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ls GOALS OF THE ENGINEERING FUNCTIONAL SPECIFICATIONS
THE MAJOR GOAL OF THE ENGINEERING FUNCTIONAL SPECIFICATIONS IS

TO PROVIDE A CURRENT, ACCURATE , AND EASILY UPDATABLE
DESCRIPTION OF THE FUNCTIONAL CHARACTERISTICS OF THE 1080,
2040, 2060 SYSTEMS, THE SPECIFICATIONS WILL DESCRIBE THE GOALS
AND FUNCTIONS OF THE SYSTEMS AS A WHOLE AS WELL AS THE
FUNCTIONS OF THE INDIVIDUAL FUNCTIONAL COMPONENTS, THE.
SPECIFICATIONS WILL ' ALSO DESCRIBE THE MOTIVATIONS AND THE
"WHYS"™ BEHIND THE FUNCTIONAL DESIGN, A FUNCTIONAL COMPONENT 1s
A LOGICALLY DISTINCT PART OF THE SYSTEM, SUCH AS THE EBOX OR
THE CACHE, RATHER THAN A PHYSICAL PART OF THE SYSTEM SUCH AS A
PARTICULAR BOARD, EACH CHAPTER WILL DESCRIBE A DIFFERENT
FUNCTIONAL COMPONENT, NO ATTEMPT WILL BE MADE TO DESCRIBE THE
INTERNALS OF A COMPONENT, EXCEPT WHERE. THIS IS NECESSARY IN
ORDER TO UNDERSTAND THE FUNCTIONS, IN OTHER WORDS THESE
FUNCTIONAL SPECIFICATIONS ARE NOT INTENDED TO SERVE AS DESIGN
SPECIFICATIONS AS WELL, HOWEVER SOME OF THE INTERFACES BETWEEN
FUNCTIONAL COMPONENTS WILL BE DESCRIBED EVEN WHEN THEY ARE NOT
VISIBLE TO THE PROGRAMMER,  THEREFORE ANOTHER GUAL OF THE
FUNCTIONAL SPECIFICATIONS IS TO ENSURE THAT THE FUNCTIONAL
COMPONENTS. WORK TOGETHER PROPERLY AS A SYSTEM,

FINALLY EACH CHAPTER WILL CONTAIN AN ERROR HANDLING AND
MAINTAINABILITY SECTION, THIS SECTION WILL DESCRIBE ALL OF THE
ERRORS. WHICH ARE AND ARE NOT DETECTED BY THE HARDWARE AND
SOFTWARE, IT WILL DESCRIBE THE RECOMMENDED SUFTWARE RECOVERY
ACTIONS, 1IT WILL DESCRIBE THE ERROR INFORMATION AVAILABLE FOR
ERROR REPORTING, IT WILL DESCRIBE THE STRATEGY FOR PERFDRMING
CORRECTIVE AND PREVENTATIVE MAINTENANCE FOR " THE FUNCTIONAL
COMPONENT, SEE  CHAPTER 1,5, SYSTEM ERROR HANDLING AND
MAINTAINABILITY FOR DETAILS ABOUT WHAT WILL BE IN EACH CHAPTER,

IT IS RECOGNIZED THAT THESE SPECIFICATIONS SHOULD HAVE BEEN
- PRODUCED EARLIER THAN THIS, IN FACT THEY SHOULD HAVE BEEN DONE
BEFORE THE DESIGN SPECIFICATIONS WHICH SHOULD HAVE BEEN DONE
- BEFORE: THE FIRST BOARD WAS SUBMITTED TO LAYOUT, HOWEVER, MOST
OF THE COMPONENTS HAVE HAD ONE OR MORE MEMOS PUBLISHED TO THE
KL10 LIST AND HAVE BEEN REVIEWED, THESE MEMOS WILL SERVE AS
THE BASIS FOR THE ENGINEERING FUNCTIONAL SPECIFICATIUNS. WHICH
WILL THEN SUPERSEDE THESE MEMOS, FROM NOW ON THE ENGINEERS
HAVE A CHOICE OF (1) SENDING FUNCTIONAL SPECIFICATIONS MEMOS
AND CHANGES TO THE KL10 LIST OR (2) CONTACTING TOM HASTINGS TOD
HAVE. THEM INCORPORATED INTO A NEW OR EXISTING CHAPTER OF THE:!
ENGINEERING FUNCTIONAL SPECIFICATIONS, *

EMPHASIS WILL BE PLACED ON CLARITY OF DESCRIPTIUN AND SPEED OF
DISTRIBUTION, ENGLISH, STYLE,  AND APPEARANCE WILL BE
CONSIDERED ONLY OF SECONDARY IMPORTANCE, EACH CHAPTER WILL BE
A SEPARATE MACHINE READABLE FILE USING VTED, RTRANS, AND RUNOFF
PROGRAMS, UPDATE PAGES WILL BE ISSUED FREQUENTLY WITH COMPUTER
GENERATED CHANGE BARS USING FILCOM, UPPER=LOWER CASE INPUT
VI05 TERMINALS AND UPPEReLOWER CASE LINE PRINTERS WILL BE USED
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TO PRINT EACH CHAPTER ON 8~1/2 BY 11 INCH TELETYPE PAPER,

THE FUNCTIONAL SPECIFICATIONS DESCRIBE THE HARDWARE ANDF
FIRMWARE, THEY WILL BE THE DOCUMENTS FROM WHICH THE SOFTWARE

ENGINEERS AND' DIAGNOSTIC ENGINEERS WRITE THEIR PROGRAMS,  THE

FUNCTIONAL SPECIFICATIONS WILL SERVE AS INPUT TO THE TECHNICAL
WRITERS WHO ARE WRITING HARDWARE, PROGRAMMING AND MAINTENANCE
MANUALS, THESE MANUALS WILL CONTAIN ALL OF THE INFORMATION IN
THE FUNCTIONAL SPECIFICATIONS AND SO WILL SUPERSEDE THEM,
HOWEVER, THE FUNCTIONAL SPECIFICATIONS WILL CONTINUE AS THE
SOURCE DOCUMENT FOR INTERNAL USE ONLY,
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2, MACHINE VERSIONS
FOUR VERSIONS OF THE MACHINE ARE PLANNED:
1, 3 BREADBOARD MACHINES
2, 5 PROTOTYPE MACHINES
3. 7 PRE=PRODUCTION MACHINES
4, N PRODUCTION MACHINES

THE 1080, 2040, AND 2060 WILL USE THE SAME KL10 CPU: WITH
DIFFERENT ARRANGEMENTS OF QOTHER FUNCTIONAL COMPDNENTS, THE
FUNCTIONAL SPECIFICATIONS WILL DESCRIBE THE PRODUCTION MACHINE:
AND FIRST RELEASE MICRO=CODE, EDITORIAL NOTES IN SQUARE.
BRACKETS WILL BE USED TO FLAG OMISSIONS, CHANGES OR
DIFFERENCES BETWEEN  THE: PRODUCTION MACHINE AND ITs
PREDECESSORS: THE BREADBOARD, PROTOTYPE, AND PILOT VERSIONS
AND THE KI10, THESE COMMENTS WILL ALSO INDICATE ANY FUNCTIONAL
ECOS DONE TO THE PREDECESSORS DURING CHECKOUT OR FUNCTIONAL
CHANGES IN THE MICRO=CUDE, THUS THE FUNCTIONAL SPECIFICATIONS
WILL SERVE AS A LIVING DOCUMENT DURING CHECKOUT, AN APPENDIX
WILL ALSO SUMMARIZE THESE DIFFERENCES, '

3, REVIEWS OF FUNCTIONAL SPECIFICATIONS

- EACH CHAPTER WILL BE ISSUED SEPARATELY AS SOON AS IT IS READY,
MOST CHAPTERS WILL THEN HAVE A REVIEW, SINCE MOST OF THE
COMPONENTS HAVE HAD REVIEWS BASED ON EARLIER MEMOS, THESE
REVIEWS SHOULD BE VERY BRIEF AND SHOULD COVER WHAT HAS CHANGED
SINCE THE MEMOS WERE WRITTEN, FUNCTIONAL SPEC: REVIEWS WILL BE
HELD BEFORE DESIGN REVIEWS OF BOARD LAYOUT AND RELAYOUTS, TOM
HASTINGS (x6512) WILL KEEP EXTRA COPIES OF THE FUNCTIONAL
SPECIFICATIONS, 1F YOU HAVE QUESTIONS, COMMENTS, CHANGES, YOU
CAN SIMPLY MARK UP YOUR COPY AND SEND IT TO HIM, HE WILL
RETURN IT IMMEDIATELY OR SEND YOU A FRESH COPY, SUCH QUESTIONS
AND COMMENTS WILL BE CONSIDERED AT THE DESIGN REVIEW OR WILL BE
- TAKEN UP WITH THE ENGINEER INDIVIDUALLY, THEREFORE YOU DO NOT
NEED TO ATTEND THE REVIEW UNLESS YOU WOULD LIKE TO,
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4, ORGANIZATION OF CHAPTERS

THE.CHAPTERS OF THE ENGINEERING FUNCTIONAL SPECIFICTION HAVE
BEEN DEVIDED INTO 7 GROUPSS

0, INTRODUCTION

1, SYSTEM
2, CPU
3, MEMORY

4, CONTROLLERS AND PERIPHERALS
5, INTERFACES BETWEEN FUNCTIONAL COMPONENTS
A, APPENDICES

CHAPTER NUMBERS ARE TWO NUMBERS, M.N, THE FIRST NUMBER
SPECIFIES ONE OF THE 7 GROUPS, THE SECOND NUMBER SPECIFIES A
CHAPTER WITHIN THE GROUP, IN THIS WAY NEW CHAPTERS CAN BE
ADDED AND PUT AT THE END OF THE APPROPRIATE GROUP, SEE CHAPTER
0,1, TABLE OF CONTENTS FOR A LISTING OF ALL DF THE CHAPTERS,

5, CHAPTER FURMAT

EACH CHAPTER WILL BEGIN WITH A TITLE PAGE OF A STANDARD FORMAT.
THE TITLE PAGE ON THE FRONT OF THIS CHAPTER SERVES AS AN
- EXAMPLE, EACH LINE IS EXPLAINED AS FOLLOWS: B

TITLE OF SPECS AND CHAPTER NUMBER AS CHAP M,N,

T0: LISTS THE DISTRIBUTION FOR THE CHAPTER AND ALL UPDATES,
THIS. WILL BE THE KL10 LIST INITIALLY,  CHAPTERS COVERING
USER=MODE INSTRUCTIONS WILL HAVE: A WIDER CIRCULATION, INCLUDING
THE DEC SYSTEM 10 SOFTWARE ENGINEERING GROUP, o

SINCE TITLE3 IS THE TITLE OF THE CHAPTER., IT IS USUALLY THE
NAME OF THE FUNCTIONAL COMPONENT, FOLLOWING THE TITLE IS THE
REVISION NUMBER, THE FIRST DISTRIBUTION IS CONSIDERED REVISION
O, A DEC OPTION DESIGNATION I8 INCLUDED IN PARENTHESES IF
THERE. IS ONE, ' '

STATUS: IS5 A BRIEF DESCRIPTION OF THE STATUS OF THE CHAPTER,
INCLUDING A REVIEW ANNOUNCEMENT, THE REVIEW STATUS OF THE
SUPERSEDED MEMDS WILL ALSO BE MENTIONED,

FILE: IS THE FILE NAME, EXTENSION, AND GENERATION NUMBER OF
THE SOURCE FILE, USUALLY IT WILL BE MPN,SPC WHERE M AND N ARE
THE CHAPTER NUMBERS, ‘

PDM #; IS THE PROGRAMMING DEPT, MEMO # IN THE 200 SERIES,
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DATE: 15 THE DATE OF THE LATEST REVISION AND HENCE
DISTRIBUTION, : '

SUPERSEDED MEMO: LISTS THE TITLES, AUTHORS, AND DATES OF THE
MEMOS T0 THE KL10 LIST WHICH THIS CHAPTER SUPERSEDES, ALL OF
THE INFORMATION IN SUCH MEMOS WILL BE INCOURPORATED INTO THE

CHAPTERS AS IS OR WITH ‘SOME EDITING AND ADDED EXPLANATION,
CODING EXAMPLES, ETC, NO INFORMAIION WILL BE LEFT Quft,

ENGINEER: IS THE NAME OF THE ENGINEER RESPONSIBLE FOR THE
FUNCTIONAL COMPONENT, '

APPROVED: 18 THE INDICATION THAT THE RESPONSIBLE ENGINEER OR A
SUPERIOR HAS APPROVED THE SPECIFICATION, IT IS EQUIVALENT TO A
SIGNATURE AND WILL BE ADDED AT THE LAST MOMENT BEFORE
DISTRIBUTION,

EDITOR: IS THE TECHNICAL PERSON PREPARING THE CHAPTER,
TYPIST: 1S THE PERSON WHO TYPED REV 0,

REVIEWED: IS THE DATE THAT THE CHAPTER WAS REVIEWED AT A
DESIGN REVIEW CALLED BY THE ENGINEER  OR EDITOR, A BLANK
INDICATES THAT THE CHAPTER HAS NOT BEEN REVIEWED SINCE BEING
PUT IN MACHINE READABLE FORM,

ABSTRACT = EACH CHAPTER WILL HAVE A SHORT ABSTRACT DESCRIBING
- THE CONTENTS OF THE CHAPTER,

REVISION HISTORY = IS A LIST OF REVISIONS TO THE FUNCTIONAL
SPECIFICATIONS, IT 1S IDENTICAL TO THE COMPANY STANDARD FOR
ENGINEERING SPECIFICATIONS, '
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6, PRODUCTION OF THE SPECIFICATION

UNE OF THE GOALS IS TO MAKE IT AS EASY AND FAST AS POSSIBLE TO
INPUT AND EDIT THE SPECIFICATIONS, BY SECRETARIES , SKILLED
COMPUTER TYPISTS OR ENGINEERS, VTED, A SIMPLE SCOPE: EDITOR,
WILL BE USED WITH AN UPPER~LOWER CASE INPUT VTO05 TO PRODUCE THE
SOURCE FILE WITH EXTENSION ,S8PC, THE TYPIST TYPES AND FORMATS:
TEXT AS IF USING AN ORDINARY TYPEWRITER FOLLOWING A FEW SIMPLE
RULES SPECIFIED BELOW, THEN THE FILE 1S PASSED THROUGH RTRANS
(RUNQFF TRANSLATOR) WHICH INSERTS APPROPRIATE RUNOFF COMMANDS
INTO THE OUTPUT FILE GIVING IT EXTENSION ,RNQ, THE RNO FILE IS
IN TURN PASSED THROUGH RUNOFF WHICH FILLS. AND JUSTIFIES THE

TEXT GIVING IT EXTENSION ,LST, THE ,LST FILE IS PRINTED ON AN
UPPER=-LOWER CASE LINE PRINTER USING 8~1/2 BY 11 TELETYPE
FOLDING PAPER, THE RUNOFF DEFAULT PAGE SIZE OF 60 LINES WILL
BE. USBED SINCE NO PHOTO REDUCTION WILL BE DONE, HOWEVER, THE
RIGHT MARGIN WILL BE SET AT 63 INSTEAD OF 60, THIS WILL GIVE
MORE ROOM FOR COMMENTS IN PROGRAM EXAMPLES, A LINE WIDTH OF 63
CHARACTERS WAS CHOSEN BECAUSE THE VT0S BLEEPS WHEN THE 64TH
CHARACTER 1S TYPED, FOR PROGRAM: EXAMPLES (WHERE RUNOFF HAS
BEEN TOLD NOT TO FILL AND JUSTIFY), THE TYPIST WILL KNOW A
COMMENT HAS NOT OVERFLOWED IF THERE IS NO BLEEP,

SUBSEQUENT EDITS ARE MADE ON THE ORIGINAL SOURCE FILE (,.8RC),
EDITING IS VERY EASY SINCE THE SOURCE ' FILE: RESEMBLES THE
FORMATTED LISTING AND HAS ALMOST NO RUNOFF COMMANDS IN IT,

UPDATES WILL BE ISSUED BY PAGE WITH CHANGE BARS USING FILCOM
GIVING AN EXTENSION OF ,SCM, RECIPIENTS ARE URGED TO BURST THE
PAPER AND PUNCH HOLES FOR INSERTION INTO 3 RING NOTEBDOKS SO
THAT THEY CAN INSERT CHANGE PAGES,
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7. PREDISTRIBUTION APPROVAL

BEFORE DISTRIBUTION OF THE FUNCTIONAL SPECIFICATIONS OR ANY OF
THEIR REVISIONS, THE RESPONSIBLE ENGINEER MUST APPROVE A

LISTING,

AFTER SUCH APPROVAL EXACTLY THE FOLLOWING EDITS WILL

BE MADE TO THE FILE AND NO MORE:

1.

2,

3,

"+SUBTITLE PREFACE = REV 0=" WILL BE CHANGED TO:
".SUBTITLE PREFACE = REV Q"

THE MINUS SIGN. AFTER THE REVISION NUMBER 1§ MEANT TO
INDICATE THAT THE REVISION IS NOT YET COMPLETE,

DATE: WILL HAVE ALREADY BEEN CHANGED
BEFORE APPROVAL

IF THIS Is THE‘FIRSTrﬂismﬁlaﬂTiﬂﬁ>(REY 0),
APPROVED: WILL BE CHANGED TO:

APPROVED: JOHN DOE

1F THIS IS A REVISION, THE APPROVAL ENGINEER'S INITIALS
WILL BE ADDED T0 THE NEWEST LINE ON THE REVISION
HISTORY, FOR REV 1, BOTH REV 1 AND REV 0 WILL BE ADDED
TO THE REVISION HISTORY SECTION, '
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8, 'RUNOFF COMMANDS

THE TYPIST WILL USE AS FEW RUNOFF CUMMANDS. IN THE SOURCE FILE
(4SRC) AS POSSIBLE USING VTED, INSTEAD THE TYPIST WILL USE THE:
NATURAL FORMATTING CHARACTERS SPACE, TAB, RETURN, BLANK LINE,
AND  FORM FEED AS DESIRED, IN THIS WAY THE JUSTIFIED OUTPUT
LISTING (,LST) WILL RESEMBLE THE INPUT (,SRC) FILE SO CLOSELY
THAT THE TYPIST CAN EDIT THE SOURCE DIRECTLY FROM A MARKED UP
JUSTIFIED LISTING (,LST), FOR EASE OF TYPING ALL RUNOFF
COMMANDS WILL BE IN LOWER CASE, ' v

"oTITLE" WILL BE USED ON ALL CHAPTERS, IT WILL FOLLOW THE
FIRST LINE OF THE SOURCE FILE, TWO TRAILING SPACES ENSURE THAT
RUNOFF WILL LEAVE 2 SPACES BEFORE IT PUTS IN PAGE ON THE TOP OF
EVERY PAGE, EXAMPLES |

"+TITLE 1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP M,N "

"oSUBTITLE" WILL INDICATE THE TITLE OF THE CHAPTER AND THE
REVISION NUMBER, IT WILL BE THE LINE FOLLOWING THE TITLE:
LINE, EXAMPLE:

"+« SUBTITLE EXEC' AND USER:PAGQ TABLES. (EPT, UPT) = REV on

"+ NOFILL" WILL BE USED AS LITTLE AS POSSIBLE, IT WILL ONLY BE
NEEDED FOR THE FLOW ALGORITHMS, IT WILL NOT BE USED FOR LISTS,
TABLES, OR ASSEMBLY CODE EXAMPLES, LISTS. AND TABLES WILL
ALWAYS HAVE A BLANK LINE BETWEEN EACH ITEM §0 RTRANS WILL NOT
JUSTIFY, ASSEMBLY CODE HAS IMBEDDED TABS, SO RTRANS WILL NOT
FILL' AND JUSTIFY EVEN THOUGH IT DOESN'T HAVE BLANK LINES
BETWEEN EACH LINE, ‘

"+FILL" WILL BE USED TO RESTORE FILLING AND JUSTIFYING,

NO OTHER RUNOFF COMMANDS WILL BE USED, INDEXING WILL BE
 GENERATED AUTOMATICALLY BY SOME SORTING SOFTWARE, THEN THE
TYPIST WILL NOT HAVE TO USE *,INDEX® COMMANDS. AND THE INDEX
WILL BE MORE COMPLETE,
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9. TYPING CONVENTIONS FOR RTRANS

THE FORMAT FOR EACH CHAPTER FOLLOWS THE "STANDARD FOR RUNOFF
MANUALS, PDM# 005=003=026=00 WITH A FEW MINOR CHANGES, THE
CHANGES ARE: (1) RIGHT MARGIN 63 INSTEAD OF 70 BECAUSE THE
VT05 BLEEPS ON THE 64TH CHARACTER, (2) TEXT PART OF A LIST
STARTS 8 SPACES IN RATHER THAN 9 SO THAT TAB CAN BE USED TO
LINE UP TEXT, AND (3) LEVEL A PARAGRAPH NUMBER DOES NOT HAVE A
0 FRACTION, ALL INFORMATION TYPED FALLS INTO ONE OF THE
FOLLOWING THREE CATEGORIES! N |

1, PARAGRAPHS
2, LISTS
3, TABLES
9,1 PARAGRAPHS

THERE ARE 4 LEVELS OF PARAGRAPHS3 LEVEL As Bs. Co Dy DEPENDING
ON THE NUMBER OF FRACTIONS FOLLOWING THE PARAGRAPH NUMBER,
LEVEL A ALWAYS HAS NO FRACTION, LEVEL B HAS FRACTION ,1 TO ,NN,
LEVEL" C HAS FRACTION ,1,1 TO ,NN,NN, AND LEVEL D HAS: FRACTION
elo1s1 TO ,NN,NN,NN, LEVEL A ALWAYS: HAS A HEADER LINE 1IN ALL
CAPITAL LETTERS, PRECEDED BY 3 BLANK LINES AND FOLLOWED BY 1
BLANK LINE, LEVEL B MAY OR MAY NOT HAVE A HEADER LINE WITH THE
FIRST LETTER OF EACH WORD CAPITALIZED, = IF IT DOES HAVE A
HEADER, THE HEADER IS PRECEDED AND FOLLOWED BY 1 BLANK LINE.
LEVEL ¢ MAY OR MAY NOT HAVE A TITLE, IF IT DOES HAVE A TITLE,
THE TITLE APPEARS ON THE SAME LINE AS THE TEXT, SEPARATED BY A
HYPHEN, LEVEL D IS SUGGESTED TO BE AVOIDED, ALL PARAGRAPHS AT
ALL LEVELS ARE BLOCK STYLE. AND FLUSH LEFT, v

EXAMPLE SHOWING ALL 4 LEVELS}

s THIS IS A LEVEL A HEADER

THIS IS THE TEXT IN A LEVEL A PARAGRAPH OUR PARAGRAPHS,  NOTE
THAT IT IS FLUSH LEFT,

1,1 THIS I8 A LEVEL B HEADER

THIS 18 THE TEXT IN A LEVEL B PARAGRAPH OR PARAGRAPHS, NOTE
THAT 1T IS FLUSH LEFT ALSO, '

1,1,1 THIS IS A LEVEL C HEADER = THIS IS THE TEXT IN A LEVEL C
PARAGRAPH OR PARAGRAPHS, NOTE THAT IT 1S FLUSH LEFT,

1,1,1,1 THIS IS THE TEXT IN A LEVEL D PARAGRAPH, NOTE: THAT
LEVEL D NEVER HAS A TITLE AND I5 USUALLY TO BE AVOIDED,
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942 LISTS

LISTS WILL ALWAYS HAVE EACH ITEM NUMBERED, A NUMBERED LIST IS
DISTINGUISHED FROM PARAGRAPHS BY BEING INDENTED, USUALLY THE
TEXT PRECEDING A LIST WILL END IN A COLON TO INDICATE THAT A
LIST FOLLOWS, LIST ITEMS ARE NUMBERED WITH INTEGERS FOLLOWED
BY A PERIOD, SINGLE DIGITS ARE PRECEDED BY 4 SPACES AND
FOLLOWED BY A TAB SO THAT THE TEXT IS SEPARATED FROM THE NUMBER
OF 2 SPACES, TWD DIGIT NUMBERS MUST BE PRECEDED BY 3 SPACES SO0
- THAT THE TAB WILL STIL MOVE ‘TWD- CHARACTER PUSITIONS, THE
FOLLOWING IN AN EXAMPLE OF A LIST: ' -

1, FIRST ITEM IN LIST

2, SECOND ITEM IN LIST

3, THIRD ITEM IN LIST
IF THE TEXT IN AN ITEM OF A LIST EXCEEDS ONE LINE, THEN THE
TYPIST MUST TYPE A TAB ON SUCCEEDING LINES, THE TYPIST WILL
PUT 1 BLANK LINE BETWEEN EACH ITEM IN A LIST, EXMPLE OF A LIST
WITH ITEMS WHICH OVERFLOW A LINE:D. :

1, THIS IS AN EXAMPLE OF A LONG ITEM .NﬁICH OVERFLOWS. A
SINGLE LINE,.

2, THIS IS A SECOND EXAMPLE,

3, THE TYPIST MUST TYPE A TAB AFTER TYPING A RETURN,
9,3 TABLES
TABLES ARE JUST LIKE LISTS EXCEPT THAT THE ITEMS ARE NOT
USUALLY NUMBERED, TABLES USUALLY HAVE MORE THAN ONE COLUMN
SEPARATED BY TABS, TABLES USUALLY HAVE COLUMN HEADINGS, EACH
ENTRY WILL BE SEPARATED BY A BLANK LINE, TABLES WILL USUALLY
BE INDENTED ONE FULL TAB IF THERE IS ROOM,

EXAMPLE OF A TABLE:

NO, = ITEM

3 o WAMBATS

5 ZAMBONIS

2 KL10S
944 FORMAT

GENEROUS USE OF: FORM FEEDS (CONTROL L) WILL BE USED TO CREATE
PAGE BREAKS SO THAT INSERTS CAN BE MADE WITHOUT CHANGING THE
PAGE NUMBERING, 1IN THIS WAY UPDATE PAGES CAN BE DISTRIBUTED.
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RATHER THAN THE. ENTIRE CHAPTER, AN ATTEMPT WILL BE MADE TO PUT
PAGE BREAKS IMMEDIATELY BEFORE LEVEL A PARAGRAPHS,

VIED (ACTUALLY RTRANS) DOES NOT CAUSE JUSTIFICATION OF LINES
WHICH HAVE TABS. EMBEDDED IN THEM, THUS ASSEMBLY CODE EXAMPLES
CAN BE PREPARED WITHOUT BLANK LINES, LEADING TaBS. DO NOT
PREVENT JUSTIFICATION BECAUSE THEY ARE NOT EMBEDDED, LEADING
TABS INDICATE AN INDENTED LEFT MARGIN, '

10, STURAGE OF FILES

~ALL ,8RC, ,RNO, ,LST, AND ,SCM FILES WILL BE KEPT 1IN AN
UNPUBLISHED DIRECTORY ON VIRDS, STRICT SECURITY MEASURES ARE
BEING TAKEN, A ONE DOLLAR REWARD IS OFFERED TO EACH PERSON
OUTSIDE OF THE VIROS GROUP WHO CAN OBTAIN ANY OF THE FUNCTIONAL
SPECIFICATIONS FROM THE MACHINE, THE PERSON MUST FIND A NEW
WAY AND CANNOT GO INTO THE COMPUTER ROOM, DECISIONS OF THE
VIROS GROUP JUDGES ARE FINAL, CONTEST IS VOID WHERE
PROHIBITED, THE FILE NAME WILL BE THE SAME AS THE CHAPTER
NUMBER, I,E, CHAPTER 2,3 WILL HAVE FILE NAME 2P3RN,SRC, WHERE
N 1S THE REVISION NUMBER,
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11, FLOW LANGUAGE

'ALGORITHMS AND PROCEDURES WILL BE DONE USING A.  SIMPLE
ENGLISH»LIKE PROGRAMMING LANGUAGE WITH A SYNTAX LIKE ALGOL,
THE LANGUAGE 1S AN EXPERIMENT IN STRUCTURED PROGRAMMING IN THAT
THE LANGUAGE IS BLOCK STRUCTURED WITH NO GOTOS,

11,1 NOTATION

ALL REGISTER NAMES AND BITS WILL BE CAPITALIZED, ALL KEYWORDS
WILL, BE CAPITALIZED. COMMENTS  WILL BE  INCLUDED 1IN
PARENTHESESIS, ALL STATEMENTS WILL INCLUDE THE NUMBER OF BITS.
- INVOLVED IN EACH MENTIONED, THE BEGINNING OF A PROCEDURE WILL

DECLARE ALL REGLISTERS USED AND THEIR BIT WIDTHS, THE BITS ARE
SPECIFIED IN DECIMAL INSIDE SQUARE BRACKETS WITH NO SPACES
SURROUNDING THE HYPHEN,

EXAMPLE1
COPY AR ([18~35] TO = VMA [18+35]

ANY BITS OF A SOURCE OR DESTINATION REGISTER WHICH EXIST BUT
ARE NOT MENTIONED ARE ASSUMED TO REMAIN UNCHANGED,

11,2 STATEMENTS

STATEMENTS ARE TERMINATED BY A SEMI=COLON, STATEMENTS MAY
OCCUPY MULTIPLE LINES, THE TYPIST MUST INDENT CONTINUATION
LINES 3 SPACES BEYOND THE INDENTATION OF THE FIRST LINE OF THE
STATEMENT, :

EXAMPLES:

THIS IS A STATEMENT;
THIS 1S A MULTI~LINE STATEMENT WHICH HAS BEEN
CONTINUED ON THE NEXT LINE;

11,3 COMPOUND STATEMENTS

A COMPOUND STATEMENT IS A SEQUENCE OF STATEMENTS BEGINNING WITH
BEGIN AND ENDING WITH END, A COMPOUND STATEMENT MAY BE USED
ANYWHERE A STATEMENT MAY BE USED, FOR EASE OF READING THE
BEGIN AND END ARE PUT ON SEPARATE LINES, THEY ARE INDENTED THE
SAME NUMBER OF TAB STOPS AS THE STATEMENTS IN THE BODY OF THE
COMPOUND STATEMENT, '

EXAMPLE?
BEGIN.
CLEAR FIRST<PART DONE FLOPj
COPY PREVIOUS AC P [10=17] TO HR [18=35);
END :

11,4 CONDITIONAL STATEMENT
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CONDITIONAL STATEMENTS ARE USED TO MAKE DECISIONS AND ACT
ACCORDINGLY, A CONDITIONAL STATEMENT MAY OCCUR ANYWHERE THAT A
STATEMENT CAN OCCUR, THE SIMPLEST FORM OF  CONDITIONAL
STATEMENT EITHER PERFORMS A SPECIFIED STATEMENT OR IT DOESN'T
DEPENDING ON THE CONDITION, FORM3 | |
IF CONDITIONAL EXPRESSION, THEN STATEMENT;
EXAMPLES |
IF AC BIT 9 IS i, THEN COPY PCS TO VMA (13 = 17];
THE FOLLOWING EXAMPLE SHOWS A COMPOUND STATEMENTG
IF AC BIT 9 IS 1, THEN
BEGIN
COPY PCS TO VMA [13%17);
ADD XR [0=35] TO AC [0w35];
END |
NOTE THAT THE COMPOUND STATEMENT 1S INDENTED ONE ADDITIONAL TAB
FROM THE PREVIOUS LINE AND IS SET OFF BY BLANK LINES, A CHOICE
BETWEEN TWO STATEMENTS CAN BE MADE BY USING THE ELSE
 CONSTRUCTION, FORM: | |
IF CONDITIONAL EXPRESSION, THEN STATEMENT 1
ELSE STATEMENT 2 .
STATEMENT { 15 EXECUTED IF THE CONDITIONAL EXPRESSION IS TRUE,
OTHERWISE STATEMENT 2 IS EXECUTED, A CHOICE BETWEEN MORE THAN
TWO STATEMENTS CAN BE MADE TO GIVE A GENERAL CASE ANALYSIS
CAPABILITY, FORM; . i
IF CONDITIONAL EXPRESSION 1, THEN STATEMENT 1
ELSE |
IF CONDITIONAL EXPRESSION 2, THEN STATEMENT 2
ELSE

IF CONDITIONAL EXPRESSION 3, THEN STATEMENT 3

v e
v e
v e
ELSE

STATEMENT N + 13
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EXAMPLE: SHOWING TYPING FORMAT AS WELL AS SYNTAX:

IF TEMPERATURE IS GREATER THEN 60, THEN
DO NOT WEAR OVERCOAT

ELSE |

IF TEMPERATURE 1S IN RANGE 30 TQ: 60, THEN
WEAR OVERCOAT

ELSE
WEAR OVERCOAT AND SCARF;

11,5 LOCOP STATEMENTS

REPET1TION OF STATEMENTS 1S DONE BY PRECEDING A STATEMENT WITH
THE WORD DO, FORM3:

DO STATEMENT}

STATEMENT IS REPEATED FUREVER. SEE BELOW HOW TQ TERMINATE
LOOP, '

11,6 STATEMENT LABELS

ANY SIMPLE OR COMPOUND STATEMENT MAY BE LAB&LED BY PRECEDING: 1T
BY AN IDENTIFIER TERMINATED BY A COLON, FORM:

LABEL; STATEMENT;
EXAMPLE3
SUM; BEGIN
ADD A(I) + TOTAL TO TOTALj
ADD I + 1 TO I3
END
11,7 EXIT LOOP STATEMENT
" THE EXIT LOOP STATEMENT IS USED TO TERMINATE &DGPS, IN ORDER
TO SPECIFY WHICH SYNTACTICALLY NESTED BLOCK TO EXIT, THE EXIT
LOOP STATEMENT SPECIFIES A (COMPOUND) STATEMENT LABEL, FORM:
EXIT LOOP LABEL}
EXAMPLE3

SET TOTAL TO 03
SET I TO 1
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po
SUM; BEGIN
‘ ADD A(I1) + TOTAL TO TOTAL;
ADD I .+ 1 TO 13
IF I Is 10, THEN EXIT LOOP SUMj
END

12, REGISTER LAYQUTS

REGISTER LAYOUTS WILL BE DONE DOWN THE PAGE IN ASCENDING BIT
POSITION,  ONE BLANK LINE WILL SEPARATE EACH BIT, THREE BLANK
LINES WILL SEPARATE OCTAL DIGITS FOR EASE OF READING, THE
MNEMONIC FOR EACH BIT OR FIELD (REGISTER) WILL BE GIVEN IN
UPPER CASE FOLLOWED BY A COLON, THE SAME MNEMONIC WILL BE USED
IN THE PRINTS, DIAGNOSTICS, SYSTEM SOFTWARE, THE HARDWARE
MANUALS, THE MAINTENANCE MANUALS, AND ERROR REPORTS, ALL WORDS
OF ALL BITS AND REGISTER NAMES WILL BE CAPITALIZED. IN TEXT
THE FIRST FEW REFERENCES TO A BIT OR REGISTER WILL HAVE THE
REGISTER NAME AND MNEMONIC: IN PARENTHESES, TABLES WILL ALWAYS
CONTAIN BOTH SINCE THEY ARE USED FOR REFERENCE,

REGISTER NAME (RN)

0  LPCS: IF 1, LOAD PREVIOUS CONTEXT SECTION
REGISTER (PCS)

1 LCAC: IF 1, LOAD CURRENT AC REGISTER (CAC)
FROM BITS 3=5

2 LPAC3 IF 1, LOAD PREVIOUS AC: REGISTER (PAC)
FROM BITS 6=~8 |

3=5 CAC: CURRENT AC REGISTER

w8 ?AC; PREVIOUS AC REGISTER
13, SPECIAL WORDS

ALL MNEMONICS, AND OPTION NUMBERS WILL BE IN ALL CAPS, EG,
MBOX, MBUS, RH20, AN  EXCEPTION IS MASSBUS WHICH IS
COPYRIGHTED, BIT NAMES WILL HAVE THE FIRST LETTER CAPITALIZED,
INCLUDING ANY GENERIC WORDS, IE, CACHE BIT, 'THE SYMBUL FOR
MICRO=SECOND WILL BE "USEC",

[END OF CHOS02,8PC]
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>STATUSS THLS. CHAPTER 1S THE PRODUCT DESCRIPTIDN FOR THE KLlO.
THE 1080 SECTION IS MISSING,
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SUPERSEDED MEMOS: DECSYSTEM 2060 PRODUCT DESCRIPTION,
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SUPERSEDED SPECS:
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REVIEWED: |

ABSTRACT

THIS CHATER GIVES AN OVERVIEW OF THE 1080, 2040, AND 2080
SYSTEMS FROM THE PRODUCT POINT OF VIEW,
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THE DECSYSTEM 2060 REPRESENTS THE CULMINATION OF ODVER TEN YEARS
OF DEVELOPMENT OF THE STATE OF THE ART INTERACTIVE SYSTEMS BY
DIGITAL EQUIPMENT CORPORATION, THE DECSYSTEM 2060 WITH THE
LIBRTUAL QPERATING SYSTEM PROVIDES SUCH ADVANCE FEATURES AS:

L]

36 MILLION BYTES (8 MILLION 36 BIT WORDS) USER VIRTUR&
ADDRESS SPACE

SECTION ARCHITECTURE
398 INSTRUCTIONS INCLUDING VARIABLE BYTE  LENGTH
OPERATIONS, 72 BIT ARITHMETIC INSTRUCTIONS AND STACK
OPERATION INSTRUCTIONS,

AN ADVANCED BUSINESS INSTRUCTION SET WHICH HANDLES
IBCDIC, ASCII, OR ANY OTHER CHARACTER REPRESENTATIONS
UP TO 15 BITS IN LENGTH AND PROVIDES EXTENSIVE EDITING,
TRANSLATION ~ CHARACTER  MANIPULATIONS  AND  RADIX
CONVERSION CAPABILITIES |

INSTRUCTION RATE OF 1,8 MILLION INSTRUCTIONS PER SECOND
OR 20% FASTER THAN 370/158

UP TO B UNIVERSAL MASS STURAGE PROCESSORS FOR HIGH
SPEED MAG TAPE, HIGH SPEED DRUM AND DISK

AN 10 BAND WIDTH OF ABOUT 9 MILLION BYTES PER SECOND (2
MILLION, 36 BIT WORDS PER SECOND)

UP TO 4 FRQNT END PROCESSORS FOR CARD READERS, LINE
PRINTERS AND COMMUNICATIONS

Up T0 2,3 MILLION BITE& (512K, 36 BIT WORDS) OQF
INTERNAL MEMORY " \

9,216 BYTES (2048 36 BIT WORDS) OF 125 NS CACHE MEMORY
8 SETS OF 16 REGISTERS
ADVANCE MAINTAINABILITY FEATURE INCLUDING CACHE PARITY
CHECKING, 10 PROCESSORS LOOP=BACK FEATURES, MEMORY READ
AND WRITE PARITY, AND REMOVABLE COMPONENT DIAGNOSTIC
ISOLATION
COMPACT REQUIRES A MINIMUM OF FLOOR SPACE
ADVANCED VIRTUAL MEMORY OPERATING SYSTEM FEATURING3
PROCESS STRUCTURED ARCHITECTURE
MULTIPLE FORKING CAPABILITY
VIRTUAL MEMORY CAPABILITY
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MULTIPLE COMMAND LANGUAGE CAPABILITY

THE DECSYSTEM=2060 18 ORGANIZED INTO TWO ADDRESS SPACES = ONE
FOR THE MONITOR AND ONE FOR THE USER PRUGRAM, EACH CONSISTS QF
32, 512 PAGE SECTIONS WHERE EACH PAGE CONTAINS 512, 36 BIT
WORDS, THUS, EACH USER HAS 32, 256K SECTIONS OF ADDRESS SPACE
WHICH ALLOWS HIM A GREAT DEAL OF EXPANSION, PROTECTION, AND
MODULARITY 1IN ORGANIZING HIS SYSTEMS STRUCTURE, FOR EXAMPLE,
THE FORTRAN LIBRARY ROUTINES COULD RESIDE IN ONE SECTION THE
COMPILER 1IN ANOTHER SECTION, AND THE USER COMPILED CODE IN YET
ANOTHER SECTION, THUS, AND ERROR IN THE USERS CUDE COULD NOT
DESTROY THE: FORTRAN LIBRARY ROUTINES WHICH MAY BE SHARED BY A
LARGE NUMBER OF OTHER USERS, THE CONCEPT OF PAGE SHARING IS
IMPLEMENTED IN VIROS SO A SINGLE PAGE MAY BE SHARED BY A NUMBER
OF USERS THUS GIVING AN IMPROVED EFFICIENCY IN MEMORY
UTILIZATION, THUS, A USER CAN HAVE A TOTAL PROGRAM SPACE WHICH
EXCEEDS PHYSICAL MEMORY AND CAN BE AS LARGE AS: 8 MILLION 36 BIT
WORDS,

THE DECSYSTEM=202 INSTRUCTION SET IS AN EXTENSION OF THE
LOGICALLY DEVELOPED AND HIGHLY SUCCESSFUL DECSYSTEM=10
INSTRUCTION SET, THE DECSYSTEM=10 INSTRUCTION SET HAS BEEN
AMPLIFIED TO INCLUDE SUCH THINGS AS VARIABLE LENGTH BYTE
ADDRESSING TO. ALLOW BYTES TO CROSS WORD BONDARIES  THUS
YIELDING, FOR  INSTANCE, 12,5% INCREASE IN THE STORAGE
EFFICIENCY OF 8 BIT BYTES, FURTHER, THE BYTE POINTER MAY BE
ADJUSTED FORWARD OR BACKWARD TO FACILITATE INDEXING AND
MANIPULATION OF BYTE STRING, ‘ ' : :

IN ORDER TQ IMPLEMENT THE SECTIUN ARCHITECTURE, AN ADDITIONAL
SPECIAL EXECUTE INSTRUCTION HAS BEEN IMPLEMENTED TO ALLOW
COMMUNICATION ACR0OSS  SECTION = BOUNDARIES, As IN THE
DECSYSTEM=10, THE 2060 INCLUDES 72 BIT DOUBLE PRECISION
ARITHMETIC FOR INCREASE COMPUTATIONAL ACCURACY, PUSH AND POP
STACK INSTRUCTIONS ALLOW RECURSIVE SUBROUTINING, 1IN ORDER TO
'PROVIDE IMPROVED CAPABILITY IN THE BUSINESS DATA PROCESSING
AREA, THE = DECSYSTEM=2060 PROVIDES ADVANCED EDITING AND
CHARACTER HANDLING CAPABILITY, FOR. EXAMPLE, THE EDIT
INSTRUCTION PROVIDES SUCH FEATURES AS CHECK PROTECTION FLOATING
OF CURRENCY SIGNS, THE ABILITY TO SUPPRESS LEADING ZERDS AND TO
BLANK A FIELD WHEN ZERO, THE ABILITY TO TRANSLATE FROM ONE CODE
SET TO ANOTHER WHILE AT THE SAME TIME EDITING THE DATA FOR
QUTPUT, THE ABILITY TO SUPPRESS LEADING BLANKS FOR INSERTION
OF NUMERIC VALUES INTO TEXTIS ALSO PROVIDED, COMPLETE:
FLEXIBILITYIS PROVIDED TO CHOOSE WHATEVER CURRENCY AND PLACE
VALUE SYMBOLS YOU MAY DESIRE IN EDITING NUMERICAL VALUES FOR
QUTPUT, ALSO PROVIDED ARE STRING COMPARE, BINARY TO DECIMAL
CONVERSION AND DECIMAL TO  BINARY CONVERSION, THESE
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INSTRUCTIONS SHOULD IN FACT BE CALLED CHARACTER TQ BINARY AND
BINARY TO CHARACTER SINCE ALL OF THE STRING T0 BINAR
CONVERSIONS ARE CODE INDEPENDENT, THE ONLY REQUIREMENT BEING
THAT THE DIGITS IN THE CODE BE CONTIGUOUS, ALSO PROVIDED IS A
SCAN CAPABILITY WHICH ALLOWS CHARACTER STRINGS TO BE SCANNED
FOR ANY ONE OF A TABLE OF SIGNIFICANT CHARACTERS, I,E.., COMMAS,
PERIGDS, EQUAL SIGNS OR OTHER SYMBOLS THAT WOULD HAVE
SIGNIFICANCE IN A SYNTAX SCANNING APPLICATION, ALSO PROVIDED
IN THE BUSINESS INSTRUCTION SET IS A CHARACTER STRING MOVE
INSTRUCTION SO THAT BLOCKS OF CHARACTERS MAY BE MOVED,

IN ORDER TO OBTAIN THE OUTSTANDING PRICE PERFORMANCE
CHARACTERISTICS THAT THE DECSYSTEMw2060 EXHIBITS, THE PROCESSOR
SECTION OF THE MACHINE IS IMPLEMENTED 1IN HIGH SPEED E,C.L.
WITH GATE DELAYS IN THE ORDER OF 3 NANU SECONDS,

THE KL10 ALSO FEATURES A 2,048 WORD SOLID STATE MEMORY BUFFER
STORE WHICH TYPICALLY ALLOWS 90% OF THE CPU MEMORY REFERENCES
TO OCCUR IN A 125 NANO SECONDS, ANOTHER ADVANCED FEATURE - OF
THE DECSYSTEM=2060 CACHE I8 THAT IT DOES NOT REQUIRE CACHE
WRITE THROUGHS AS OTHER CURRENT MEMORY CACHE DESIGNS DO, THIS
ELIMINATES, FOR INSTANCE, THE NECESSITY OF WRITING BACK INTO
MAIN MEMORY EACH VALUE OF A LOOP INDEX IN A SMALL INSTRUCTION
Laop, 10 IS CHECKED AGAINST THE CACHE TO MAKE SURE' THE MOST
CURRENT DATA IS SENT TO THE 10 DEVICES, LIKEWISE, PAGES IN THE
CACHE ARE MARKED INVALID AS DATA FOR THAT PAGE COMES: FROM AN IO
DEVICE, PAGES. ARE ONLY WRITTEN BACK INTO THE MAIN MEMORY FROM
THE: CACHE 1IN ORDER TO MAKE ROGM FOR NEW PAGES, ALL THIS ADDS
UP TO 1,85 MIPS AVERAGE INSTRUCTION RATE PROCESSOR, ADD TIMES,
FOR INSTANCE, OCCUR IN 550 NANO SECONDS, A FLOATING 36 BIT ADD
AND ROUND REQUIRES ONLY 1,72 MICROSECONDS,

371

PACKAGED WITHIN THE KL10. ITSELF ARE UP TO 8 MASS STORAGE
PROCESSURS, UP TO 8 DEVICES MAY BE ATTACHED TO ANY SINGLE
PROCESSOR, THESE DEVICES CAN BE A MIX OF A MAG TAPE, RP04
MOVING HEAD DISK, AND RS04 DISK, FOUR OF THE CHANNELS CAN
OPERATE UP TO 1 MICROSECOND PER WORD TRANSFER RATE AND FOUR OF

THE CHANNELS AT TWO MICROSECONDS. PER WORD TRANSFER RATE,
HOWEVER, THE COMPLETE SIMULTANEOUS TRANSFER RATE IS SOMEWHERE
IN THE ORDER OF 2 MILLION TO 2+1/2 MILLION WORDS PER SECOND,
THE I/0 PROCESSORS EXECUTE INSTRUCTION LISTS IN MAIN MEMORY AND
HAVE THE ABILITY TO LOOK AHEAD ONE INSTRUCTION SO THAT, FOR
INSTANCE, IN THE CASE OF A FIXED HEAD DISK, THE 1/0 PROCESSOR
CAN CHANGE FROM READ TO WRITE IN THE SECTOR GAP TIME,  SOME OF
THE OTHER FEATURES OF THE MASS STORAGE PROCESSORS RELATE TO
RELIABILITY, THE MASS STORAGE PROCESSORS PROVIDE COMPLETE
PARITY CHECKING FROM THE DEVICE TO THE MEMORY, THEY ALSO HAVE
LOOP»BACK FEATURES WHICH ENABLE THE CENTRAL PROCESSOR TO
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ISOLATE FAULTS IN THE MASS STORAGE PROCESSOR WITHOUT HAVING ANY
DEVICE CONNECTED TO IT,

EACH DECSYSTEM=2060 HAS UP TO FOUR FRONT ENDS I/0 PROCESSORS
FOR LOW SPEED PERIPHERALS SUCH AS CARD READERS, LINE PRINTERS
SYNCHRONOUS, AND ASYNCHRONOUS COMMUNICATIONS, THESE FOUR FRONT
END PROCESSORS HAVE THE COMPLETE INSTRUCTION SET OF THE PDP=11
AND HELP TO RELIEVE THE PROCESSING BURDEN OF THE DECSYSTEM=2060
PROCESSOR ASSOCIATED WITH LOW SPEED PERIPHERAL CONTROL, THE
PDPw11 FRONT END PROCESSOR ACTS AS A CONSOLE PROUCESSOGR FOR THE
DECSYSTEM»2060 AND FUNCTIONS EXTENSIVELY AS A DIAGNOSTIC
PROCESSOR TO ALLOW INTERNAL REGISTERS IN THE DECSYSTEM=2060 TO
BE READ IN ORDER TO DIAGNOSE FAILURES. IN THE PROCESSOR, THE
PDP=11 ALSO PROVIDES SERVICES SUCH AS THE LOADING OF THE
CONTROL STORE OF THE DECSYSTEM=2060 MICROPROCESSOR,

MEMORY

WITHIN THE PROCESSOR ITSELF, THE DECSYSTEM=2060 MAY CONTAIN UP
TO ONE HALF MILLION (512K) WORDS DF MEMORY, THE MEMORY IS 4
WORDS WIDE SO THAT DURING A SINGLE MEMORY ACCESS, THE MAIN
MEMORY FOUR WORDS SIMULTANEOUSLY OR WRITES UP TQ FOUR WORDS
SIMULTANEQUSLY THUS GIVING A MAXIMUM BAND WIDTH OF 4 MILLION
WORDS PER SECOND, THE MEMORY 15 ORGANIZED INTD 32K BLOCKS,
THE MEMORY BLOCK STARTING ADDRESS MAY SWITCH UNDER PROGRAM
CONTROL FOR DYNAMIC RECONFIGURATION OF THE MEMORY SYSTEM IF ANY
32K BLOCK 1S FAILING, CONSISTENT WITH DYNAMIC RECONFIGURATION,
THE WIDTH OF THE MEMORY MAY ALSO BE PROGRAMMED, THAT IS, IT
MAY BE SET UP AT 1, 2 OR 4 WORDS WIDE SO THAT IN A 128K SYSTEM;
FOR EXAMPLE, IF ANY 32K BZLOCK SHOULD FAIL, IT MAY CONTINUE TO
OPERATE 2 BLOCKS SIMULTANEOUSLY WITH REDUCED I/0 PERFORMANCE,

THE DECSYSTEM 2060 OFFERS THE USER THE LATEST IMPROVEMENTS IN
OPERATING SYSTEM TECHNOLOGY INCLUDING PROCESS STRUCTURING OF
THE MONITOR S0 THAT THE MONITOR ITSELF MAY BE PAGED AND HENCE
INFREQUENTLY USED PORTION OF THE MONITOR NEED NOT TAKE UP
VALUABLE MAIN MEMORY SPACE, PROCESS STRUCTURING IN THIS
WAYLEADS TO A SMALL CORE RESIDENT REQUIREMENT, ROUGHLY 22K,
VIROS CREATES A DEMAND PAGING VIRTUAL. MEMORY ENVIRONMENT FOR
THE USER S0 THAT HIS PROGRAM MAY ACTUALLY EXCEED THE PHYSICAL
SPACE LIMITS. OF THE SYSTEM AND STILL RUN EFFICIENTLY,
ADDITIONALLY, VIROS PROVIDES PROCESS FORKING ALLOWING ONE JOB
(FORK) TO SPAWN SEVERAL PARALLEL TASKS (FURKS) WHICH CAN THEN
BE SCHEDULED FOR COMPLETION BY THIS MONITOR INDEPENDENTLY, THUS.
IMPROVING A SYSTEM IMPLEMENTORS, FLEXIBILITY AND  SYSTEM
EFFICIENCY, - R

VIROS ALSO OFFERS MULTIPLE COMMAND LANGUAGES, PRESENTLY, TWO
COMMAND LANGUAGES. ARE BEING OFFERED = TOPSe10 FOR COMPATIBILITY
WITH DECSYSTEM=10 AND VIROS WHICH IS A DERIVATIVE OF BBN'S
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TENEX, IN THE FUTURE, COMMAND LAGUAGES CAN BE EASILY ADDED TO
PROVIDE COMPATIBILITY WITH OTHER WIDELY USED OPERATING SYSTEMS
FOR  THE DECSYSTEM=10 TOPS=10 USERS, VIR0S PROVIDES EXTENSIVE
COMPATIBILITY FEATURES ALLOWING MOST TOPS~10 PROGRAMS TO RUN
UNMODIFIED UNDER VIROS AT SOME LOSS IN PROGRAM EFFICIENCY,

» TU16 MAGNETIC TAPE

+ 1600 BPI
« 45 IPS
+ RS04

+« 250,000 WORD CAPACITY
’ TRAN&F&R RATE IS 4 MICROSECONDS FOR 36 BIT WORD
o IT HAS. A LATENCY OF 8,3 Ms

« RPO4

100 MEGABYTE CAPACITY

.
+ AVERAGE ACCESS TIME 30 MS
» TRANSFER RATE §,6 MICROSECONDS PER 36 BIT WORD
«  LATENCY IS 8,3 M5

e TUTO

» YET TO BE DEFINED
(CONFIGURATIONS TO BE FILLED IN LATER)
ALL DATA IS TO BE CONSIDERED PRELIMINARY ARD WILL BE REFINED
AND EXPANDED A8 TIME PERMITS, THUS, THE DECSYSTEM=2060
SUPPLIES UNEQUALED PRICE PERFORMANCE IN THE MEDIAN TO HIGH
PERFORMANCE GENERAL COMPUTER MARKET, .

[END OF CH1801,SPC)
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STATUS:  THIS CHAPTER REFLECTS THE CHANGES MADE DURING
DEVELOPMENT OF THE 1080, BECAUSE THIS CHAPTER MENTIONS
UNANNOUNCED CAPABILITIES, IT IS COMPANY CONFIDENTIAL, THESE
CAPABILITIES ARE FLAGGED WITH #,

FILE: (EFS]CH1803,5PC
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SUPERSEDED MEMOS: DIFFERENCES BETWEEN KI AND KL HARDWARE =
' VERSION 2, T, HASTINGS, 24 MAY 73

SUPERSEDED SPECS:
ENGINEER: T, HASTINGS
APPROVED$

EDITORS T.‘,HA§TING$
TYPIST: M,PROUTY
REVIEWED: 21 MAY 74

ABSTRACT

THIS CHAPTER DESCRIBES THE DIFFERENCES BETWEEN THE KI AND THE
KL HARDWARE, A SHORT REASON FOR EACH DIFFERENCE IS USUALLY
GIVEN, IT IS NOT A SYSTEM DESCRIPTION, SO SOME OF THE
DIFFERENCES MAY NOT BE SUPPORTED BY SOFTWARE, THIS L1ST DOES
NOT GIVE DETAILS OF EACH DIFFERENCE, IT IS NOT A SUBSTITUTE
FOR FUNCTIONAL SPECIFICATIONS, INSTEAD, THE LIST IS AN INDEX
TO THE MORE DETAILED DOCUMENTATION, 1T ALSO SHOWS WHERE MORE
DETAILED DOCUMENTATION IS NEEDED, NEW ITEMS WILL BE ADDED TO
THIS LIST AFTER THEY HAVE HAD A DETAILED SPEC WRITTEN AND
APPROVAL HAS BEEN GIVEN, THUS, THIS LIST WILL SERVE AS A
RECORD OF THE APPROVAL FOR CHANGES, PROPOSED DIFFERENCES
APPEAR IN THE APPENDIX, ITEMS FLAGGED WITH # ARE NOT PRESENT
IN THE 1080, |

REVISION HISTORY



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 1,3 §A6E~2
COMPANY CONFIDENTIAL = DIFFERENCES FROM THE KI10 = REV 1

REV DESCRIPTION CHG NO  ORIG DATE APPD BY DATE



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 1,3
COMPANY CONFIDENTIAL = DIFFERENCES FROM THE K110 = REV 1

.0,

CONTENTS
1, SUMMARY OF MAJOR DIFFERENCES
2, NEW EXEC~USER INSTRUCTIONS
3, CHANGED EXEC~USER INSTRUCTIONS
4, DISCONTINUED EXEC~USER INSTRUCTIONS
5, NEW EXEC MODE ONLY INSTRUCTION
6, CHANGED EXEC MODE ONLY INSTRUCTION
7. DISCONTINUED EXEC MODDE ONLY INSTRUCTION
8, NEW IO DEVICE CODES
9, CHANGED 10 DEVICE CODES
10, DISCONTINUED 10 DEVICE CODES
11, DISK DIFFERENCES
12, CHANNEL DIFFERENCES
13, TAPE DIFFERENCES
14, OTHER IO DIFFERENCES
15, ADDRESSING DIFFERENCES
16, PAGING DIFFERENCES :
17, MISCELLANEOUS DIFFERENCES
‘18, ACCEPTED SIMILARITIES
19, REJECTED DIFFERENCES

PAGE 3

APPENDIX A = PROPOSED DIFFERENCES HEEQING SPEC: BEFORE APPROVAL
APPENDIX B = REVIEWED DIFFERENCES WHICH WILL BE INCLUDED ONLY

IF ROOM IN MICRO=CODE
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1, SUMMARY DOF MAJOR DIFFERENCES
1,1 FASTER THAN KI,
1,2 CHEAPER THAN KI,

143 SMALLER IN SIZE, TWO KL CABINETS HOLD WHAT REQUIRED 22
CABINETS ON KI, |

1,4 BUSINESS INSTRUCTION SET ADDED,

*1,5 EXTENDED ADDRESSING ADDED SO THE MONITOR CAN ADDRESS &M
ﬁQRDS AND THE USER CAN ADDRESS 8 M WORDS, FUTURE MACHINES CAN
HAVE UP TO 30«BIT ADDRESSES,

*1,6 GENERALIZED PAGING, HARDWARE (MICRO=CODE) HELPS WITH PAGE
REPLACFEENT ALGORITHMS AND WORKING SET QETERMINATIQN,

*1,7 INTERNAL MEMORY IS8 BUILT INTO PRGC@SSQR.‘ 4 WORD
REFERENCES ARE MADE IN PARALLEL,  EXTERNAL HhHGRY ALSOD
AVAILABLE INTERFACING OVER THE KI MEMORY BUS,

1,8 MEMQRX,ERFERENCES ARE CACHED, THE 2K CACHE HAS WRITEBACK
AND 4 WAY CONTENTION LOGIC,

*1,9 UP TO 8 MASSBUS CONTROLLERS. ARE BUILT IﬂT0 THE CPU,

1,10 UNIT RECORD EQUIPMENT AND COMMUNICATIONS GEAR WILL BE
ATTACHED TO A FRONT END PDP=11/40,

1,11 THE HARDWARE IS BEING DESIGNED FOR up 10 4 CrUS
HUhTIwPRQCESSQR TIGHTLY COUPLED CONFIGURATION, (NEEDS SOFTWARE
ARCHITECTURE WORK CURRENTLY NOT BUDGETED, )

1,12 MOST BUSSES AND DATA PATHS HAVE PARITY FGR BETTER ERROR
DETECTIGN

1 13 THE FRONT END CAN DIAGNOSE THE KL10,

1.14 THE MACHINE HAS A MICRO=CODE DESIGN, THE MICRO=CODE 18
LOADED AT SYSTEM STARTUP INTO A RAM,.

1,15 MANY DATA'RATH&.HAVE PARITY, ALSO RAMS. AND CACH&.

1,16 THE SYSTEM 1S BEING BUILT WITH LARGE MODULES, THUS  MANY
SIGNA&S TRADITIONALLY USED IN TROUBLE SHOOTING WITH A SCOPE
WILL NOT BE PRESENT ON THE BACK PANEL, THUS FIELD SERVICE WILL
RELY MORE ON ' THE DIAGNOSTICS TO DETECT WHICH BIG BOARD IS
FAILING THAN THEY DID ON THE KI10, (ON THE KI THE DIAGNOSTICS
PERFORMED MORE OF AN EXCERCISER RQLE WHILE FIELD SERVICE RELIED
ON THEIR SCOPES TO FIND BAD MDQULE&J,
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2, NEW EXEC/USER INSTRUCTIONS

2,1 EXTEND

PART OF BUSINESS INSTRUCTION SET (BIS), DECIMAL TO BINARY,
BINARY TO DECIMAL, STRING EDIT, MOVE, COMPARE, TRANSLATE, SEE
CHAPTER 2,10, EXTEND INSTRUCTION,

2,2 DADD, DSUB, DMUL, DDIV

PART OF BIS, DOUBLE PRECISION (70 BIT) INTEGER ADD, SUBTRACT,
MULTIPLY AND DIVIDE, SEE CHAPTER 2,4, BUSINESS INSTRUCTION
SET, : .

2,3 ADJSP

ADJUST PUSHDOWN STACK POINTER FORWARD AND BACKWARD,

2,4 JBYS

RESERVED FOR CALLING THE MONITOR, LIKE A UUD,
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3, CHANGED EXEC/USER INSTRUCTIONS
3,1 PUSH

IF RH(AC) ADDRESSES AC: AFTER INCREMENTING, KL STORES UPDATED
POINTER, DESTROYING COPY OF (E), KA, KI STORED POINTER THEN
COPY OF (E), WHICH CLOBBERED POINTER,

3,2 POP AC,AC

LEAVES DECREMENTED POINTER IN AC (LIKE PDP=6), KA, KI LEAVE
WORD FRODM STACK,

3,3 IBP (ADJBP)

IF AC FIELD IS NON=ZERO, THE BYTE POINTER 1I8. INCREMENTED OR
DECREMENTED BY THE NUMBER OF TIMES. SPECIFIED BY THE CONTENTS OF
THE AC, AND THE RESULT IS PLACED IN THE AC BUT NOT MEMORY, THE
KNEUMQNIC IS ADJBP WHEN AN AC FIELD IS SPECIFIED BECAUSE THE

OPERATION OF THE INSTRUCTION IS SO DIFFERENT,
3,4 MAP

NEED SPEC, NO LONGER LEGAL IN USER UNLESS IN USER 1/0 MODE,
3,5 DFDV

ROUNDS ON THE KL10 FOR: EXTRA NUMERIC ACCﬂRAQY, . TRUNCATES ON
THE KI10, ‘

3,6 FSC

ON THE® KA ANDP KI, IF FSC OVERFLOWS TOO FARy THE UNDERFLOW
(FXU) FLAG ALSO: GETS SET, ALSO, IF FSC UNDERFLOWS T0O FAR, THE
UNDERFLOW (FXU) FLAG IS NOT SET, ON THE KL, FXU GETS8 SET IF
AND ONLY  IF AN UNDERFLOW OCCURS, THIS SHOULD NOT CAUSE ANY
SERIOUS PROGRAM INCOMPATIBILITIES (EXCEPT DIAGNUSTICS),

3,7 FAD, FSB, FMP, FDV (=, M, B)

THESE INSTRUCTIONS SHOULD BE AVOIDED, BECAUSE ADDING A VERY
SMALL NEGATIVE NUMBER WILL ACTUALLY DECREASE THE RESULT BY 1 IN
THE LEAST SIGNIFICANT BIT, EXCEPT IF THE EXPONENTS DIFFER BY
MORE THAN 64 (KA,KI) OR 72 (KL), THE "ROUNDING" VERSIONS
(FADR, FSBR, FMPR, FDRV) ARE BETTER NUMERICALLY, WE CAN FIND
NO  PLACES WHERE THESE CANNOT BE REASONABLY REPLACED BY THE
CORRESPONDING ROUNDING INSTRUCTIONS, OUR FORTRAN, COBOL, AND
ALGOL COMPILERS ALL USE THE ROUNDING INSTRUCTIONS, THESE
INSTRUCTIONS ARE BEING IMPLEMENTED SOLELY SO THAT WE CAN SAY
THAT THE KL IS ”CGMPATIBLE” WITH KA AND KI,.
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3.8 DMDVEM, DMOVNM

ON THE KI, DMOVEM AC,AC+1 COPIES C(AC) TO AC+1 AND AC+2, ON
THE KL AC+!1 IS COPIED TO AC+2 AND AC IS COPIED TO AC+i, THIS
IS ACCOMPLISHED BY FETCHING BOTH OPERANDS BEFORE STORING EITHER
ONE, | , | |

3.9 DMOVE, DMOVN, DMOVEM, DMOVNM

ON THE KL, THESE INSTRUCTIONS ALWAYS FETCH OR STORE NEITHER QR
BOTH WORDS BEFORE AN INTERRUPT OR A TRAP CAN OCCUR, THEREFORE
THESE INSTRUCTIONS DO NOT SET OR TEST FIRST PART DONE FLAG,

3,10 DMOVN, DMOVNM

ON KI, NEGATIVE DOUBLE PRECISION INSTRUCTIONS NEVER SET ANY PC
FLAGS BECAUSE THEY ARE USED ONLY FOR DOUBLE PRECISION FLOATING
POINT NUMBERS, ON THE KL, THEY ARE ALSUO USED FOR DOUBLE
PRECISION INTEGERS, AN OVERFLOW ERROR CAN OCCUR IF: AN ATTEMPT
18 MADE TO NEGATE THE MOST NEGATIVE NUMBER (=2 TO THE 70TH
POWER), THEREFDRE ON THE KL IF THE SOURCE OPERAND IS NEGATIVE,
CRYO AND CRY1 ARE SET, EXCEPT IF THE SOURCE = 1B0/0 IN WHICH
CASE AROV AND CRYO ARE SET, ’

3,11 JRST (PORTAL, JRSTF, HALT, JEN)

THE AC FIELD OF THE JRST INSTRUCTION WILL BE: DISPATCHED ON BY
THE MICRO CODE, THE ONLY VALID AC FIELD COMBINATIONS WILL BE:

AC FIELD MNEUMONIC
0 JRST
1 PORTAL
2 JRSTF
4 HALT :
* 5 RPCF RESTORE PC: AND FLAGS.
* 6 RPCFD RESTORE PCy FLAGS AND DISMISS
* 7 EPCF EXCHANGE PC: AND FLAGS
12 ' JEN '
* 14 SFM SAVE FLAGS IN MEMORY

ANY COMBINATIONS OF THE ABOVE WILL TRAP ON KL, ' THE KA AND KI
PERFORMED. THE OR OF THE INDICATED FUNCTIONS,

3,12 MOVXA MOVE EXTENDED ADDRESS |

MOVXA WORKS LIKE MOVEI, EXCEPT THE LH OF THE AC IS SET TO THE
EFFECTIVE SECTION NUMBER, THE OPCODE IS SETMI WHICH WORKS AS
ON THE KI IN SECTION O, ~ ' '

3,13 BLT

THE AC OF BLT IS ALWAYS UPDATED WITH A COPY OF THE POINTER USED
FOR THE LAST TRANSFER WITH BOTH HALVES INCREMENTED, THIS 18
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DONE JUST BEFORE THE FIRST WORD IS TRANSFERRED SO THAT BLT
17,17 STILL WORKS TO RESTORE ALL OF THE ACS, THIS CHANGE IS
INTRODUCED SO THAT BLT ALWAYS LEAVES THE ACS THE .SAME NO MATTER:
WHETHER AN INTERRUPT OCCURRED OR NOT, THIS DOES NOT CATCH BUGS
OF THE FORM BLT A, N (A), '
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4, DISCONTINUED EXEC/USER INSTRUCTIONS
4,1 UJEN (100)

NOT AVAILABLE ON KL TO DISMISS REALTIME INTERRUPTS AS IT WAS
NOT ON KI, UJEN IS AVAILABLE ONLY ON KAS, ’

4,2 UFA, DFN, FADL, FSBL, FMPL, FDVL ARE PROVIDED ON THE KL10O
- ONLY FOR COMPATIBILITY WITH THE KA10, (KA10 SOFTWARE USES THEM
TO SIMULATE DOUBLE PRECISION FLOATING  POINT), THESE
INSTRUCTIONS MAY BE DELETED ON THE KL10 AT SOME FUTURE TIME AND
MAY NOT BE IMPLEMENTED ON A SUCCESSOR MACHINE AT ALL, THESE
INSTRUCTIONS SHOULD BE USED ONLY FOR KA10 DOUBLE PRECISION
COMPATIBILITY, MOST OF DEC SUPPORTED SOFTWARE CONDITIONALLY
ASSEMBLES KA OR KI/KL VERSIONS OF DOUBLE PRECISION FLOATING
POINT, SOFTWARE SIMULATION OF DOUBLE PRECISION FLOATING PODINT
ON A KI OR KL USING THESE INSTRUCTIONS RUNS A FACTORS OF 8
SLOWER THAN USING THE KI OR KL, DOUBLE PRECISION FLOATING PUINT
INSTRUCTIONS, A SECOND REASON FOR PHASING THESE OUT 1S TD SAVE
MICRO CODE SPACE, ' ‘ .

Ss NEW EXEC MODE ONLY INSTRUCTIONS

NONE, SEE NEW DEVICES CODES. SOME 1I/0 INSTRUCTIONS TO THE
INTERNAL ~ DEVICES  REALLY PERFORM - ARBITRARY FUNCTIONS NOT
NECESSARILY RELATED TO THE INTERNAL DEVICE, SEE CHAPTER 2,5,
INTERNAL DEVICES, ' ’

6. CHANGED EXEC MODE ONLY INSTRUCTIONS

641 EXECUTIVE XCT HAS BEEN RENAMED PXCT (PREVIOUS = CONTEXT
XCT), PXCT ~ PERMITS INDEXING IN PREVIOUS CONTEXT, THE
DEFINITIONS OF BITS 912 OF PXCT INSTRUCTION HAVE CHANGED FROM
K1, " ,

7+ DISCONTINUED EXEC MODE ONLY INSTRUCTIONS
NONE,
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8, NEW 10 DEVICE CODES

8,1 MTR = ACCOUNTING METERS

SEE CHAPTER 2,7, KL10 PROGRAM CLOCKS (TIM,MIR),

842 TIM |

INTERVAL TIMER, TIME BASE, AND PERFORMANCE RNALYSIS COUNTER,
SEE CHAPTER 2,7, KL10 PROGRAM CLOCKS (TIM, MTR),

8,3 DTE0, DTE1, DTE2, DTE3
10/11 INTERFACE, SEE CHAPTER 4,3, 10/11 INTERFACE = DTE20.
*#8,4 MBCO,,, ,MBC7

MASSBUS CONTROLLER, SEE CHAPTER 4,1, MASSBUS CONTROLLER = RH20

845 CCA = CACHE SWEEP

9, CHANGED 10 DEVICES CODES
9,1 APR

BITS REARRAHGED; MADE MORE REGULAR, NO 60 CYCLE LINE FREQUENCY
INTERRUPT, SETS ADDRESS CQMPAKE REGISTER,

9.2 PI
SOME FUNCTIONS DROPPED AND SOME HAVE MOVED TO APR
9.3 PAG

SOME CHANGES, INCLUDING NEW, KL PAGING,

10, DISCONTINUED IO DEVICE CODES
10,1 cTY

CONSOLE TTY = MUST USE =11 INSTEAD,
10,2 PIR

PAPER TAPE READER = NQNE PROVIDED, EVEN IN FRQ&T END, DATAD
PTR, NO LONGER SETS ADDRESS BREAK, SEE APR,

10,3 PTP
PAPER TAPE PUNCH = NONE PROVIDED, EVEN IN FRONT END,
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#11, DISK DIFFERENCES. FROM RP10 TO RH20

11,1 DISK, DRUM, AND TAPE WILL BE ATTACHED: TO ONE OR MOKRE
MAS&&HS CONTROLLERS, SEE CHAPTER 4,1, MASSBUS CONTROLLERS
(RH20) AND CHANNELS (MBOX),

11,2 UP TO 8 MEMORY CHANNEL/CONTROLLERS CAN BE ATTACHED TO THE
$YSTEM EACH CONTROLLER MUST HAVE ITS OWN CHANNEL (UNLIKE THE
DF10), THESE'CﬁAﬁNELSiARE BUILT INTO THE CPU,

11,3, EACH CONTROLLER CAN HAVE UP TO 8 DEVICES, FOR MAGTAPE A
DEVICE IS THE FORMATTER WHICH IN TURN CONTROLS UP TD 8 SLAVE
DRIVES, THE MAXIMUM DISK, DRUM, AND FORMATTER DEVICE$ 1S 8%8 =
64 PER SYSTEM,

11,4 BECAUSE THE SAME CONTROLLER CAN CONTROL THE THREE
DIFFERENT TYPES OF DEVICES, A GREATER ~NUMBER OF SUPPORTED
CONFIGURATIONS IS POSSIBLE, FOR EXAMPLE, THE CHEAPEST SYSTEM
COULD HAVE ONLY ONE CONTROLLER FOR BOTH DISKS AND MAGTAPE
ALTHOUGH TH1S MAY NOT BE SUPPORTED BY SOFTWARE,

11,5 BECAUSE THE CONTROLLERS ARE SO LOW IN COST (THE DEVICE
DSPENDENT COMPLEXITY IS IN EACH DEVICE), IT IS MORE LIKELY
THERE WILL :BE MORE THAN ONE DISK CHANNEL, IF THERE ARE
CHANNELS AND N DRIVES, N/M DRIVES WILL BE ATTACHED TO EACH
C@AKNEL. THE SAME FOR DRUMS, THIS WILL IMPROVE THE THRUPUT,

11,6 IT WILL BE EASIER TO CONFIGURE A SYSTEM WHICH EXCEEDS THE
BANQ&IDTH OF THE MEMORY, ~THE SOFTWARE MUST DO BANDWI&TH
SCHEDULING OF CHANNELS AND MEMORY,

11,7 THE CONTROLLER HAS A BACKUP COMMAND REGlsTER; 80 THE
SQFTWARE CAN SWITCH TRACKS BETWEEN SECTORS,

11,8 SEEKS CAN BE INITIATED ON DRIVES DURING A DATA TRANSFER ON
ANGTHER DRIVE,

11,9 SEEK COMPLETION INTERRUPTS CAN BE ENABLED OR DISABLED
DURING A DATA TRANSFER,

11,10 RPO4 HAS ECC: CURRECTIUE HARDWARE waxca COMBINED WITH
SQFTNARE CAN CORRECT 11 BIT BURST ERRORS,

11,11 RPO4 HAS HEAD OFFSET ERROR RECOVERY HARDWARE,

11,12 PDP=10 OR PDP=11 FORMAT RP04 PACKS CAN BE READ OR WRITTEN
ON THE PDP=10 (RH20) OR THE PDP=11 (RH11), PDP=1il 16 BIT WORDS
(BITS 15=0) COME INTO PDP=10 BITS 2=17 AND 20=35, SINCE PDPw11
INCREMENTS BYTES FROM RIGHT TQ LEFT, BYIE DATA AFPEARS REVERSED
WITHIN EACH HALF =10 WORD,

11,13 PARITY ON MASSBUS CONTROL BUS, SO SOFTWARE HAS TO CHECK
FQR ERRORS IN COMMANDS AS ﬁﬂbh.
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11,14 RP04 HAS UNLDAD CAPABILITY,

11,15 SOFTWARE MUST ACKNOWLEDGE THAT PACK HAS BEEN MOUNTED BY
SETTING VOLUME VALID BIT AFTER A POWER ON INTERRUPT FROM RP04
DRIVE,

11,16 RPO4 HA& AUTOMATIC RECALIBRATE TO 0 ON SEEK INCUMPLETE,

11,17 RPO4 HaS  MID TRANSFER SEEK CAPABILITY (SPIRAL
READ/WRITE), USED BY SIMPLE MINDED SOFTWARE ONLY, '

11,18 RP04 HAS IMPLIED SEEK (BUT THIS TIES UP THE CONTROLLER SO
PBP*lO WILL NOT USE), USED BY SIMPLE MINDED SOFTWARE ONLY.

11,19 RpPO4 HAS DUAL PORT OPTION,

11, 20 MASSBUS. CONTROLLER IS DESIGNED $0 THAT TWO OF THEM CAN BE
ELECTRICALLY CONNECTED TO ONE MASSBUS, THE SOFTWARE MUST
ENABLE ONE AND DISABLE THE OTHER, 1T IS INTENDED FOR FAILSAFE
RECOVERY, RATHER THAN DYNAMIC SWITCHING. ‘

11,21 CGMMAND LIST MUST RUN OUT ON A SECTOR BOUNDARY, ELSE AN
ERRQR BIT, THIS HELPS INSURE THAT WORDS DO NOT GET ADDED. OR
DROPPED, ‘PARTIAL SECTORS CAN BE READ AND WRITTEN BY FILLING
OUT WITH ANOTHER I0WD WITH BITS 14=35 ZERO,

11,22 THE CONTROLLER HA$ A BACKUP COMMAND REGISTER SD THAT A
NEW COMMAND ON A DIFFERENT TRACK CAN BE INITIATED DURING A
SECTOR GAP TIME, THIS. SHOULD DOUBLE THRUPUT ON HEAVILY LOADED
SYSTEMS. BECAUSE RANDOM CONSECUTIVE bECTGRS CAN BE: READ AND
WRITTEN,

11,23 RH20 DOES NOT PROVIDE READ=IN, MUST BE DONE BY THE FRONT
END =11, |
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%12, CHANNEL DIFFERENCES

12,1 KI DF10 DEVICES REQUIRE FLUSHING  THE CACHE BEFORE AND~
AFTER THE TRANSFER, SINCE THE DF10 CAN NOT ACCESS THE CACHE,
[A, KOTOK, KL10 CACHE, OCT 19) SINCE MOST USER PROGRAMS. DO NOT
MOVE BUFFERS AROUND, TOPS10 CAN SWEEP THE CACHE ON THE FIRST
USE OF THE BUFFER AND TURN OFF CACHE BIT FOR THAT PAGE, THIS
WILL IMPROVE I0 THRUPUT AT THE EXPENSE OF CPU TIME, BUT SHOULD
KEEP SYSTEM BALANCEQ.

12,2 THE CHANNEL COMMAND LIST HAS 22 BIT ADDRESSES ONLY,

12,3 ADDRESS BITS 14+35 SPECIFY THE FIRST ADDRESS, NOT FIRST
ADDRESS =1,

12,4 THE WORD COUNT IS SPECIFIED IN BITS 3=13 INSTEAD OF 0=17,

12,5 WORD COUNT BITS 3+13 SPECIFY THE POSITIVE NUMBER OF WORDS,
sor THE NEGATIVE, ’

12,6 THE CHANNEL CAN READ REVERSED (BIT 2 = 1),

12,7 THE LAST I0WD CAN OPTIONALLY SPECIFY HALT AT END (BIT 1 =
1) RATHER THAN REQUIRING ANOTHER COMMAND WORD OF ALL ZEROES TO
BE FETCHED, THIS HELPS REDUCE CHANCES OF MISSING LATENCY WHERE
THE NEXT COMMAND IS WAITING,

12,8 THE JUMP WORD FORMAT REQUIRES BITS (=2 TO BE 2,

12,9 ERROR STATUS INFORMATION IS STORED IN THE EPT,

12,10 IF BITS 14=35 ARE 0, THE READ OPERATION SKIPS AND THE
WRITE OPERATION WRITES ZEROES,
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*13, TAPE DIFFERENCES

13,1 DECTAPES (TU56) ON THE =11 WILL. BE USED FOR BOOTSTRAP,
FOLLOWING DEC STANDARD FOR PDP=10 (SIC) TAPES, PDP»11 FORMAT
TAPES WILL NOT BE USED, THUS THE TAPES CAN BE WRITTEN DURING
TIME SHARING ON SYSTEMS WHICH HAVE TUS6 ON DIA20 I/0 BUS
ADAPTER, NOTE: NO TIME SHARING SUPPORT IS PLANNED FOR ~11
TUS566, ' ‘ ’ '

13,2 MAGTAPE CAN READ AND WRITE BACKWARDS, THE DATA WILL END
UP - IN MEMORY INDEPENDENT OF THE DIRECTION PROVIDED THE MONITOR

- SETS UP THE COMMAND LIST TO POINT TO THE BEGINNING OF BUFFER

FOR FORWARD AND THE END FOR BACKWARD, THE RECORD MUST EVENLY
FILL THE LAST WORD OF THE CORE BUFFER, o

13,3 MAGTAPE HAS A NEW MODE, CALLED ASCII, ALL 36 BITS ARE
WRITTEN ON THE TAPE IN FIVE FRAMES, BIT 35 IS WRITTEN AS THE
HIGH ORDER BIT OF LAST FRAME, THUS, THIS MODE CAN REPLACE CORE
DUMP MODE AND INDUSTRY COMPATIBLE MODE FOR MOST 9=TRACK PE
TAPES, THE FOUR MODES IN FORWARD AND 3 MODES REVERSE WILL BE
DONE BY A SPECIAL PDP=10 MICRO PROGRAMMED BIT FIDDLER BOARD,
THE PDP=11 WILL HAVE SIMILAR BUT SIMPLER AND CHEAPER BOARD,
THE TU16 MASTER WILL DIFFER BETWEEN =10 AND =11 ONLY IN THIS
BOARD, ,

13,4 BACKUP REGISTER 1IN RH20 CANNOT BE USED FOR  TAPE
OPERATIONS,  SOFTWARE MUST RESPOND TO INTERRUPT WITHIN 1
MILLISECOND AS ON KI IN ORDER TO KEEP THE TAPE FROM SHUTTING
DOWN,
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14, OTHER 10 DIFFERENCES

14,1 NO DK10, INSTEAD KL WILL HAVE BUILT~IN. REAL TIME CLOCK
WITH INTERNAL DEVICE CODES TIM AND MTR,

14,2 THE KL10 WILL HAVE A BUILT=IN 52 BIT TIME BASE CLOCK
(TIM), -

14,3 THE KL10 WILL HAVE A BUILT=IN ACCOUNTING METER TO COUNT
EBOX USEFUL TIME AND MBOX REFERENCES,

14,4 THE KL10 WILL HAVE BUILT=IN PERFORMANCE ANALYSIS COUNTER
(MTR) FOR FINDING HARDWARE AND SOFTWARE BOTTLENECKS,

14,5 NO LINE FREQUENCY CLOCK, PDP=11 WILL DD TIME OF DAY,
14,6 UNIT RECORD EQUIPMENT WILL BE ON THE 11,

14,7 THERE WILL BE NO CTY, PTR, OR PTP BUILT INTU THE
PROCESSOR,  ALL STAND=ALONE PROGRAMS WILL USE A COMMON ROUTINE

TO TALK TO A TERMINAL ON THE 11,

14,8 THERE WILL NOT BE AN I0 BUS, UNLESS A CUSTOMER BUYS AN 10
BUS ADAPTER (DIA20), ”

14,9 THE 10/11 INTERFACE IS QUITE DIFFERENT FROM THE DL10 FROM
A PROGRAMMING POINT OF VIEW, 1IT 1S SIMPLER, HAS HIGHER THRUPUT
AND REFLECTS WHAT WE LEARNED FROM THE DL10/DC75 PROJECT,
TRAFFIC ON THE INTERFACES STEALS TIME FROM THE CPU INSTEAD OF
ONLY COMPETING FOR MEMORY CYCLES, SEE CHAPTER 4,3, FRONT END
INTERFACE (DTE20),

14,10 UP TO 4 PDP=11S CAN BE ATTACHED TO THE KL10, EACH WITH
ITS OWN 10/11 INTERFACE, v

‘14,;1 UP TD 4 DTE20S CAN BE CONNECTED TO A SINGLE UNIBUS,

14,12 CPU DOES NOT PROVIDE READ=IN FUNCTION, THE FRONT END
MUST PROVIDE | /

14,13 A SPECIAL PRIORITY LEVEL OF 0 HAS BEEN INTRODUCED FOR THE
DTE20, ~ IT HAS HIGHER PRIORITY THAN 1=7, IS NOT DISABLED WHEN
THE PI SYSTEM IS TURNED OFF, AND WORKS EVEN IF THE KL10 IS IN A
HALT LOOP, IT IS USED FOR EXAMINES, DEPOSITS AND BYTE
TRANSFERS, '

14,14 PROGRAM INTERRUPT DEVICE PRIORITY IS DETERMINED BY DEVICE
NUMBER AT 'A GIVEN PI LEVEL. THE ORDER IN DECREASING PRIORITY
153 MBCO, .., , MBC7, DTEO, ..s, DTE3, DIA20, (KI 1/0 BUS),
KA, PDP=6 DEVICES,

14,15 IF KL HALTS AND THEN CONTINUES, AN AOSA INSTRUCTION IN AN
INTERRUPT LOCATION, WILL LOSE ONE COUNT IF INTERRUPT REQUEST
HAPPENS AFTER MACHINE HALTS, ' "
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15, ADDRESSING DIFFERENCES

*#15,1 EXTENDED ADDRESSING HAS BEEN ADDED SO THAT A PRUCESS CAN
ADDRESS. 8 MILLION WORDS IN USER MODE AND 8 MILLION WORDS: IN
EXEC MODE, THIS IS DONE BY CREATING 32 ADDRESS SPACE SECTIUNS,
EACH 256K LONG FOR EACH MODE, SEE CHAPTER 2,2 USER INTERFACE
TO EXTENDED ADDRESSING, FUTURE MACHINES MAY HAVE UP TD 30«BIT
ADDRESSES TO GIVE 1 BILLION WORDS, ' '

15,2 SHADOW MODE AC REFERENCES ARE NOT PERMITTED, INSTEAD, THE
MONITOR WILL USE PXCT WITH 2 BLOCKS OF ACS, FOR MONITORS WHICH
RESCHEDULE IN EXEC MODE, THIS WILL REQUIRE 2 AC BLOCK SAVES AND
RESTORES ON EACH CONTEXT SWITCH INSTEAD OF i, THE KI AC STACK
POINTER IS NOT NEEDED ON THE KL AND IS NOT PROVIDED, RECURSION
1S HANDLED BY BLTING AC BLOCKS, THIS WAS DONE SO THAT
EFFECTIVE ADDRESS CALCULATION IN CALLING CONTEXT WOULD NEVER
NEED TO REFERENCE MEMORY FOR INDEXING, o

15,3 THERE WILL BE 8 AC BLOCKS (0 = 7), AC BLOCK 7 IS RESERVED
FOR THE MICRD=CODE,  TRAPS TU EXEC MODE DO NOT CHANGE THE AC
BLOCK #, THUS BLOCKS 0=6 CAN BE USED BY THE SOFTWARE,

15,4 NEW REGISTERS
¥ PCS (PREVIOUS CONTEXT SECTION) = 5 BITS

PAC (PREVIOUS AC #) = 3 BITS
CAC (CURRENT AC #) = 3 BITS
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16, PAGING DIFFERENCES

16,1 THERE WILL BE TWO TYPES OF PAGING PROVIDED ON THE MACHINE,
KL#=PAGING AND KI=PAGING, KI»PAGING 18 VERY SIMILAR TO THE
PAGING ON THE KI CPU, THE TWO TYPES OF PAGING WILL BE SELECTED
BY LOADING THE APPROPRIATE VERSION OF THE MICRO=CODE, A STATUS
BIT, "KI PAGING", WILL BE ON A 1 IF KI PAGING ANpD 0 IF KL
PAGING, SEE CHAPTER 2,8, PAGING, KL=PAGING INCLUDES: '

A, SHARED POINTERS

Bs INDIRECT POINTERS

C, REFERENCE STRING HARDWARE SUPPORT
D, CORE STATUS TABLE

E. ALL OF EXEC VIRTUAL CORE IS MAPPED,

16,2 PAGE FAIL TRAPS WILL STORE THE PAGE FAIL WORD AND PC' IN
THE UPT AND WILL LOAD PC FROM UPT INSTEAD OF EXECUTING AN
INSTRUCTION IN THE UPT, THIS MAKES IT EASIER FOR A MONITOR
CALL TO TAKE A PAGE TRAP, LOCATIONS 420, 426, AND 427 ARE
CHANGED ACCORDINGLY,

16,3 INSTEAD OF A SET OF SEPARATE PAGE FAIL LOCATIONS DEPENDING
ON EXEC/USER MODE, THERE WILL BE ONLY ONE, THERE IS NO NEED
FOR TwO, ' " ’

16,4 MULTI-PROCESSING SOFTWARE MUST TURN OFF THE CACHE (C) BIT
FOR SHARED DATA PAGES, THE CACHE BIT IS THE LAST SPARE BIT IN
THE 18=BIT PAGE MAP ENTRY,

16,5 IN BOTH KI AND KL PAGING, ALL OF THE EXEC ADDRESSING SPACE

IS MAPPED,

16,6 THERE IS NO SMALL USER BIT, MOST PROGRAMS WILL USE PAGES
AT TOP OF VIRTUAL CORE,

16,7 A8 A PIECE OF PHILUSOPHY, KL PAGE MAPS ARE ASSOCIATED WITH
SECTIONS (DOMAIN INCARNATIONS) RATHER THAN PROCESSES, EACH
PROCESS (MAP) HAS A LIST OF 32 POINTERS TO THE USER SECTION
MAPS. AND 16 POINTERS TO THE EXEC: PER PROCESS MAP, THE EXEC MAP
HAS 16 EXEC: PER CPU PDINTERS, EACH SECTION MAP IS A FULL PAGE
WITH FULL WORD ENTRIES, o

16,8 THE PAGE FAIL WORD SPECIFIES THE ENTIRE 23 BIT VIRTUAL
ADDRESS. INCLUDING THE SECTION NUMBER, NOT JUST VIRTUAL PAGE,
THE FAIL CODE HAS MOVED TO BITS 0e5,

16,9 A NUMBER OF NEW LOCATIONS HAVE BEEN ADDED TO THE EPT, SEE
CHAPTER 2,9, EXEC: AND USER PROCESS TABLES (EPT, UPT), THEY
ARE} ‘ '
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1, 0«37  RH20 CHANNEL LOGOUT AREA
2, 6063 CHANNEL FILL WORDS

3, 64=137 RESRVED FOR FUTURE DEC' HARDWARE

4, 140+177 DTE20 AREA

5, 510514 SYSTEM CLOCK AND TIMER LOCATIONS

6, 600=757 EXEC MAP FOR PAGES 0=337 IS KI MODE,

16,10 A NUMBER OF NEW LOCATIONS HAVE BEEN ADDED TQ THE UPT,
SEE CHAPTER 2,9, EXEC AND USER PROCESS TABLES (EPT, UPT), THEY"
ARE3

* 1, 440477 USER SECTION TABLE

2, 426 PROCESS CONTEXT WORD
3, 504+507 PER PROCESS ACCOUNTING METER LOCATION

16,11 A NEW INSTRUCTION (INTERNAL DEVICE CODE) WILL ALLOW THE
OPERATING SYSTEM TO INVALIDATE A SPECIFIC ENTRY IN THE PAGING
MEMORY, THUS THE MONITOR CAN CHANGE A SINGLE ENTRY IN A PAGE
MAP WITHOUT CLEARING ALL OF THE PAGING MEMORY AND SUFFERING THE
MICRO=CODE OVERHEAD OF REFILLING IT AGAIN,

17, MISCELLANEOUS DIFFERENCES

17,1 THERE ARE NO LIGHTS AND SWITCHES, AN ADDRESS COMPARATOR
REGISTER CAN BE LOADED FROM THE 10 (DATAD APR) FOR ADDRESS.
BREAK, NO ADDRESS STOP IS POSSIBLE,

17,2 THE =11 CAN EXAMINE AND DEPOSIT DIRECTLY INTO THE =10
MEMORY BY INTERRUPTING THE =10 MICRO CODE, THE =11 CANNOT GET
THE =10 PC, EXCEPT IN MAINTENANCE MODE, THE =11 CAN READ THE
STATE OF THE PI SYSTEM (LEVELS IN PROGRESS, Pl ON) AS WELL AS
CPU RUN FLOP (NOT HALTED) AND EBOX CLOCK RUNNING WHILE THE
SYSTEM RUNS OVER THE DS LINES,

17,3 POWER FAIL CONTINUE REQUIRES MORE SOFTWARE THAN ON THE KI,
CACHE MUST BE DUMPED (700 MICROSECS MAX 4eWAY INTERLEAVE, MORE
IF LESS INTERLEAVE) AND MICROCODE RELOADED,

17,4 POWER FAIL RELOAD AND RESTART IS NOT IN KL, PDP=i1 POWER
FAIL RESTART OPTION MUST BE USED, DOES IT HAVE RESTART OPTION?
NOTE: POWER FAIL RELOAD IS MUCH EASIER IN HARQNARK THAN
COMPLETE CONTINUE FROM FAILURE HALT,

17,5 MICRO=CODE MUST BE LOADED FROM =11 BEFDRE. SYSTEM CAN BE
GTARTED. THE TU36 DECTAPE WILL: BE USED: FOR THIS,
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17,6 NO MI. REGISTER, SENSE SWITCHES, PDP=11 CAN SIMULATE,
17,7 NO VOLTAGE MARGINS,

17,8 COMPREHENSIVE DIAGNOSTIC MODE SO KACHINE CAN BE DIAGNOSED
?ROM THE =1ii,

179 UP TO 4 KL PROCESSORS CAN BE,.ATTACKEQ‘ TOGETHER IN A
TIGHTLY COUPLED SYSTEM, INSTEAD OF 2 (KI MEMORY LIMIT WAS 2),

17,10 THE SYSTEM HAS TWO KINDS OF MEMORY3 INTERNAL. AND
EXTERNAL, INTERNAL 1S FASTER AND CHEAPER THAN EXTERNAL,
INTERNAL MEMORY HAS ONLY ONE PORT, THE CACHE MULTIPLEXES ITS
CPU: AND MASSBUS CONTROLLERS INTO THIS SINGLE PORT, DF10
CHANNELS CAN ONLY TALK TO EXTERNAL MEMORY,  INTERNAL MA20
MEMORIES ARE 16K SENSE, IN FUTURE INTERNAL MB20 WILL BE 32K
SENSE, A MAXIMUM OF 256K OF MA20 OR 512K OF MB20 Is POSSIBLE,
THE REST OF MEMORY UP TO 4M WORDS MUST BE EXTERNAL, A TIGHTLY
COUPLED, SHARED MONITOR, MULTI-PROCESSING SYSTEM MUST HAVE
EXTERNAL MEMORY FOR SHARED PAGES, FOR BEST PERFORMANCE SYSTEMS
SHOULD BE 4~WAY INTERLEAVED, INSTEAD OF REQUIRING OPERATOR
INTERVENTION, THE SOFTWARE CAN CHANGE THE INTERNAL MEMORY
INTERLEAVING AND ADDRESSES. NO HAND SWITCHES ARE ENVISIUNED.,
[NEED SPECIFICATIONS], ALSO, THE SOFTWARE MUST BE PREPARED T0
RUN WITH NON=CONTIGUOUS INTERNAL MEMORY, HENCE THE FULL MAPPING
OF EXEC CORE,

17,11 PRESENT EXTERNAL MEMORY ARE ME10 AND MF10 MEMORY WITH
RECONFIGURATION SWITCHES, EXTERNAL MEMORY MUST BE RECONFIGURED
BY THE OPERATOR USING MEMORY ADDRESS SWITCHES,

17,12 THE INTERNAL MEMORY WILL HAVE ADDRESS PARITY AS WELL AS
DATA PARITY, '

17,13 THE FOLLOWING OTHER PARITY CHECKS ARE ALSO PROVIDED:
1, FAST MEMORY (ACS)
2, DTE20 TO EBOX (BYTE TRANSFER DATA, DEPOSIT DATA)
3, EBOX TO DTE20 (BYTE TRANSFER DATA, EXAMINE DATA)
4, CACHE DATA RAMS
5, CACHE ADDRESS RAMS
6, PAGING RAMS |
7, CHANNEL TO RH20
8, RH20 TO MASSBUS DEVICES
9, UNIBUS (DTE20 ONLY SO FAR)
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17,14 UNLIKE KA, KI, NXM CAN CAUSE PARITY TRAP (FF CODE 36 OR
37).
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18, ACCEPTED SIMILARITIES

18,1 THE KL WILL DO THE SAME AS KI WITH INSTRUCTIONS IN AN
INTERRUPT OR A TRAP. LOCATION, EVEN THOUGH THIS MAY COST
SOMETHING, |

18,2 JSYS WILL: TRAP LIKE ANY OTHER ILLEGAL INSTRUCTIHN, JSYS
WIQ& BE USED TO CALL VIROS, '

18,3 THERE WILL BE NO PC OVERFLOW TRAP WHEN A PROGRAM RDRS OFF
THE END OF A SECTION, THE PC STAYS IN THE SAME SECTION AND
WRAPS AROUND TOD THE ACS, - '

18,4 DECTAPES WILL BE AVAILABLE ON THE =10 WITH THE 10 1/0 BUS
ADAPTER (DIA20) OR ON THE =11, MOST SYSTEMS WILL NOT HAVE
DECTAPES, THE SOFTWARE IS NOT CURRENTLY PLANNING TO SUPPORT
THE DECTAPE DRIVES ON THE =11 DURING TIME SHARING,

18,7 MAGTAPE FORMATTER (TU16) PROVIDES INDUSTRY COMPATIBLE 10
CORE DUMP, AND TRACK FORMAT FOR NRZI AND PE TAPES, AND 9
CHANNEL, |

18,8 SERIAL NUMBER WILL START AT 1025 (DECIMAL),

18,9 PROPRIETARY VIOLATION WILL CONTINUE TO TRAP ON NEXT
INSTRUCTION FETCH AND IS THEREFORE A NON=RECOVERABLE ERROR,
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19, REJECTED DIFFERENCES

19,1 INTERRUPTS WILL NOT STORE PC 40+2%N AND LOAD PC FROM
C(él*Z*ﬁ).‘

19,2 TRAP ON UNUSED FIELDS OF INSTRUCTIONS WILL NOT BE DONE
BECAHSE OF HIGH COST OF INVALIDATING EXISTING PROGRAMS, (ALL
UNUSED FIELDS OF NEW INSTRUCTIONS WILL TRAP, SO NEW FUNCTIONS
CAN BE ADDED,)

POPJ BITS 18=35

AC FIELD OF XCT

AC FIELD OF JSR

BITS 0«12 INDIRECT ADDRESSES (BECAUSE OF $UFTWARE
MANUAL FLAGS

19,3 TU16 WILL HAVE ADDRESS PLUG FOLLOWING DRIVE SELECTION
STA&D&RB. SINCE MASTER DRIVE (FORMATTER) IS. THE ONLY MASSBUS.
DEVICE AND HAS A FIXED DEVICE NUMBER WITH RESPECT TO THE
CONTROL, PULLING ADDRESS PLUGS CAN NEVER CONFLICT WITH OTHER
MASSBUS DEVICES LIKE DISK,

19,4 EXEC' AND USER SECTIONS ARE NOT INDICATED IN AN ADDRESS
WlTH A BIT SO THAT EXTENDED ADDRESSES WOULD BE INDEPENDENT OF
THE EXEC/USER MODE OF THE CPU,

19,5 DO NOT DO EXTENDED ADDRESSING BY HAVING 4 USER LOADABLE
SECTION NUMBER REGISTERS SPECIFIED BY BITS 18 AND 19 OF
ADDRESS, THIS WOULD BE MORE EFFICIENT THAN SXCT FOR LOOPS (T,
HASTINGS MEMO],

19,6 DO NOT IMPLEMENT FULL SEGMENTATION USING SYSTEM WIDE
SEGMEHT NUMBERS (M, SPIER MEMO],

19,7 JSYS WILL CONTINUE AS AN ILLEGAL INSTRUCTION,
19,8 JUMP. TRACE REGISTER WILL NOT BE INCLUDED,

19,9 BYTK POINTERS WILL NOT BE ABLE TO CROSS WORD PBOUNDARIES
(WHEN BIT 12 = 1),

19,10 BLT BACKWARD WILL NOT BE DONE (IF. E 18 LESS THAN
DESTINATIDN ADDRESS), SINCE IT BREAKS Tﬂﬂ MANY PRQQRAMS,
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APPENDIX ‘A = PROPOSED DIFFERENCES NEEDING A SPEC BEFORE
APPROVAL
Ayl PORTAL INSTRUCTION MUST BE IN A READ ONLY PAGE,

A2 DRUM SPLIT-LIKE SOLUTIONS TO DRUM OVERRUN PROBLEM,

APPENDIX B = REVIEWED DIFFERENCES WHICH WILL BE INCLUDED ONLY
IF ROOM IN MICRO=CODE AND A SPEC APPROVAL,

Bel CAL, RET, VAL, PUSHM FOR SUBROUTINE CALLING,

B,2 SPEEDING UP STRING TO INCLUDE A WAY T0O DO A BYTE BLOCK
TRANSFER WHICH ONLY REFERENCES EACH WORD ONCE,

[END OF CH1803,SPC)
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1, INTRODUCTION
THIS CHAPTER ADDRESSES THE GOALS AND: STRATEGIES FOR MAINTENANCE
OF THE SYSTEM, BECAUSE THIS 1S A SYSTEM QUESTION, IT WILL
INCORPORATE  HARDWARE, MONITOR  SOFTWARE AND  DIAGNOSTIC
CONSIDERATIUNS, WE MUST SET THESE GOALS AND STRATEGIES JOINTLY
IN ORDER TO SUCCEED, THIS CHAPTER SETS OUT A FRAMEWORK FDR THE
'DISCUSSION OF  ERRORS, THIS IS INCORPORATED INTO THE
MAINTAINABILITY SECTION OF EACH OF THE OTHER CHAPTERS WHICH
DESCRIBE FUCTIONAL COMPONENTS, THUS ALL INFORMATION ABOUT A
FUNCTIONAL COMPONENT IS KEPT IN A SINGLE PLACE, THE FRAMEWORK
INCLUDES  CLASSIFICATION OF ERRORS ALONG THE FOLLOWING
DIMENSIONS? '

1, DETECTION/CORRECTION

2, SEVERITY

3, RECOVERY ACTIONS

4, ERROR INFORMATION REQUIRED

5, CORRECTIVE MAINTENANCE STRATEGY

6, PREVENTATIVE MAINTENANCE STRATEGY

2. DETECTION/CORRECTION CLASSIFICATION OF ERRORS

EACH ERROR FALLS INTO ONE OF THE FOLLOWING CATEGORIES ACCGRDING
TO HOW IT IS DETECTED AND CORRECTED,

2,1 NOT DETECTED = BY HARDWARE OR SOFTWARE
EX, DROPPED BIT IN AQDER
2,2 DETECTABLE = BUT NO COURRECTION OR RECOVERY POSSIBLE
2,3 DETECTABLE AND USUALLY CORRECTABLES
1, HARDWARE CORRECTABLE
EX, NONE CURRENTLY
2, HARDWARE'AND‘SQFTﬁARE CORRECT
EX, = ECC: ON RP04
3, HARDWARE~Q$TECTS, SOFTWARE RETRIES

EX, = DATA PARITY ON DISK
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4, SOFTWARE DETECTS AND RETRIES
EX, = COMMUNICATIONS PARITY ERROR
2,4 DETECTABLE AND ALWAYS CORRECTABLE
EX, MEMORY ADDRESS PARITY ERROR ON A CONTROLLER READ

3, SEVERITY CLASSIFICATION OF ERRORS

EACH ERROR FALLS INTO ONE OF THE FOLLOWING CATEGORIES DEPENDING
ON THE SEVERITY OF THE ERROR,

3,1 SYSTEM IS DOWN IF COMPONENT IS DOWN
EX, RH20 IF ONLY ONE
3,2 ALL JOBS ARE ABORTED:
1, SYSTEM MUST BE RELDADED |
EX, DATA PARITY IN EXEC DATA PAGE
3,3 SOME JOBS ABORTED:
1, CPU MUST BE RESTARTED BY =11
EX, CRAM PARITY ERROR IN USER MODE
2, CPU CONTINUES TO RUN, MONITOR ABORTS THE JOB
EX, MEMORY PARITY ERROR IN USER JOB
3,4 1/0 TRANSFER ABORTED
EX, RECOVERY FAILED ON DEVICE PARITY ERROR
3,5 RECOVERED ERROR
EX, RETRY SUCCEEDED ON DEVICE PARITY ERROR
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4, RECOVERY ACTIONS

THE RECOVERY ACTION MUST BE 5P$CIFIED FOR EACH TYPE OF ERROR,
THE BECQVERY ACTION CAN BE3

4,1 RETRY THE OPERATION WITH NO CHANGE
EX, DEVICE DATA PARITY ERROR
4,2 RETRY THE OPERATION IN A DIFFERENT PLACE
| EX, HEAD OFFSET

4,3 RETRYf THE OPERATION DIFFERENTLY TO  GET PIAGNOSTIC
INFORMATION '

EX, STOP ON ERROR

4,4 REMOVE FAILED COMPONENT OR BAD REGION OF COMPONENT FROM
FUTURE UBE3 ;

EX, BAD DISK BLOCK
1. AUTOMATICALLY BY SOFTWARE
2, MANUALLY BY OPERATOR
EX, MEMORY BANK
4,5 REPORT ERROR TO3
‘1, USER
2, OPERATOR
3, FIELD SERVICE
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5, ERROR INFORMATION REQUIRED

FOR EACH ERROR, THE FOLLOWING QU&STIHNS MUST BE ANSWERED ABOUT
THE INFORMATION REPORTED TO THE FOUR AUDIENCES:

5.1 FIELD SERVICE3:
1, IDENTIFY FUNCTIONAL COMPONENT
EX, WHICH RP04

2, PERHAPS IDENTIFY PART OF COMPONENT SO CAN REPLACE OR
~ REPAIR BOARD v >

EX, WHICH BIT ON A PARITY ERROR

542 OPERATOR '

1, WHICH FUNCTIONAL COMPONENT
5,3 USER |

1, WHICH FILE, JOB OR PROGRAM
5,4 SOFTWARES

1, FUNCTIONAL cumpduzﬁT

2, REGION OF FUNCTIONAL COMPONENT



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC CHAP 1,5 PAGE 6
SYSTEM ERROR HANDLING AND MAINTAINABILITY = REV 0

6, CORRECTIVE MAINTENANCE STRATEGY
FOR EACH OF THE ERRORS IN EACH OF THE FUNCTIONAL COMPONENTS, WE
MUST SPECIFY ONE OR MORE OF THE FOLLOWING CORRECTIVE
MAINTENANCE STRATEGIES:
6.1 WHILE SYSTEM RUNS WITHOUT SYSTEM RELOAD

1, OFF=LINE TEST

2, OFF=LINE TIME=SHARING DIAGNUSTICS

3, MONITOR ERROR REPORTING
6.2 WHILE SYSTEM RUNS BUT SYSTEM MUST BE RELOADED

1, OFFeLINE TEST |

2, ONLINE TIME=SHARING DIAGNOSTICS
6,3 SYSTEM NEEDED STAND=ALONE

1, LOCAL TESTING USING = 10

2, LOCAL TESTING USING = 11

3, 'REMOTE TESTING USING EXPERT IN MARLBORO
6,4 STOCKING OF SPARES 1

1. ON=SITE

2, IN REGION HEADQUARTERS
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7. PREVENTATIVE MAINTENANCE
FOR EACH ERROR IN EACH FUNCTIONAL COMPONENT, WE MUST SPECIFY
ONE ~OR MORE OF THE FOLLOWING PREVENTATIVE MAINTENANCE
STRATEGIES,
Te1 WHILE SYSTEM RUNS WITHOUT SYSTEM RELOAD

1, OFF~LINE TEST | |

2, ONeLINE TIME SHARING DIAGNOSTICS
792 WHILE SYSTEM RUNS, BUT SYSTEM MUST BE RELUADED

1, OFF=LINE TEST

2, ON=LINE TIME~SHARING DIAGNOSTIC
743 SYSTEM NEEDED STAND=ALONE
LEND OF CH1805,SPC]
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0, TABLE OF CONTENTS

1, SUMMARY OF ERRORS:

2, DETAILED DESCRIPTION. OF ERRODRS

3, DETAILED DESCRIPTION OF ERROR RECOVERY AND REPORTING

4, GENERALIZED FLOW CHARTS OF ERROR RECOVERY ALGORITHMS

5, SAMPLE OQUTPUT FROM ERROR REPORTING SYSTEM (SYSERR OUTPUT)

BECAUSE OF MACHINE-READAABLE LIMITATIONS, SOME OF THE TABLES
AND FIGURES REFERENCED IN THIS CHAPTER WILL BE FOUND IN A
SEPARATELY PUBLISHED ADDENDUM, THESE INCLUDE:

FIGURE 1%
FIGURE 23
FIGURE 31
FIGURE 4
TABLE 43
TABLE S3%
FLOW CHARTS;

SYSTEM DIAGRAM
APR LAYOUT

ERA LAYOUT

SBUS DIAGNOSTIC CYCLE LAYOUT

DATA PATH PARITY ERRORS |
ADDRESS PARITY AND NXM ERROR INDICATIONS
PAGE FAIL TRAP = CODE 26

APR INTERRUPT FUR MEMORY DATA PARITY ERROR
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1, DIFFERENT TYPES OF ERRORS DETECTED BY THE Kbio

TABLE 1 SUMMARI%ES THE DIFFERENT TYPES OF ERRQRS THAT ARE
DETECTED BY THE KL10 HARDWARE, INCLUDED ARE THE ERRORS
DETECTEB BY THE INTERNAL CGNTROLLLR: THE RH20,

FIGURE { IS A DIAGRAM OF THE DATA PATH PARITY NETWORKS IN THE
KL10 AND IS5 DESCRIBED IN 1.1,

FIGURE 2 IS A DIAGRAM OF THE APR ERRQR STATUS REGISTER, IT 18§
DESCRIBED IN 1,2,

FIGURE 3 IS A DIAGRAM OF THE ERA REGISTER AND IS DESCRIBED IN
1,3,

FIGURE 4 IS A DIAGRAM OF THE SBUS DIAGNOSTIC: CYCLES AND IS
DESCRIBED IN 1,4,
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KL10 ERROR DETECTION, RECOVERY AND REPORTING:

SBUS
MA203
DMA203
MBOX
EBOX
RH20

"TABLE 1
ERROR SUMMARY TABLE

INCOMPLETE CYCLE
ADDRESS PARITY ERROR

‘DATA PARITY ERROR

ADDRESS PARITY ERROR
NON=EXISTENT MEMORY (NXM) EROR

SBUS ERROR

SBUS ADDRESS PARITY ERROR

DATA PARITY ERROR

PAGE TABLE PARITY ERROR

CACHE DIRECTORY PARITY ERROR.
NONEXISTENT MEMORY (NXM) ERROR

AR OR ARX PARITY ERROR
EBUS PARITY ERROR

FAST MEMORY PARITY ERROR
D RAM PARITY ERROR |

C RAM PARITY ERRDR

DATA PARITY ERROR

PAGE 4
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1,1 KL10 DATA PATH PARITY NETWORKS

PARITY IS GENERATED IN VERY FEW PLACES IN THE SYSTEM, THE
GENERAL PHILOSOPHY IS TO HAVE PARITY GENERATED ONCE AND THEN TO
HAVE 1T PASSED ALONG FROM COMPONENT TO COMPONENT AND CHECKED AS
IT GOES, 1IN THIS WAY, THE CHANCE THAT AN ERROR GOES UNDETECTED
15 MINIMIZED, EFFECTIVELY THERE ARE ONLY TWO PARITY GENERATION
NETWORKS. (PG) IN THE SYSTEM, ONE IS ON THE OUTPUT SIDE OF THE
ARITHMETIC REGISTER, AR (FIGURE 1), AND THE OTHER IS ON THE
QUTPUT OF THE CHANNEL STATUS RAMS, WHENEVER DATA LEAVES THE
ARITHMETIC REGISTER TO GO TO THE CACHE, TO FAST MEMORY, TO THE
EBUS, OR TO THE MEMORY BUFFER, A PARITY BIT IS GENERATED AND
THAT PARITY BIT REMAINS WITH THE DATA IN THE CACHE, IN FAST
MEMORY, TO THE EBUS, OR THE MEMORY BUFFER, ' '

THERE ARE INSTANCES. WHERE THE DATA PATHS DECREASE FROM 36 BITS
TO 18 BITS, OR EXPAND FROM 18 BITS T0D 36 BITS, IN THESE CASES,
A PARITY FOLDING GENERATION OCCURS, THIS HAPPENS ON THE INPUT
SIDE: OF THE PAGE TABLE AS DATA PASSES FROM THE MEMURY BUFFER
INTO THE PAGE TABLE AND A CONVERSION IS MADE FRUM 36 BITS TO 18
BITS (AND A PARITY BIT GENERATED TO CHECK EACH 18 BITS), THE
SAME THING HAPPENS AS DATA PASSES FROM THE RH20 TO THE CHANNEL,
THE RH20 DEALS WITH 18 BIT ENTITIES AND THE CHANNEL DEALS WITH

THERE ARE SIX PARITY CHECKING NETWORKS IN THE MAJOR DATA PATH
OF THE SYSTEM, THE FIRST PARITY CHECKING NETWORK IS ON THE
OUTBOARD SIDE OF THE DMA20, THUS PARITY IS CHECKED ON DATA
BEING RECEIVED FROM THE MF10 AND ENTERING THE DMA20, AND PARITY
1S CHECKED AS DATA LEAVES THE DMA20 AND STARTS DOWN THE KBUS TO
THE MF10, THE NEXT PARITY CHECKING NETWORK IS LOCATED AT THE
OUTPUT OF THE MEMORY BUFFER (MB) REGISTERS,  WHENEVER DATA
LEAVES A MEMORY BUFFER, FOR THE DMA20, HARDWARE PAGE TABLE,
CHANNEL, CACHE, ARITHMETIC REGISTER (AR), ~OR: THE ARITHMETIC
REGISTER EXTENDER (ARX), ITS PARITY 15 CHECKED,

THE THIRD PARITY CHECKING NETWORK IN THE SYSTEM 1S LUCATED ON
THE OUTPUT SIDE OF THE PAGE TABLE, THUS PARITY IS CHECKED
WHENEVER DATA COMES OUT OF THE HARDWARE PAGE TABLE, |
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THE FOURTH PARITY CHECKING NETWORK 1S ON THE OUTBOARD SIDE QF
THE RH20, THIS PARITY NETWORK CHECKS DATA PARITY COMING: FROM
THE RDTATING DEVICE INTO THE RH20 FROM THE MASSBUS AND CHECKS
PARITY ON DATA LEAVING THE RH20 AND BEING PUT ON THE MASSBUS TO
GO OUT TO THE ROTATING DEVICE,

THE FIFTH PARITY CHECKING NETWORK IS ON THE  ARITHMETIC
REGISTER, ~ IT CHECKS DATA ARRIVING AT THE ARITHMETIC REGISTER
FROM MEMORY,

THE LAST PARITY CHECKING NETWORK OF THE MAJOR DATA PATH IS ON
THE ARITHMETIC EXTENSION REGISTER, IT CHECKS DATA ARRIVING AT
THE ARX FROM MEMORY, '

ADDITIONALLY, THERE ARE THREE OTHER PARITY NETWORKS IN THE
SYSTEM, THE FIRST IS ON THE OUTPUT OF FAST MEMORY, IT CHECKS
STORED PARITY AND DATA COMING FROM FAST MEMORY,

THE OTHER ‘TWO ARE ON THE OUTPUT OF THE QRAM AND THE OUTPUT OF
THE DRAM, HERE, THE PARITY IS CHECKED ON EACH WORD BEFORE IT
IS USED BY THE MICRO WORD CONTROLS,
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1,2 APR ERROR STATUS REGISTER = AS DESCRIBED 1IN CHAPTER 2,6,
INTERNAL DEVICES, THE APR CONO: AND CONI OUPERATIONS ALLOW THE
ENABLING, DISABLING, SETTING, AND CLEARING OF EIGHT ERROR
CONDITIONS, THESE  ERRROR CONDITIONS ARE SBUS ERROR,
NON=EXISTENT MEMORY ERROR, PARITY ERROR, I/0 PAGE FAIL ERRDR,
CACHE DIRECTORY PARITY ERROR, SBUS ADDRESS PARITY ERROR, POWER
FAILURE, AND CACHE SWEEP DONE, FOUR BITS IN THE CONO WORD ARE
USED TO INDICATE WHETHER OR NOT TO ENABLE THE SELECTED FLAGS,
DISABLE THE SELECTED FLAGS, CLEAR THE SELECTED FLAGS, OR SET
THE SELECTED FLAGS, THESE ARE BITS 20 = 23, RESPECTIVELY,
BITS 24 = 31 ARE USED FOR THE SELECTED FLAGS, BIT 32 I5 A 1 TO
INDICATE THAT ONE OF THE SELECTED FLAGS IS TRU&, BITS 33 = 35
ARE THE PI LEVEL FOR THE APR DEVICE, BITS 6 =« 13 OF THE CONI
WORD INDICATE WHICH OF THE SELECTED FLAGS ARE ENABLED, BIT 19
IS A 1 ON A CONI IF THE CACHE SWEEPER IS BUSY, BIT 19, ON A 1
ON. THE CONO, IS THE I1/0 RESET AND RESETS ALL THE I/0 IN THE
SYSTEM, THE SOFTWARE IS ABLE TO TEST FOR MANY OF THESE MEMORY
ERRORS BY ARTIFICALLY INSERTING A REAL ERROR IN THE SYSTEM AND
THEN UBSERVING WHAT HAPPENS WHEN THE SYSTEM REFERENCES THE
MEMORY, CHAPTER 2,6 SHOWS HOW THE SOFTWARE CAN WRITE INCQRRECT
PARITY USING CONOD Pl ON BITS 18, 19, AND 20,
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1+3 ERROR ADDRESS REGISTER = ERA

THE MBOX HAS AN INTERNAL REGISTER CALLED THE ERROR ADDRESS
REGISTER, OR ERA (FIGURE 3), THIS REGISTER CONTAINS THE LAST
ADDRESS REQUESTED FROM THE MEMORY SYSTEM ALONG WITH ERROR FLAGS
INDICATING WHAT KIND OF OPERATION (READ, WRITE, ETC,) HAD BEEN
REQUESTED OF THE MEMORY, THE ERA REGISTER LATCHES ON AN ERROR
CONDITION SIGNALED BY THE MEMORIES. AND 18 NEVER CHANGED UNTIL
THE SOFTWARE IS ABLE TO COPY OUT THE ERROR INFORMATION, THE
SOFTWARE THEN INDICATES THAT IT HAS DONE THIS AND THE ERA
REGISTER IS FREE TO RECORD THE NEXT ERROR THAT MAY OCCUR, IN
OTHER WORDS UNTIL AN ERROR OCCURS, THE ERA REGISTER I8 CHANGING
WITH EVERY ADDRESS THAT 1S BEING SENT BY THE MBOX T THE MEMORY
SYSTEM FOR READING OR WRITING, AS SOON AS AN ERROR OCCURS THE
ERA REGISTER 1S LATCHED AT THE LAST ADDRESS SENT BY THE MBOX T0
THE MEMORY SYSTEM AND REMAINS THAT WAY UNTIL THE SOFTWARE IS
ABLE TO COPY OUT THE ERROR ADRESS AND THE OPERATION BEING DONE
AND HAS RECORDED IT FOR FIELD SERVICE IN THE SYSTEM ERROR LOG,

THERE ARE THREE ERROR BITS IN THE APR STATUS REGISTER WHICH
INDICATE 'TO THE SOFTWARE (ON AN INTERRUPT ON THE APR) THAT THE
ERA REGISTER CONTAINS ERROR INFORMATION, THESE THREE BITS IN
THE APR REGISTER ARE: NXM ERR (BIT 25), MB PAR ERR (BIT 27),
AND SBUS ADR PAR ERR (BIT 29), THE SOFTWARE THEN READS THE
CONTENTS. OF THE ERA REGISTER, USING THE APPRUPRIATE INTERNAL
DEVICE CODE, (BLKI PI), AFTER THE SOFTWARE HAS COPIED OUT THE
INFORMATION IN THE ERA REGISTER, THE SOFTWARE MUST CLEAR THE
THREE BITS IN THE APR REGISTER IN ORDER TO ALLOW THE ERA
REGISTER TO BE READY FOR A SUBSEQUENT ERROR,
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1,3,1 LAYOUT OF THE ERA REGISTER = BITS 14 = 35 CONTAIN THE
22=-BIT PHYSICAL ADDRESS REQUESTED BY THE EBOX OF THE MBOX,
BITS 0 AND 1 OF THE ERA REGISTER INDICATE IN WHICH OF THE FOUR
WORDS (THAT THE MBOX REQUESTS OF THE MEMORY SYSTEM) THE ERROR
OCCURRED, WHENEVER THE MBOX MAKES A REFERENCE TO MEMORY, 1T
REQUESTS FOUR WORDS AT A TIME, WITH THE WORD THAT THE EBOX
NEEDS BEING REQUESTED FIRST AND THE OTHER THREE FOLLOWING IN
QUICK SUCCESSION, BITS 0 AND 1 INDICATE WHICH OF THE FOUR
WORDS IN THE' 4«WORD BLOCK HAD THE ERROR, WHILE BITS 14 = 35
INDICATE THE 22«BIT PHYSICAL ADDRESS THAT IS NEEDED BY THE
EBOX, BIT 2 Is NAMED THE CCA REF BIT, IT IS A 1 IF THE MEMORY
ERROR OCCURRED WHILE THE CACHE WAS SWEEPING, BIT 3 IS CALLED
THE CHAN REF BIT, IT IS A 1 IF THE ERROR OCCURRED WHEN THE
CHANNEL WAS MAKING A REFERENCE TO MEMORY, BITS 4 AND 5
CUMPRISE A DATA SOURCE CODE THAT INDICATES WHERE THE DATA IN
THE MB'S ORIGINATED, THE DATA MAY COME FROM THE MEMORY ON A
READ OR A READ=PAUSE~WRITE; DATA MAY COME FROM THE CHANNEL ON
A STORING STATUS, I,.E.s WRITING INTO MEMORY; DATA MAY COME
FROM THE AR ON AN EBOX WRITE; DATA MAY COME FROM THE CACHE ON
A PAGE REFILL OR CHANNEL READ OPERATION; OR DATA MAY COME FROM
THE CACHE ON A WRITE OPERATION TO MEMORY, BIT 6 IS THE WRITE
REFERENCE BIT, IT IS A 1 IF A MEMORY WRITE OPERATION WAS IN
PROGRESS WHEN THE ERROR QCCURRED, IT IS A 0O ON THE READ
PORTION OF A READ=PAUSE=WRITE, THE DATA SOURCE FIELD IS NOT
VALID ON AN ADDRESS PARITY ERROR,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 1,6 PAGE 10
‘KLIQ ERROR DETECTION, RECOVERY AND REPORTING

1,4 SBUS DIAGNOSTIC CYCLES

THE SBUS DIAGNOSTIC CYCLE IS USED FOR COMMUNICATION BETWEEN THE
MBOX AND THE INTERNAL MEMORY CONTROLLERS, AS THERE ARE NO
SWITCHES ASSOCIATED WITH THE INTERNAL MEMORY CONTROLLERS,
FUNCTIONS SUCH AS ADDRESS BOUNDARIES, INTERLEAVE MODE, MARGINS
ERROR REPORTING, ETC,, ARE CONTROLLED USING THE DIAGNOSTIC
CYCLE, A DIAGNOSTIC: CYCLE IS EXECUTED BY THE BY THE MBOX
ASSERTING THE SBUS DIAG, SIGNAL AND USING THE 36 SBUS DATA
LINES FOR TRANSFERRING INFORMATION, THERE WILL BE A PDP=10
MACRO INSTRUCTION WHICH TAKES A 36 BIT INPUT ARGUMENT AND
RETURNS. A 36 BIT OUTPUT ARGUMENT, THE MICROCODE FOR THIS
INSTRUCTION PUTS THE 36 BIT INPUT ARGUMENT IN THE AR AND TELLS
THE MBOX TO EXECUTE AN SBUS DIAGNDSTIC CYCLE, WHEN THE MBOX
TURNS ON ITS MBOX RESPONSE SIGNAL THE MICROCODE CLOCKS THE
CONTENTS OF THE CACHE DATA LINES INTO THE AR AND RETURNS 'IT AS
THE OUTPUT ARGUMENT

TWO FUNCTION CODPES, 0 AND 1, HAVE BEEN DEFINED AND ARE FULLY
DESCRIBED IN CHAPTER 3,7 OF THIS SPECIFICATION,. DESCRIBED HERE
IS A SUMMARY OF BOTH FUNCTIONS DURING THE 2ND HALF OF THE
CYCLE, CALLED "FROM MEMORY", THESE ARE INTEREST 1IN THIS
CHAPTER BECAUSE BOTH FUNCTIONS PROVIDE SEVERAL OF THE
INDICATIONS AND STATUS REQUIRED DURING ERROR RECOVERY,

THE CONTROLLER ADDRESS NEEDED TO SPECIFY WHICH CONTROLLER THE
MBOX IS COMMUNICATING WITH IS PUT IN BITS 0 TO 4 OF THE "TO
MEMORY" WORDS FOR BOTH FUNCTIONS,

ADDRESSES 0 TO 3 ARE FOR THE INTERNAL CONTROLLERS, MA20 OR
MB20, AND ADDRESS 4 15 FOR THE DMA20,

1,4,1 FUNCTION 0, "FROM MEMORY"

BITS 0=5 0wl EXPANSION
| 2 INCOMPLETE CYCLE
3 READ PAR ERR .
4 WRITE PAR ERR
5 'ADR PAR ERR

THESE ARE ERROR REPORTING FLAGS 1IN THE MEMORY CONTROLLERS,
WHICH ARE CLEARED WHEN BIT 5 IS ON A "ONE" IN THE 18T HALF OF
FIUNCTION 0, THE DMA20 DOES NOT IMPLEMENT THE INCOMPLETE CYCLE
BIT AND THE MA20 AND MB20 CONTROLLERS DO NOT IMPLEMENT THE READ
OR WRITE PAR ERROR BITS,

BITS 67 THESE BITS REPORT THE INTERLEAVE MQDE OF THE
CONTROLLER WITH THE 00 COMBINATION USED TO INDICATE AN OFF LINE
OR NON EXISTENT MEMORY CONTROLLER, ' ‘ “

BITS 8=35 THESE BITS CONTAIN THE thRESS INFORMATION OF
THE MOST RECENT CYCLE OR OF THE 18T PARITY ERROR, BITS 8»11
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CONTAIN THE SBUS RQO = RQ3, BITS 12 AND 13 THE RD AND WR RQ .AND
BITS 14=35 THE SBUS ADR BITS, THIS FEATURE IS NOT IMPLEMENTED
IN THE MA20 OR MB20, ' ‘

1,4,2 FUNCTION 1, "FROM MEMORY"

BITS 0=7 THESE BITS INDICATE THE NUMBER OF STORAGE
MODULES PER CONTROLLER, EACH BIT ON A "ONE" INDICATES THE
PRESENCE OF A STORAGE MODULE, ALL BITS EQUAL 0 MEANS SIZE
UNKNOWN, DMA20 SENDS BACK 0, v

MA20 AND MB20 INDICATES STORAGE MODULES AS FOLLOWS,

7

1 8MO

0 Smt

0 8M2 (
0 SM3

Y- X)
OO
DOCON
oG w
- R
omoOW
[T L 3 @

BITS 8~11 MEMORY TYPE

]

0 = CUSTOMER

1.2 MA20 ‘

2 = DMAZ20

3 = MB20

4=17(8) EXPANSION

BIT 12 LOOP BACK SET

NOTE:  THE FOLLOWING BITS (13=35) ARE NOT IMPLEMENTED
“IN DMA20,

- BIT 13 POWER SUPPLY FAILING

BIT 14=21 ADDRESS BOUNDARY SET UP IN 1ST HALF OF FUNCTION
1 ; 5 ‘ ;

BITS 22«25 ADDRESS BOUNDARY SET UP IN 1ST HALF OF FUNCTION
. : 1 '

BITS 2629 EXPANSION
BIT 30 MARGINS SELECTED

BIT 31 EXPANSION

a;Ts 3235 INDICATES WHICH WORD RQS ARE ENABLED
SBUS RQO ENABLE

SBUS RQ! ENABLE

SBUS RQ2 ENABLE
- SBUS RQ3 ENABLE

iad
e
1402
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A SUMMARY OF BOTH FUNCTIONS IS SHOWN IN FIGURE 4,
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2, DETAILED DESCRIPTION OF EROR DETECTION

TABLE 2 CONTAINS A DETAILED DESCRIPTION OF THE VARIOUS ERROR

CONDITIONS LISTED IN TABLE 1,

TABLE 2

DESCRIPTION 'OF ERRORS

PLACE  TYPE OF ERROR
SBUS:
MA20 INCOMPLETE CYCLE

ADDRESS PARITY ERROR

DMA20  DATA PARITY ERROR

{

DESCRIPTION OF ERROR

OCCURS - ON A READ=PAUSE=WRITE

(RPW) CYCLE WHEN PROCESSOR
FAILS TO SEND VALID DATA TO THE
MEMORY T0 INITIATE THE WRITE
PORTION OF THE RPW CYCLE (8,0
USEC TIME=OUT) AND ON ANY CYCLE
WHICH THE MEMORY FAILS TO
COMPLETE BEFORE THE TIME=OUT,
MA20 SIGNALS DCCURANCE OF THIS
ERROR BY SENDING SBUS ERROR TO
THE PROCESSOR, .

CAN OCCUR AT THE START OF ANY
MEMORY CYCLE,  PROCESSOR WILL
BE NOTIFIED OF THE OCCURRENCE
OF AN ADDRESS PARITY ERROR
WITHIN 125 USEC AFTER IT SEES
THE FIRST ACKNOWLEDGE, MA20
SIGNALS OCCURRENCE OF THIS
ERROR BY SENDING SBUS ADDRESS

‘PARITY ERROR TO THE PROCESSOR,

THE ADDRESS OF THE LOCATION THE
PROCESSOR WAS ATTEMPTING TO
REFERENCE  WHEN  THIS  ERROR
OCCURED WILL SBE LATCHED IN THE
ERA REGISTER IN THE PROCESSOR,
AN ADDRESS PARITY ERROR FLAG
WILL BE SET 1IN THE MA20 TO
INDICATE THE OCCURRENCE OF THIS
ERROR,

READ DATA PARITY AND WRITE DATA
PARITY ARE BOTH CHECKED IN THE
DMA20 DURING THE THREE TYPES OF
MEMORY CYCLES, EACH TYPE OF
PARITY ERROR SETS APPROPRIATE
FLAGS IN THE DMA20 STATUS
REGISTER, THE  DMA20  ERROR

DETECTION LOGIC ALSO STURES THE

ADDRESS. OF THE. FIRST "ERROR. N
THE ~ DMA20  ERROR  ADDRESS
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ADDRESS PARITY ERROR

NXM ERROR

REGISTER UNTIL THE ERROR BIT
ASSOCIATED WITH THAT ERROR IS
CLEARED, A CUMULATIVE ERROR
SIGNAL (SBUS ERROR) IS SENT TO
THE MBOX, ON WRITE CYCLES, THE
ERROR SIGNAL MAY NQT ARRIVE AT
THE PROCESSOR UNTIL 500 NSEC
AFTER THE LAST ACKNOWLEDGE, ON
READ CYCLES, THE ERROR SIGNAL
MAY NOT ARRIVE AT THE PROCESSOR
UNTIL 250 NSEC: AFTER THE LAST
WORD ARRIVES, DMA20 SIGNAL
OCCURRENCE OF THIS ERROR BY
SENDING  SBUS ERROR TO THE
PROCESSOR, ' -

CAN OCCUR AT THE START OF ANY
MEMORY CYCLE, PROCESSOR WILL
BE NOTIFIED OF THE OCCURRENCE
OF AN ADDRESS PARITY ERROR
WITHIN 125 USEC AFTER IT SEES
THE FIRST ACKNOWLEDGE, DMA20
SIGNALS OCCURRENCE  OF THIS.

ERRUR BY SENDING SBUS ADDRESS

PARITY ERROR TO THE PROCESSOR,
THE ADDRESS OF THE LOCATION THE
PROCESSUR WAS ATTEMPTING TO
REFERENCE WHEN THIS ERROR
OCCURED WILL BE LATCHED IN THE
ERA REGISTER IN THE PROCESSOR,
AN ADDRESS PARITY ERROR FLAG
WILL BE SET 1IN THE DMA20 TO
INDICATE THE OCCURRENCE OF THIS
ERROR, THE ADDRESS THE THE
DMA20 RECEIVED AT THE TIME OF
THE ERROR WILL BE LATCHED IN
THE DMA20 ERROR ADDRESS
REGISTERS, NOTE$s THAT ADDRESS
PARITY I8 ONLY CHECKED FOR SBUS
ADDRESSES AND DUES NOT INCLUDE
KBUS ADDRESSES,

IF AN ACKNOWLEDGE (ACK) IS
RECEIVED FROM THE FIRST STORAGE
MODULE, AND  ANY  SUBSEQUENT
REFERENCE IN THE CYCLE DOES NOT
RECEIVE AN ACK (I E,, A STORAGE
MODULE DID NOT RESPQND), THEN A
NON=EXISTENT MEMORY (NXM) FLAG
IS SET IN THE DMA STATUS
REGISTER AND THE DMA20 EROR
ADDRESS REGISTER IS FROZEN IN
THE -SAME WAY AS AN ADDRESS OR
DATA PARITY ERROR, THE TIME



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 1,6

PAGE 15

KL10 ERROR DETECTION, RECOVERY AND REPORTING

MBOX SBUS ERROR

SBUS ADDRESS PARITY
ERROR

DATA PARITY ERROR

PAGE TABLE PARITY ERROR

CACHE DIRECTORY
PARITY ERROR

" REGISTER,

OUT FOR THIS ERROR IS 28 USEC,
THE PROCESSOR WILL BE NOTIFIED
IMMEDIATELY AFTER THE TIME O0UT
BY THE  DMA20 SENDING SBUS
ERROR, . . ‘

WHEN THE MBOX SEES SBUS ERROR
FROM. THE MA20 OR DMA20 IT SETS
THE SBUS ERROR APR. FLAG IN THE
EBOX, NO VALID INFORMATION IS
HELD IN THE ERA ON OCCURRENCE

OF THIS EROR,

WHEN THE MBOX SES .SBUS ADDRESS
PARITY ERROR FROM THE MA20 OR
DMA20 'THE MBOX SETS THE SBUS
ADR ‘PAR ERR FLAG IN APR STATUS
ERA REGISTER IN MBOX
I8 LATCHED WHEN ERROR is
DETECTED AND DOES NOT UNLATCH
UNTIL SOFTWARE CLEARS THE APR
FLAG AFTER HAVING COPIED THE
DATA OUT OF THE ERA,

THE PARITY OF ALL DATA LEAVING

THE #™B'S IS CHECKED, IF THE
PARITY I8  FOUND TO0 BE
INCORRECT, THEN THE ADDRESS OF
THE LOCATION REFERENCED . A
3«BIT CODE  INDICATING THE
SOURCE QF 'THE DATA, AND TWO
BITS INDICATING THE MB THAT
HELD THE BAD WORD WILL BE HELD
IN THE ERA, THIS INFORMATION
WILL BE HELD UNTIL THE MB
PARITY ERROR FLAG IN THE EBOX
(APR STATUS WORD) 1S CLEARED,

THIS TYPE OF ERROR FORCES A
PAGE FAIL TRAP WITH A CODE OF
25, THE ERROR COULD HAVE BEEN

‘THE RESULT OF A MEMORY QR CACHE

DATA PARITY ERROR ON A PAGE
REFILL., 1F  NOT, THEN THE
HARDWARE PAGE TABLE MAY HAVE A
FATAL ERRUR, IN THLIS LAST
CASE, IF THE FAILURE I8 SOLID
THEN THE HARDWARE PAGE TABLE IS
UNUSABLE,

FLAG IS SET IN APR REGISTER

WHEN A PARITY ERROR IS DETECTED
IN CACHE DIRECTORY, THE CACHE
15 EFFECTIVELY TURNED OFF AT
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THE END OF THE CURRENT MEMORY
REFERENCE, THE CACHE  WILL
REMAIN "OFF" UNTIL THE CACHE
DIR PAR ERR FLAG IN THE APR
STATUS REGISTER 1S CLEARED, IN
LINE WITH THE ORIGINAL ' PARITY
SCHEME GOALS, THIS ERROR I8
NON-RECOVERABLE BY THE KL10
SOFTWARE BUT THE 11 IS ABLE TO
SCAN THE CACHE IN A DIAGNOSTIC
MODE AND TURN OFF THE AFFECTED
CACHE BEFURE MONITOR RELOAD IF
THE ERROR IS REPRODUCEABLE,

NXM ERROR AN ERROR FLAG IS SET IN THE APR
REGISTER WHEN A NON=EXISTENT
MEMORY LOCATION IS ADDRESSED,
ON  MBOX READS. FROM MEMORY, THE
MBOX SUPPLIES FOUR WORDS OF
ZEROES TO THE EBOX WITH BAD
PARITY, SO EBOX WILL GET A DATA
PARITY TRAP, ON MBOX WRITES TO
MEMORY, THE DATA IN THE MB'S IS
DISCARDED, THE ERA REGISTER IN
THE MBOX 1S LATCHED WHEN THIS
TYPE OF ERROR OCCURS,

EBOX AR/ARX PARITY ERROR - ALL DATA ENTERING THE AR/ARX TO
' ' BE USED BY THE EBOX 1§ PARITY
CHECKED BEFORE IT 1§ USED, IF
A FAILURE IS DETECTED, A PAGE
FAIL TRAP. OCCURS WITH A CODE OF

26,

EBUS. PARITY ERROR ALL WORDS ENTERING THE AR/ARX
FROM THE EBUS ARE CHECKED FOR
CORRECT PARITY IF PARITY HAS
BEEN GENERATED  BY  THE
TRANSMITTING DEVICE, IF AN
ERROR 1S DETECTED, AN I/0 PAGE
FAIL INTERRUPT OCCURS AND THE
MONITOR  HAS THE ABILITY TO
DETERMINE THAT THE BAD DATA WAS
RECEIVED FROM THE EBUS, NOTE
THAT ‘AN 11 DEPOSIT TO w10
MEMORY CAN CAUSE A PARITY
INTERRUPT WHICH HAS NOTHING TO
DO WITH THE =10 INSTRUCTION
BEING EXECUTED,

FAST MEMORY PARITY ﬁACﬁAWORB,$?DRE§ IN FAST MEMORY
ERROR HAS ODD PARITY GENERATED AS 1IT
' LEAVES THE AR, PARITY 18

CHECKED IF THE FAST MEMORY WORD
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I8 BEING READ OUT THROUGH THE
ADB MISER, IF AN ERROR I8
DETECTED, THE EBOX CLOCK IS
HALTED IF FAST MEMORY PARITY
CHECKING IS ENABLED BY THE
CONSOLE PROCESSOR (UusUAL), '

.~ CRAM & DRAM PARITY ODD PARITY 185 GENERATED AND

ERRORS ‘ STORED FOR EACH WORD BY THE
' MICRO=CODE ASSEMBLY PROGRAM AND
LOADED INTO THESE RAMS EACH
TIME THEY ARE LOADED, THIS ODD
PARITY 1S CHECKED EACH TIME A
WORD IN EITHER RAM IS
REFERENCED, IF AN ERROR OCCURS
AND THE. HALT ON  ERROR
DIAGNOSTIC FUNCTION IS ENABLED
(usvaL), THE EBOX CLOCK IS

HALTED, - '

RH20 DATA PARITY ERROR OCCURS WHEN RH20 DETECTS BAD
. : PARITY ON A DATA TRANSFER FROM
THE DEVICE, IF DISABLE XFER
ERR STOP 18 SET, THE XA=FER WILL
"CONTINUE AFTER A STATUS FLAG IS
SET, "IF (NORMAL CASE) THE
DISABLE XFER ERR STOP IS NOT
SET, THE EXC: IS ALSO SET AND AN
INTERRUPT IS SENT TO THE EBOX,
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3, DETAILED DESCRIPTION OF ERROR RECOVERY AND REPORTING

3,1 DATA PARITY ERRORS

TABLE 4 IS A COMPREHENSIVE CHART OF DATA PARITY ERRORS DETECTED
THROUGHOUT THE SYSTEM, THE CHART SHOWS HOW THE ERRORS ARE
INDICATED TO THE SOFTWARE, WHAT CONDITIONS CAUSE THESE ERRORS,
WHAT PART OF THE SYSTEM 1S BROUKEN, AND HOW THE SOFTWARE
RECOVERS FROM AN ERROR, THE COLUMN INDICATING WHICH PART 1S
BROKEN IS HELPFUL IN DESIGNING THE ERROR: REPORTING SYSTEM 8O
THAT THE AREA OF FAILURE CAN BE QUICKLY ISOLATED AND REPORTED
TO F1ELD SERVICE, ‘

3.,1,1 DESCRIPTION OF PARITY ERROR TABLE

THE FIRST DATA COLUMN OF TABLE 4 INDICATES WHETHER THE CACHE IS
BEING USED BY THE SYSTEM OR NOUT: I,.E., IS IT ON OR OFF, NOTE:
1F C BIT (CACHE) IS OFF IN THE PAGE TABLE ENTRY AND THE DATA 18
NOT IN THE CACHE, THE POSSIBILITIES ARE THE SAME AS THE ERRORS
WITH CACHE OFF, THE SECOND DATA COLUMN OF THE TABLE INDICATES
WHETHER THE OPERATION BEING PERFORMED IS A READ, WRITE, OR
READ=PAUSE«WRITE TO THE MEMORY SYSTEM, THE THIRD DATA DOLUMN
INDICATES WHETHER THE MEMORY INVOLVED IN THE ERROR 18 INTERNAL
MEMORY OR EXTERNAL MEMORY, THE FOURTH DATA COLUMN, LABELED
WHERE DETECTED, INDICATES WHICH SYSTEM COMPUNENT DETECTED THE
PARITY ERROR, IN MANY CASES, MORE THAN ONE  FUNCTIONAL
COMPONENT WITHIN THE SYSTEM WILL DETECT THE ERROR, FUNCTIONAL
- COMPONENTS LISTED ARE3 THE DMA20, THE MA20, THE MEMORY BUFFER
REGISTERS (CALLED MB'S), THE ARITHMETIC REGISTER IN THE EBOX
(CALLED AR), THE PAGE TABLE DIRECTORY (CALLED PT), AND THE
RH20, : ' o '

THE LAST THREE ENTRIES IN THE WHERE DETECTED COLUMN INDICATES
WHICH OF THREE SYSTEM COMPONENTS IS MAKING A MEMORY REFERENCE
OR IF IN FACT A MEMORY REFERENCE IS INVOLVED AT ALL, THESE
COMPONENTS ARE: THE MBOX, IN RESPONSE TU THE EBOX; THE MB AS
PART OF THE CACHE SWEEP OPERATION (CCA REF); AND THE CHANNELS
(CHAN REF), ' , '

THE NEXT DATA COLUMN IN TABLE 4 IS LABELED DATA CODE, IT I8
THE 3%BIT DATA CODE RETURNED TO THE SOFTWARE WHEN IT READS THE
ERA STATUS REGISTER, OF THE EIGHT POSSIBLE COMBINATIONS OF 3
BITS, ONLY SIX ACTUALLY OCCUR IN PRACTICE, THE FIRST TWO BITS
INDICATE THE DATA SOURCE CODE AND THE THIRD BIT, IF A 1,
INDICATES THAT A WRITE OR WRITE PORTION OF A READ=PAUSE~WRITE
WAS BEING PERFORMED, '

THE SEVENTH DATA COLUMN IN TABLE 4 INDICATES THE SOURCE OF THE
DATA3  1,E,, WHERE THE DATA WAS COMING FROM WHEN THE ERROR WAS
DETECTED, FOR EXAMPLE, ON A READ FROM MEMORY, THE DATA SOURCE
WOULD BE LISTED AS MEMORY READ OR READ=PAUSE=WRITE, 1IN OTHER
CASES, THE SOURCE OF DATA COULD BE THE MBOX IN THAT THE ERRORS
WERE DETECTED DURING THE WRITE PART OF THE READwPAUSE=WRITE,
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THE NEXT DATA COLUMN CONTAINS FIVE BITS FROM THE APR REGISTER
AND A SIXTH BIT TO INDICATE AN INTERRUPT FROM THE RH20, THE
FIRST BIT IS A 1 IF THE ERROR OCCURRED ON DATA COMING FROM
MEMORY3 THATA BIT IS CALLED MEM DATA, THE NEXT TWQ BITS ARE A
1 IF THE ERROR INVOLVED THE SBUS, THE FIRST IS LABELED SBUS
ERROR, SBUS ERRORS  ARE THEN ERRORS IN THE 36=BIT WORD BEING
SENT ON THE SBUS OR FAILURES OF THE MEMORY TO COMPLETE ITS
CiICLE, THE NEXT BIT IS LABELED SBUS ADDRESS PARITY ERROR AND
I8 A 1 IF THE ERROR WAS DETECTED IN THE ADDRESS BEING SENT ON
THE SBUS, AS OPPOSED TO DATA,

THE FOURTH BIT IS A 1 IF THE PARITY ERROR OCCURRED IN THE CACHE
DIRECTORY, IT IS CALLED THE CACHE DIRECTORY PARITY ERROR, THE
FIFTH BIT LABELED NXM, IS A 1 IF A NONeEXISTENT MEMORY IS
DETECTED, THE SIXTH BIT INT FROM RH20, IS DpDISCUSSED IN
PARAGRAPH 3,3,2, NOTE, IN THIS 6=BIT DATA COLUMN, THAT SEVERAL
ERROR BITS MAY SIMULTANEOUSLY BE 1, |
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3,2 SUMMARY OF ERROR RECOVERY

THERE ARE TWO WAYS IN WHICH PARITY ERRORS ARE INDICATED TO THE
=10 SOFTWARE, THE FIRST WAY IS WITH A TRAP, A TRAP IS AN
INTERRUPTION OF THE INSTRUCTION SEQUENCE OF THE CPU CAUSED BY
THE ATTEMPT TO EXECUTE THAT INSTRUCTION, CONTROL THEN PASSES
TO A TRAP ROUTINE WHICH ATTEMPTS TO SLVE THE PROBLEM, IN ALL
CASES, WHEN A TRAP OCCURS, THE SOFTWARE IS ABLE TO RETRY AND,
IF THE ERROR DOES NOT REPEAT, THE CONDITION HAS  BEEN
SUCCESSFULLY RECOVERED, THE. TRAPS ARES$

1. PAGE FAIL TRAP = PAGE TABLE PARITY ERROKR, CODE 25
2, PAGE FAIL TRAP = AR/ARX DATA PARITY ERROR, CODE 26

THE SECOND WAY IN WHICH ERRORS ARE INDICATED TO THE SOFTWARE IS
BY AN INTERRUPT ON THE APR, INTERRUPTS DIFFER FROM TRAPS IN
THAT THEY ARE USUALLY CAUSED BY AN EXTERNAL ACTIVITY OTHER THAN
AN EBOX REQUEST FOR A MEMORY WORD, FOR EXAMPLE:I AN 1/0
OPERATION, THE CACHE DOING SOME OPERATION SUCH AS WRITE BACK
WHICH 1S NOT IN RESPONSE TO A REQUEST BY THE EBOX, OR THE
READING OF THE REMAINING THREE WORDS TO FILL THE CACHE,  THESE
ARE THEN ASYNCHRONOUS EVENTS AS DISTINGUISHED FROM SYNCHRONOUS
EVENTS, 1IN MANY CASES, THE SOFTWARE IS UNABLE TO RECOVER BY
RETRYING ON ERRORS REPORTED BY INTERRUPTS ON THE APR, IN OTHER
CASES, SUCH AS CHANNEL ERRORS, THE SOFTWARE IS ABLE TO RECOVER
BY MERELY RETRYING THE I/0 OPERATION, HOWEVER, IN ALL CASES OF
AN APR INTERRUPT FOR A DATA PARITY ERROR, PHYSICAL CORE MEMORY
WILL BE SWEPT LOOKING FOR AND RECORDING MURE ERRORS,

THE NEXT DATA COLUMN OF TABLE 4 IDENTIFIES THE TWo KINDS OF
TRAPS, IF A 1, THE FIRST ENTRY INDICATES THAT THE ERROR
OCCURRED IN THE HARDWARE PAGE TABLE, 1S LABELED PAGE TABLE
PARITY ERROR, AND HAS TRAP NUMBER 25, THE SECOND ENTRY IS A
TRAP ON A PARITY ERROR DETECTED BY THE EBOX WHEN DATA IS MOVED
INTO OR OUT OF THE AR OR ARX REGISTERS (CODE 26), THIS ENTRY
1S LABELED AR<ARX DATA PAR, IF NEITHER OF THESE ENTRIES IS
MARKED WITH A 1, THEN NO TRAP OCCURS = ONLY AN INTERRUPT,
INDICATED IN THE PREVIOUS DATA COLUMN, -

THE NEXT DATA COLUMN IN TABLE 4 INDICATES WHICH PART OF THE
MACHINE IS BROKEN WHEN A NON-RECOVERABLE ERRUR OCCURS, THIS
CAN BEST BE SEEN BY REFERRING TO THE BLOCK DIAGRAM OF THE
SYSTEM (FIGURE 1), THE ENTRIES IN THIS COLUMN ARE PAIRS OR, IN
SOME CASES, TRIPLETS, THEY INDICATE WHERE THE ERRORS MAY HAVE
OCCURRED, ' ‘ ‘ ' v

THE MAJOR DATA PATH CAN BE DIVIDED INTO 11 PARTS, OR REGIONS,
FROM THE POINT OF VIEW OF TIDENTIFYING AREAS THAT MAY HAVE
BROKEN (SEE FIGURE 1), THE FIRST REGION 1S FROM THE DMA20 QUT
TO THE MF10 AND BACK TO THE DMA20, THE SECOND REGION IS FROM
THE DMA20 TO THE MB'S; THE THIRD IS FROM THE MB'S TO THE
AR/ARX; THE FOURTH 18 FROM THE MB'S TO THE PAGE TABLE OR IN
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THE PAGE TABLE; THE FIFTH IS FROM THE MB'S TO THE RH20;  THE
SIXTH IS FROM THE RH20'S OUT TO THE DRIVES; THE SEVENTH IS
FROM THE RH20'S TO THE MB'S; THE EIGHTH IS FROM THE AR/ARX TO
THE MBY'S; THE NINTH Is FROM THE MB'S TO THE DMA20; THE TENTH
IS FROM THE MB'S TO THE MA20'S TO THE MB'S; AND THE ELEVENTH
18 FROM THE AR/ARX TO THE CACHE TO THE AR/ARX, THESE ZONES ARE
SUMMARIZED IN TABLE 3, o '

TABLE 3.
ZONE #  DATA PATH

DMA20 TO MG10 OR MF10 TO DMA20
DMA20 TO MB'S

MB'S TO AR/ARX

MB'S TO PT

MB'S TO RH20

RH20 TO MASSBUS DEVICE T0 RH20
RH20 TO MB'S

AR/ARX TQ MB'S

MB'S TO DMA20

MB'S TO MA20 TO MB'S

AR/ARX TO CACHE TO AR/ARX

o ‘
HOVDIRGD W -

THE NEXT COLUMN IN TABLE 4 INDICATES WHETHER THE SQFTWARE CAN
RECOVER BY RETRYING OR BY ABORTING THE PROCESS THAT WAS IN
PROGRESS, NOTICE THAT, IN A LARGE NUMBER OF CASES, THE
SUFTWARE CAN RETRY (Y = YES, N # NO), IF THE ERROR DOES NOT
RE=OCCUR UPON RETRYING, THEN THE SOFTWARE HAS SUCCESSFULLY
RECOVERED FROM THE HARDWARE FAILURE, THIS KIND OF ERROR IS
CALLED A "SOFT"™ ERROR, SOMETIMES THE SOFTWARE WILL NOT BE ABLE
TD SUCCESSFULLY RECOVER AFTER A NUMBER OF RETRYS, THIS KIND OF
ERROR IS8 TERMED A "HARD" ERROR, NOTICE THEN THAT  THE
DISTINCTION BETWEEN SOFT ERROR AND HARD ERRUR IN MANY OF THE
ERRORS LISTED IS DETERMINED DYNAMICALLY BY RETRYING, THOSE
ERORS. THAT ARE LABELED WITH A NO IN THE RETRY COLUMN
EFFECTIVELY ARE HARD ERRORS UPON THEIR FIRST OCCURRENCE,

THE NEXT COLUMN, LABELED CACHE 5WﬁEP, IS COVERED 1IN PARAGRAPH
3.3,1, :

THE LAST TWO COLUMNS IN TABLE 4 LABELED CONFIGURATION, ARE

PROVIDED AS A QUICK REFERENCE TO THOSE ERRORS APPLICABLE O

EITHER A 1080 OR 2040 CONFIGURATION, .

TABLE 3 ITSELF IS DIVIDED INTQ TWO HALVES, THE FIRST HALF I8
REFERRED TO AS "EBOX . DATA PARITY ERRORS", THESE ARE PARITY
ERRORS DETECTED WHEN THE EBOX IS MAKING A RKFERENCE TO  MEMORY,
THE SECOND HALF OF THE TABLE IS CONCERNED WITH ERRORS WHICH
OCCUR WHEN THE CHANNEL IS MAKING REFERENCES TD MEMORY, THESE
RRE REFERRED TO AS "CHANNEL ERRORS",
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3,3 DETAILED DESCRIPTION QF ERRUR RECOVERY

3,3,1 EBOX DATA PARITY ERRORS

ON THE FIRST TWELVE ERRORS (LABELED 01 TO 12 1IN LEFT HAND
MARGIN OF TABLE 3), THE SOFTWARE GETS A TRAP, THE SOFTWARE
WILL THEN RETRY TQ SEE IF IT CAN RECOVER FROM THE ERROR,  THE
SOFTWARE WILL ALSO REPORT THE ERROR AND WAIT TO SEE WHETHER OR
NOT AN APR INTERRUPT WILL OCCUR, THIS CAN HAPPEN IF AN SBUS
ERROR OR A MEMORY DATA (MEM DATA) ERROR OCCURS, THE SOFTWARE
WILL REPORT WHAT BROKE, IT WILL SWEEP CORE DURING THE INTERRUPT
AND IT WILL RETRY THE INSTRUCTION THREE TIMES, IF A TRAP DOES
NOT OCCUR, THEN THE ERROR WAS A SOFT ERROR, IF THE ERROR STILL
OCCURS AFTER THREE TIMES, IT IS A HARD ERROR AND THE MONITOR
MUST DECIDE WHETHER THIS IS A SERIOUS SYSTEM ERROR OR WHETHER
IT 1S A NON=SERIOUS ERROR AND THE SYSTEM CAN CONTINUE TO RUN,
1F THE HARD ERROR WAS IN A MONITOR WRITEABLE PAGE, THEN THE
OPERATING = SYSTEM WILL DECCIDE TO CRASH THE SYSTEM, 1T IS TOO
RISKY TO CONTINUE RUNNING WITH AN ERROR IN A WRITEABLE PAGE
WHICH COULD CONTAIN DATA FOR ALL USERS, .IF THE HARD EROR 1S IN
ANY READ«ONLY PAGE, USER OR MONITOR, THE MONITOR WILL THEN READ
THAT PAGE IN AGAIN FROM THE DISK SINCE A GOOD COPY IS ALWAYS
THERE, IF THE TRAP WHICH OCCURS I8. A PAGE TABLE TRAP, THEN THE
SOFTWARE WILL JUST CLEAR THE HARDWARE PAGE TABLE AND RETRY, ON
ERROR 6 ON THE. APR INTERRUPT, THE SOFTWARE WILL INVALIDATE THE
HARDWARE = PAGE TABLE AND THEN RETRY 3 TIMES, IF THE HARD ERROR:
OCCURRED IN A WRITEABLE PAGE WHICH WAS PRIVATE OR BELONGED TO A
SMALL NUMBER OF USERS,S THEN THE MONITOR WILL CRASH ONLY THOSE
USERS WHO WERE USING THAT PAGE, THUS THE SYSTEM CONTINUES TO

RUN WHENEVER THERE 1S NO DANGER OF USING BAD DATA,

ON ERRORS 13»15, THE SOFTWARE WILL WAIT FOR AN APR SBUS ERROR
OR MEM DATA, IT WILL REPORT WHAT 1S BROKEN, SWEEP CORE, AND
CRASH THE USER IF THE ERROR IS IN USER MODE, IT WILL NOT RETRY
ON ERRORS 13=15, THE SOFTWARE ERROR RECOVERY FOR ERRORS 1618
I5 THE SAME AS THAT FOR ERRUS 1~12, ' »

ERRORS 19 AND 20 ARE READ=PAUSE«WRITE OPERATIONS IN WHICH THE
ERROR OCCURS DURING THE WRITE PART OF THE OPERATION, IN THESE
TWO CASES, THE SOFTWARE IS UNABLE TO RECOVER AND A HARD ERROR
OCCURS ON THE FIRST SUCH FAILURE, ERRORS 21 AND 22 ARE
READ#PAUSE=WRITE ERRORS ON THE READ PART WITH AN INTERNAL
MEMORY, IN THESE TWO CASES, THE SOFTWARE IS ABLE TO RECOVER IN
THE SAME WAY AS ERRORS 1=12, ERROR 23 IS A READ=PAUSE~WRITE
INSTRUCTION WITH INTERNAL MEMORY AND THE ERROR OCCUR DURING THE
WRITE PORTION, HERE AGAIN THE SOFTWARE IS UNABLE TU RECOVER
AND MUST CRASH THE USER OR THE SYSTEM IMMEDIATELY AND NOT
RETRY, o R |

ERRORS 24-52 ARE DATA PARITY ERRORS OCCURRING WHEN THE CACHE I8
TURNED ON AS OPPOSED TO BEING OFF, THE ONLY DIFFERENCE BETWEEN
THE SOFTWARE RECOVERY WHEN THE CACHE IS ON AND WHEN THE CACHE
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18 OFF IS THAT, IN ADDITION TO THE OTHER ERROR RECOVERY
PROCEDURES, THE SOFTWARE MUST SWEEP THE PAGE OUT OF THE CACHE
IN WHICH THE ERROR OCCURRED, THIS IS BECAUSE THE MBOX LOUKS. IN
CACHE BEFORE GOING TO CORE AND WOULD REFERENCE THE BAD DATA
FROM THE CACHE FIRST, 1IN ADDITION IF THE WORD HAS ITS WRITTEN
BIT ON, AN ERROR FOR THAT PAGE WOULD. QCCUR DURING THE SWEEP AND
TRAT USER WILL HAVE TO BE CRASHED,

AS. WHEN. THECACHE IS OFF, IF A TRAP OCCURS, THEN THE SOFTWARE IS
ABLE TO RETRY TO SEE WHETHER OR NOT IT CAN RECOVER, IF ONLY AN
APR INTERRUPT OCCURS, THEN IT IS A FATAL ERROR, ON SOME
ERRORS, BOTH AN APR INTERRUPT AND A TRAP OCCUR 1& WHICH CASE
THE TRAP ROUTINE RETRIES AND THE APR INTERRUPT REPORTS THE
ERROR, A8 USUAL, ERRORS 24»39 ARE ERRORS WHEN THE CACHE IS ON
AND A READ OPERATION IS OCCURRING I[N EXTERNAL OR INTERNAL
MEMORY, THERE 1S ONE DIFFERENCE IN THE ERROR RECOVERY
PROCEDURE WHEN THE CACHE IS ON AND WHEN THE CACHE IS OFF,
CAUSED BY THE FACT THAT PARITY ERRORS CAN OCCUR ON AHY OF THE
OTHER THREE WORDS THAT THE CACHE READS FROM MEMORY WHEN THE
EBOX REFERENCES A SINGLE WORD, IN THESE CASES, THE HARDWARE
DOES NOT CAUSE A TRAP SINCE THE EBGX HAS ‘NOT TRIED TO USE THAT
DATA, INSTEAD, AN APR INTERRUPT IS CAUSED WITH ENOUGH
INFORMATION IN THE ERA REGISTER TO ACCURATELY REPORT THE
PROBLEM EVEN THOUGH NO USER PROCESS OR THE SYSTEM NEEDS TO BE
CRASHED AT THIS TIME, 1IF, AT A LATER TIME, THE EBOX USES ONE
OF THESE BAD WORDS, THEN A TRAP WILL BCCUR AND THE NORMAL RETRY
PROCEDURE CAN BE USED,

THIS NEW KIND OF ERROR IN THE OTHER THREE WORDS OCCURS FOR
ERRORS 26, 28, 31, 33, 36, AND 39, THESE ERRORS ARE INDICATED
WITH AN R IN THE RETRY COLUMN RATHER THAN A YES OR NO, SINCE NO
USER PROCESS NOR THE SYSTEM IS EVER CRASHED AT THE INSTANT THAT
AN EROR OCCURS. IN ONE OF THE OTHER THREE WORDS: READ FROM MEMORY
BY THE CACHE, AGAIN, AS WHEN THE CACHE IS OFF, AN APR
INTERRUPT ALWAYS CAUSES THE SOFTWARE TO SWEEP ALL OF CORE AND
REPORT ALL PARITY ERRORS THAT MIGHT OCCUR DURING THE SWEEP,
ANOTHER COMPLEXITY WITH THE CACHE BEING ON IS A NEW KIND OF
OPERATION = THAT OF THE SWEEPER, OR CCA WRITE, IN THE CASE OF
AN ERROR ON A CCA WRITE SWEEP, NO RECOVERY 1S POSSIBLE AND THE
SOFTWARE MUST ATTEMPT TO CRASH THE USER (OR THE SYSTEM) WHO
LAST MADE USE OF THAT PAGE, THIS CAN BE DONE BY CONSULTING THE
HARDWARE CORE STATUS TABLE (CST) TO SEE WHICH PROCESS MODIFIED
THE PHYSICAL PAGE IN WHICH THE SWEEP WRITE ERROR OCCURRED,
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3,3,2 CHANNEL ERRORS

ERRORS 53 = 80 IN TABLE 3 ARE ERORS IN WHICH THE OPERATION I8
THE CAHNNEL ACCESSING THE MEMORY INSTEAD OF THE EBOX, ERRORS
‘53 = 68 ARE WITH THE CACHE OFF, AND ERORS 69 = 80 ARE WITH THE
CACHE ON, ON CHANNEL ERRORS, THE SOFTWARE IS NOTIFIED IN ONE
OF TWO WAYS AND SOMETIMES BOTH WAYS, THE FIRST WAY IS WITH A
INTERRUPT FROM THE RH20 CONTROLLER DURING OR AFTER THE TRANSFER
HAS OCCURRED, WITH AN ERROR FLAG SAYING THAT A PARITY ERROUR HAS
DCCURERED, THE -SECOND WAY IS BY AN APR INTERRUPT IN WHICH THE
CHANNEL SIGNALS THE EBOX THAT A MEM DATA OR SBUS ERROR HAS
OCCURRED, THE SOFTWARE INTERRUPT ROUTINE WILL RETRY EVERY
OPERATION WHEN THE RH20 INTERRUPT INDICATES A PARITY ERROR
OCCURS, THE APR INTERRUPT CODE WILL SWEEP CORE AND REPORT ALL
PARITY ERRORS THAT HAVE OCCURRED DURING THE SWEEP, IT WILL
ALSO REPORT THE CONTENTS OF THE ERA REGISTER AND OTHER ERROR
INFORMATION GIVEN BY THE APPROPRIATE CONI,

OCCASIONALLY, IT IS POSSIBLE FOR THE RH20 TO THINK THAT A
TRANSFER TO MEMORY HAS COMPLETED SUCCESSFULLY BECAUSE IT
TRANSFERRED EVERYTHING CORRECTLY TO THE CHANNEL, THE CHANNEL,
HOWEVER; IN STORING THE LAST FEW WORDS OF A TRANSFER,
ENCOUNTERED AN ERROR ON THE WRITE TO MEMORY SUCH AS AN SBUS
ERROR, IN THESE RARE CASES, THE CONTROLLER INTERRUPT ROUTINE
WILL THINK THAT TRANSFER OPERATION WAS SUCCESSFUL WHEN IN FACT
THE TRANSFER HAD AN ERROR, THEREFORE, THERE NUST BE SOME
COMMUNICATION BETWEEN THE APR INTERRUPT ROUTINE AND THE RH20
CONTROLLER ROUTINE TO MAKE SURE THAT THIS KIND OF ERROR DOES
NOT GO ON UNDETECTED WITHOUT AN APPROPRIATE RETRY BY THE RH20
SERVICE ROUTINE, ERROR 58 IS AN EXAMPLE OF A CASE WHERE THE
RH20 SERVICE ROUTINE DOES NOT GET AN INTERRUPT SAYING THERE WAS .
AN ERROR, AND ONLY THE APR INTERRUPT OCCURS, IN THIS CASE, THE
APR INTERRUPT ROUTINE IS NOT SURE WHETHER THE ERROR OCCURRED IN
THE CHANNEL OR IN THE PROCESSOR, ERROR 58, BY THE WAY, IS A
CHANNEL DATA WRITE INTO ERROR EXTERNAL MEMORY, THEREFORE, THE
SOFTWARE IN THE APR INTERRUPT ERROR ROUTINE MUST LOOK AT THE
CST IF THE REFERENCED OR MODIFIED BIT IS NOT ON FOR THAT PAGE,
THEN THE SOFTWARE CONCLUDES THAT IT MUST BE THE CHANNEL AND IT
SHOULD GO AND CHECK THE CHANNEL AND HAVE THE RH20 SERVICE
ROUTINE RETRY THE OPERATION, ON ERRORS 59 AND 61, THE RH20 IS
NOT AWARE OF THE ERROR AND ONLY AN APR INTERRUPT OCCURS, IN
THIS CASE, THE APR INTERRUPT ROUTINE IS TOLD THAT IT IS THE
CHANNEL, IT MUST DETERMINE WHICH CHANNEL HAD THE ERROR, AND
RETRY THAT PARTICULAR OPERATION, ERRORS 60 AND 62 LOOK LIKE
ERRORS 59 AND 61; HOWEVER, THE RH20 GETS AN INTERRUPT TOO AND
S0 THE RH20 SERVICE ROUTINE MAY RETRY THE OPERATION AS PART OF
ITS NORMAL ERROR RECOVERY, IN ERRORS 63 = 65 THE PARITY ERROR
OCCURS WHEN THE CHANNEL READS THE COMMAND WORD INSTEAD OF THE
DATA, HERE THE SOFTWARE MUST RETRY THE OPERATION AFTER
BUILDING A NEW COMMAND LIST, ©ERRORS 66 = 68 HAVE APR
INTERRUPTS ONLY AND NOT RH20 INTERRUPTS, WHERE THE ADDRESS IS
IN THE EPT CHANNEL LOGOUT AREA AND THE ERROR OCCURRED WHEN THE
CHANNEL ATTEMPTED TU WRITE THE LOGOUT INFORMATION, HERE THE
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SOFTWARE MUST RETRY THE OPERATION AGAIN, ON ERRORS 71, 74, 77,
AND 80, THE RH20 SERVICE ROUTINE HAS AN EROR INDICATION AND, IN
THESE CASES, SINCE THE CACHE IS ON, THE CACHE MUST BE
INVALIDATED BEFORE THE SOFTWARE RETRYS THE OPERATION,
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3.3,3 ADDRESS PARITY ERRORS

ADDRESS. PARITY ERRORS ARE A NEW KIND OF ERROR DETECTED ON THE
KL10; THEY WERE NOT DETECTED ON THE K110, THEY CAN OCCUR BOTH
ON READS AND WRITES TO MEMORY, ADDRESS PARITY ERROR 1§
DETECTED BY THE MA20 OR THE DMA20, ON A READ, WRITE, OR
READ*PAUSE-WRITE, WHEN THEY LOOK AT THE ADDRESS THAT THE MBOX
18 'REQUESTING TO BE READ OR WRITTEN, ADDRESS PARITY IS REALLY
A SLIGHT MISNOMER IN THAT ADDRESS PARITY IS COMPUTED OVER THE
22-ADDRESS BITS, 4~WORD REQUESTS, READ REQUEST, AND WRITE
REQUEST, ADRESS PARITY IS A WAY OF CHECKING THE BUS AND THE
DRIVERS WHICH EXIST BETWEEN THE MBOX AND THE MA20 OR THE DMA20,

3,3,3,1 MA20 RESPONSE = ON A READ FROM MEMORY IN WHICH THE MA20
DETECTS. AN -ADDRESS PARITY ERROR ON THE ADDRESS LINES COMING
FROM THE MBOX, THE MA20 WILL RETURN FOUR WORDS OF ZEROES WITH
BAD ‘PARITY TO THE MBOX, THIS BAD PARITY SHOULD CONTINUE TO
PERMEATE THROUGH THE SYSTEM, BEING DETECTED AT EACH LEVEL BY
THE PARITY NETWORK, THIS APPROACH DEMONSTRATES THE PRINCIPLE
OF NEVER REGENERATING PARITY BUT ALWAYS CHECKING PARITY AND
PASSING IT ALONG IF IT IS BAD TO THE NEXT LEVEL WHICH WILL ALSO
CHECK IT AND USUALLY FIND IT BAD ALSD, ON A WRITE FROM THE
MBOX TO THE MA20, THE MA20 WILL THROW THE DATA AWAY, THE MA20
WILL NOT WRITE THE DATA INTO MEMORY BECAUSE IT IS NOT CLEAR
WHICH ADDRESS SHOULD BE WRITTEN INTO, SINCE THERE IS A PARITY
ERROR IN THE ADDRESS, ' ' ' ‘

343,3,2 DMA20 RESPONSE - ON BOTH READS AND WRITES, IF AN
ADDRESS PARITY ERROR OCCURS, THE DMA20 WILL NOT RESPOND TO THE
MBOX, INSTEAD, THE MBOX WILL TIME OUT AND GIVE A NORMAL
NON®EXISTENT MEMORY INTERRUPT TO THE CPU ON THE APR, THE DMA20
WILL NOT ATTEMPT TO READ OR WRITE MEMORY, AS WITH THE MA20, IN
ADDITION, THE DMA20 ALWAYS CHECKS ALL ADDRESSES ON THE MEMORY
BUS, WHETHER THE ADDRESSES ARE INTENDED FOR THE MA20 OR THE
DMA20,  THEREFORE, THE DMA20 MAY SEND BACK AN ADDRESS PARITY
ERROR CONDITION TO THE CPU VIA SBUS ADDRESS PARITY ERROR EVEN
IF THE ADDRESS IS FOR THE MA20, ' ' ’

3,3,3,3 ADDRESS PARITY ERROR RECOVERY AND REPORTING = RECOVERY
15 DEPENDENT ON THE OPERATION 1IN PROGRESS AT THE TIME OF
FAILURE, THE OPERATION CAN BE DETERMINED BY EXAMINING BITS 2,
3, AND 6 OF THE ERA, THESE ARE CCA, CHAN, AND WRITE,

ALL READ (FROM MEMORY) OPERATIONS MAY BE RETRIED 3 TIMES SINCE
THE DMA NEVER STARTED THE EXTERNAL MEMORY CYCLE AND THE MA20
SENT 4 WORDS OF 0 WITH BAD PARITY BUT DID NOT DESTROY THE CORE
CONTENTS, THOSE READ OPERATIONS INVOLVING THE CHANNEL (ERA BIT
3%1) MAY BE RETRIED BY RE~ISSUING THE COMMAND TO THE RH20,

IF, AFTER ATTEMPTING '3 RETRIES, THE FAILURE PERSISTS, THE
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MONITOR SHOULD DETERMINE THE OWNER OF THE AFFECTED PAGE OR CORE
AREA AND CRASH THAT OWNER, EITHER A USER OR THE MONITOR ITSELF,
IF THE OWNER IS ONLY A USER, THE MONITOR SHOULD ALSO CONSIDER
RECONFIGURATION OF THE DEFECTIVE HARDWARE,

IF THE OPERATION IN PROGRESS WAS A MEMORY WRITE CYCLE, RECOVERY
IS LIMITED, ONLY THOSE OPERATIONS INVOLVING THE CHANNEL MAY BE
RETRIED BY RE«ISSUING THE COMMANDs TG THE RH20,

IN ALL OTHER CASES, THE OHLY RECOVERY POSSIBLE 1S TQ DETERMINE,
BY EXAMINING THE ERA, THE OWNER OF THE PAGE OR CORE AREA IN
WHICH THE BAD ADDRESS I8 LOCATED, IF THE OWNER IS A USER ONLY
THAT USER MUST BE CRASHED, IF THE OWNER WAS THE MONITOR THEN
THE SYSTEM MUST BE CRASHED, THERE IS NO POSSIBILITY OF
RESTORING READ=ONLY PAGES FOR THE USER OR MONITOR IN THIS CASE
SINCE IF THE AFFECTED PAGES WERE READ»ONLY, THE FAILURE ON A
- MEMORY WRITE CYCLE IS ALSO INDICATING A "WRITE PROTECTION"
FAILURE, ' : - '

FOR THE ERROR REPORTING SYSTEM THE MONITOR SHOULD COLLECT AND
PRESERVE THE FOLLOWING INFDRMATION‘

i, ' SBUS DIAGNODSTIC CYCLE INFD&MATIQN FOR ALL.  MEMORY
CONTROLLERS, (MAZ0'S AND DMA20),

2, ERA

3, CONI APR INFORMATION |

4, RECOVERY PROCEDURE ATTEMPTED, RESULTS, AND RETRY COUNT,
5, WHERE THE FAILURE WAS DETECTED AND WHAT BROKE,
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343,4 NON=EXISTENT MEMORY (NXM)

ALL OF THE ERA REGISTER IS VALID WHEN A NON=EXISTENT MEMORY
ERROR 'OCCURS AND AN APR INTERRUPT IS5 CAUSED, THIS ERROR IS
DETECTED BY THE MBOX BECAUSE THERE IS NO RESPONSE FROM THE MA20
OR THE DMA20 AFTER A PERIOD OF 64 MICRO=SECONDS, THE SOFTWARE
CAN THEN DETERMINE EXACTLY WHICH WORD RECEIVED THE NONwEXISTENT
MEMORY AND WHAT WAS THE SOURCE OF THE REQUEST, IF ADDRESS
PARITY ERROR 1S ALSO SET, THE ERROR IS AN ADDRESS PARITY ERROR
* NOT A NON~EXISTENT MEMORY ERROR;  THAT 1S, THE DMA20 WILL NOT
RESPOND- TO AN ADDRESS IF THERE IS A PARITY ERROR IN THE
ADDRESS, ~ THIS WILL CAUSE THE MBOX TO CONCLUDE THAT THERE IS A
NON=EXISTENT MEMORY BECAUSE OF THE LACK OF A RESPONSE, THUS
THE SOFTWARE SHOULD BE AWARE OF WHAT THE REAL FALURE IS WHEN
BOTH NON-EXISTENT MEMORY AND ADDRESS PARITY ERRORS  ARE
INDICATED IN THE APR ERROR STATUS WORD, IF THE MBOX IS READING
FROM MEMORY WHEN THE NON=EXISTENT MEMORY OCCURS, THE MBOX WILL
SUPPLY FOUR WORDS OF ZEROES TO THE EBOX WITH BAD PARITY, SO
THAT THE EBOX WILL GET A DATA PARITY TRAP WHEN IT USES THE
DATA, THE SOFTWARE SHOULD CHECK TO SEE WHETHER OR NOT THE
ADDRESS BEING REFERENCED IS IN BOUNDS, I,E,, IS IN A MEMORY IN
WHICH THE SOFTWARE EXPECTS IT TO EXIST AND, IF IT DOES, THEN
THE SOFTWARE SHOULD RETRY USING THE NORMAL RETRY MECHANISM AS
IF A DATA PARITY ERROR OCCURRED, THIS RETRY PROCEDURE IS
PROGRAMMED IN THE PARITY TRAP ROUTINE AND WILL HAPPEN NATURALLY
SINCE THE EBOX WILL HAVE DETECTED A PARITY ERROR ON THIS
NONeEXISTENT MEMORY CONDITION, NOTE THAT AN APR INTERRUPT WILL
UCCUR A5 WELL, WITH ERA LATCHED TO THE ERROR WORD, SO THAT THE
SOFTWARE CAN LOG THE ERROR IN THE APR INTERRUPT ROUTINE,

ON WRITES TO MEMORY, AND A NON=EXISTENT MEMORY, THE DATA IN THE
MB'S 1S LOST, HOWEVER, EVERYTHING IN THE ERA REGISTER IS
VALID, . | -

THERE IS ANOTHER FORM OF NON-EXISTENT MEMORY ERROR WHICH CAN
OCCUR IN THE DMA20, THIS ERROR OCCURS IF THE FIRST WORD
REQUESTED BY THE MBOX 1S ACKNOWLEDGED; HOWEVER, IF ONE OF THE
SUBSEQUENT THREE WORDS DOES NOT SEND BACK AN ACKNOWLEDGE WITHIN
28 USEC A NON=EXISTENT MEMORY CONDITION IS INDICATED TO THE
SOFTWARE VIA AN SBUS ERROR INTERRUPT ON THE APR INSTEAD OF VIA
AN NXM ERROR INTERRUPT ON THE APR, THE DMA20 REMEMBERS THE
ADDRESS OF THE SPECIFIC WORD WHICH RECEIVED A NONEXISTENT
MEMORY CONDITION, THE SOFTWARE MAY THEN READ THIS ADDRESS FROM
THE DMA20 USING THE SBUS DIAG FUNCTION, IN THIS CASE THE ERA
IS NOT VALID, | ‘ o

IN ALL CASES OF AN NXM OCCURRING ON A MEMORY WRITE CYCLE FOR -
THE EBOX, THE ONLY RECOVERY PROCEDURE IS TO CRASH THE AFFECTED
USER, IF THE OPERATION INVOLVED A CHANNEL, THEN THE SOFTWARE
MAY RETRY THE I/0 OPERATION, o - '

THE INDICATIONS AVAILABLE TO THE SOFTWARE FOR BOTH ADDRESS
PARITY AND NXM ERORS ARE SUMMARIZED IN TABLE 5, THE ERROR
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NUMBERS ARE SEQUENTIAL TO PROVIDE EASY REFERENCE FOR ALL ERRORS
IN THIS CHAPTER,
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~ 3,3.5 CRAM AND DRAM PARITY ERRORS

ODD PARITY IS GENERATED AND STORED FOR EACH WQRD BY THE
MICRO=CODE ASSEMBLY PROGRAM AND LOADED INTO THESE RAMS EACH
- TIME THEY ARE LOADED, THIS ODD PARITY IS CHECKED EACH TIME A
WORD IN EITHER RAM IS REFERENCED, IF AN ERROR OCCURS AND THE
HALT ON ERROR DIAGNOSTIC FUNCTION IS ENABLED (USUAL), THE EBOX
CLOCK IS HALTED, THE PDP»il1 MUST DETECT THIS AND SAVE THE
ENTIRE INTERNAL HARDWARE STATE OF THE MACHINE USING DIAGNOSTIC
FUNCTIONS FOR LATER INCLUSION IN THE SYSTEM ERROR FILE AND
PRESENT A CONDENSED FORM OF THIS REPORT ON THE OPERATOR'S
CONSOLE,

1F EITHER OF THESE EVENTS OCCUR, THE ERROR RECORDING QVERLAZ IN
THE FRONT END PROCESSOR VALIDATES THE ASSOCIATED RAM, IT
SHOULD GET A COPY OF THE "GOOD"™ CONTENTS (FROM A DISK FILK) AND
DO A WORD FOR WORD COMPARE WITH THE CONTENTS OF THE RAM,

3,3,5,1 SOFT RAM PARITY ERROR

IF NO FAILURES ARE DETECTED, THE KL10 AND ITS MONITOR ARE IN A
CONTINUABLE STATE AND THE ERROR RECORDING OVERLAY SHOULD INFORM
THE OPERATOR OF THE ORIGINAL FAILURE INCLUDING THE ERROR, BAD
DATA AND ADDRESS, AND THE FACT THAT A CONTINUE IS BEING
ATTEMPTED, IT SHOULD THEN COPY QUT TO THE RP04 THE FAILURE
INFORMATION, TURN OFF THE =10 PI SYSTEM, AND ASK THE KERNAL TO
RESTART THE =10 AT THE "WARM RESTART" LOCATION,

THIS =10 RESTART ROUTINE WILL RESTART I/0 AND DETERMINE WHICH
USER (OR THE MONITOR) WAS RUNNING AT THE TIME OF THE ERROR AND
CRASH THAT USER,

3.3,5,2 HARD ‘RAM PARITY ERROR

IF THE VERIFICATION OF THE RAM SHOWS ANY ERRORS, THEN EACH BAD
DATA WORD AND ADDRESS SHOULD BE PRESENTED TO THE OPERATOR ALONG
WITH THE "GOOD DATA"™ FROM THE DISK FILE, THIS INFORMATION
SHOULD ALSO BE INCLUDED IN THE RP04 FILE ALONG WITH THE ENTIRE
INTERNAL HARDWARE STATE OF MACHINE, THEN THE FRONT END MUST
RELOAD AND VERIFY ALL RAMS, IF  VERIFICATION ERROURS STILL
OCCUR, INFORM OPERATOR TO CALL FIELD SERVICE, IF VERIFICATION
SUCCEEDS, TURN OFF <10 PI AND RESTART =10 MONITOR AT THE "WARM
RESTART" LOCATION, THE MONITOR WILL ATTEMPT THE SAME RECOVERY
AS ABOVE, : '

THE AFFECTS OF THIS ERROR RECOVERY MAY BE SUMMARIZED WITH THE
FOLLOWING TABLE, AGAIN, THE ERROR #'S ARE SEQUENTIAL FOR EASY
REFERENCE, -

ERROR ¢ FAILURE TYPE  ACTION IMED,  RELOAD CRAM  DRAM
| VERIFY VERIFY RESULT RESULT
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89 SOFT=NONRELOAD PASS -
RAM

90 SOFT®RELOAD  FAIL PASS
RAM |
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3,3,6 CACHE DIRECTORY PARITY ERROR

IN THIS CASE THE ERROR IS FIRST DETECTED BY THE <10 MONITOR
WHOSE RECOVERY PROCEDURE IS TO HALT LEAVING INDICATION OF WHY
AVAILABLE TO THE =11 KERNAL, THE KERNAL, HAVING SEEN THE HALT
BECAUSE OF THIS ERROR, WILb STOP THE EBOX CLOCK AND CALL THE
ERROR RECORDING OVERLAY,

AFTER THE OVERLAY HAS DETERMINED THAT THIS IS THE FAILURE IT
SHOULD USE DIAGNOSTIC FUNCTIONS TO SCAN ALL OF THE CACHE
LOOKING FOR MURE ERRORS, IF 'ERRORS ARE FOUND, THE CACHE
INFQRMATIQN INCLUDING CACHE # AND ADDRESS SHOULD BE PRESERVED,

AT THE END OF THE SWEEP, IF ERRORS WERE DETECTE&; THE OVERLAY
SHOULD ASK THE OPERATOR ABOUT RECONFIGURING THE CACHE WITH THE
SUGGESTION THAT THE BAD CACHE BE TURNED OFF, IF NO RESPONSE IS
GIVEN (UNATT@&D&& OPERATION) THE OVERLAY SHOULD TURN OFF ALL aF
CACHE AND INFORM THE OPERATOR,

IF MORE THAN 1 CACHE DETECTED A FAILURE DURING THE SWEEP, ALL
OF THE CACHE SHOULD BE TURNED OFF DURING THE OPERATOR DIALOGUE
SINCE THIS FAILURE IS MORE INDICATIVE OF A CONTROL PROBLEM
VERSUS A CACHE RAM PROBLEM, .

1F NO ERRORS WERE DETECTED BY THE 5WEEP1 THE QVERLAY SHOULD ASK
THE OPERATOR WHETHER TO TURN OFF ALL OF CACHE OR NOT WITH A
SUGGESTION TO LEAVE CACHE ON IF THIS IS THE FIRST FAILURE,
AGAIN, IF NO RESPONSE 18 RECEIVED, ALL OF THE CACHE SHOULD BE
TURNED OFF, BUT ALWAYS THE OVERLAY WILL WRITE OUT THE
INFORMATION ON THE RP0O4 AND TELL THE OPERATOR OF THE FAILURE
AND ACTION TAKEN,

WITH ALL FAILHRES THE GVERLAY WILL INITIATE A FULL RELOAD OQF
THE SYSTEM AFTER RECGRDIHG THE INFORMATION AND RECONFIGURING
THE CACHE,

THE DEFAULT ACTION DURING UNATTENDED OPERATION (LEAVE THE CACHE
ON OR OFF) SHOULD BE A SITE PARAMETER BUT THE SAFEST METHOD 1s

" TO TURN THE CACHE OFF,
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3,3,7 FAST MEMORY PARITY ERROR

'EACH WORD STORED IN FAST MEMORY HAS ODD PARITY GENERATED AS IT
LEAVES THE AR, PARITY 1S CHECKED IF THE FAST MEMORY WORD IS
BEING READ OUT THROUGH THE ADB MIXER, IF AN ERROR [S DETECTED,
THE EBOX CLOCK IS HALTED IF THE HALT FUNCTION I8 ENABLED BY THE
CONSOLE PROCESSOR (USUAL), I ”

AS WITH CRAM AND DRAM PARITY ERRORS, THE PDPw=11 MUST DETECT THE
ERROR AND THE ERROR RECORDING UVERLAY WILL RECORD THE HARDWARE
MACHINE STATE, AFTER THE MACHINE STATE HAS  BEEN -SAVED, THE
ERROR RECORDING OVERLAY SHOULD ALSO SCAN ALL OF FAST MEMORY
LOOKING FOR MORE ERRORS AND PROVIDE LOGICAL "ANDS" AND "ORS" OF
THE BAD DATA AND ADDRESS WORDS IF ANY ERROURS OCCUR,

3,3,7,1 SOFT FAST MEMORY PARITY ERROR = IF NO ERRORS ARE
DETECTED OR ALL THE ERRORS ARE IN THE SAME BLOCK OF FAST
MEMORY, THE ERROR RECORDING OVERLAY SHOULD INFORM THE OPERATOR
OF ALL FAILURE INFORMATION, WRITE OUT THE RPO4 FILE, TURN OFF
THE =10 PI SYSTEM, AND ASK THE KERNAL TO RESTART THE =10 AT THE
"WARM RESTART" LOCATION, THE =10 MONITOR WILL THEN CRASH ONLY
THE AFFECTED USER, ; |

3,3,7,2 HARD FAST MEMORY PARITY ERROR = IF ERRORS ARE FOUND 1IN
MORE THAN { BLOCK OF FAST MEMORY ADDRESSES, THE ERRQR RECORDING
OVERLAY WILL WRITE OUT THE RP04 FILE, AND INFORM THE OPERATOR
ALL FAILURE DATA WITH THE ADDITIONAL REQUEST T0o CALL FIELD
SERVICE, o
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3,3,8 EBUS PARITY ERROR

THE AR PARITY TREE GENERATES ODD PARITY FOR ALL DATAC AND CONO
WURDS DESTINED T0 BE OUTPUT ON THE EBUS, ALL DEVICES MAY CHECK
THIS PARITY, CURRENTLY THE DTE20 CHECKS PARITY ON DATAO
OPERATIONS, BUT NOT ON CONO, ALL DEVICES MAY GENERATE ODD
PARITY FOR ALL WORDS THAT THEY TRANSMIT TO THE EBOX OVER THE
EBUS IF THEY DESIRE AND GENERATE THE APPROPRIATE EBUS. SIGNAL
INDICATING PARITY HASBEEN GENERATED,

ALL WORDS ENTERING THE AR/ARX FROM THE EBUS ARE CHECKED FDR
CORRECT PARITY IF PARITY HAS BEEN GENERATED BY THE TRANSMITTING
DEVICE, IF AN ERROR IS DETECTED, AN 1/0 PAGE FALL - INTERRUPT
OCCURS AND THE MONITOR HAS THE ABILITY TO DETERMINE THAT THE
BAD DATA WAS RECEIVED FROM THE EBUS, THE INFORMATION COLLECTED
FOR ERROR REPORTING SHOULD BE THE SAME AS FOR OTHER OCCURANCES
OF THE SAME APR INTERRUPT, NOTE THAT AN ~11 DEPOSIT TO =10
MEMORY CAN CAUSE A PARITY INTERRUPT WHICH HAS NOTHING TG DO
WITH THE =10 INSTRUCTION BEING EXECUTED, THIS INTERRUPT SHOULD
BE TREATED LIKE AN INTERRUPT BY THE =10 MONITOR, THE CURRENT
USER SHOULD BE CONTINUED, AS WITH ALL PARITY TRAPS, THE =10
MONITOR WILL TELL THE =11 THAT THE DEPOSIT FAILED AND THE ~10
WILL LOG THE FAILURE IN THE LOG FILE,

THE RECOVERY PROCEDURE SHOULD RETRY THE 1/0 OPERATION 3 TIMES
AND IF THE FAILURE PERSISTS CRASH THE SYSTEM SINCE A VERY BASIC
PART OF THE SYSTEM HAS FAILED,
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4, GENERALIZED FLOW CHARTS FOR ERROR RECOVERY

INFORMATION IS PRESENTED HERE TU DESCRIBE THE ACTIONS OF THE
VARIOUS ERROR RECOVERY ROUTINES, THE FLOW CHARTS START AT THE
POINT AFTER THE ERROR HAS BEEN ﬂETEﬁMINED. FOR EXAMPLE, AN APR

~ INTERRUPT MAY OCCUR FOR MANY REASONS BUT THE FLOW FOR A MEMORY

DATA PARITY ERROR STARTS WHEN IT IS KHQ“N THAT THIS 18 THE
REASON FOR THIS INTERRUPT,

IN SOME CASES RECOVERY IS NOT POSSIBLE BY THE =10 MONITOR, SUCH
AS CACHE DIRECTORY PARITY ERRORS, THESE ARE NOT COVERED HERE,
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4.1 PAGE FAIL TRAP FOR AR/ARX PARITY ERROR, (CODE 26)

AFTER DETERMINING THAT THIS PAGE FAIL TRAP HAS OCCURED BECAUSE
OF AN AR/ARX PARITY ERROR, THE TRAP ROUTINE SHOULD CHECK TOSEE
IF AN APR INTERRUPT IS IN PROGRESS (SUFTWARE FLAG "A") AND IF
S0, SAVE THE BAD DATA WORD FROM AC BLOCK 7 WORD, SET THE ERROR
DETECTED FLAG (SOFTWARE FLAG "D"), AND RETURN TO THE INTERRUPT,

IF FLAG "A"™ IS NOT SET, THE ROUTINE CHECKS TO BSEE 1IF THE
PHYSICAL ADDRESS IS THE SAME AS THE LAST BAD PHYSICAL ADDRESS
SEEN FOR THIS PROCESS, IF THE ADDRESS IS NOT THE SAME, THE
ROUTINE WILL SAVE INFORMATION FOR ERROR RECORDING, INITIALIZE
THE RETRY COUNT, AND PERFORM THE FIRST RETRY BY ADDRESSING THE
BAD PHYSICAL WORD, IF THE REFERENCED WORD IS STILL BAD ANOTHER
TRAP WILL OCCUR AND ACTION FOR THIS IS DESCRIBED IN PARAGRAPH

40141,

IF THIS REFERENCE IS SUCCESSFUL (NO RECURSIVE TRAP) WE MAY
ASSUME THE USER WILL RECOVER SO THE ERROR LOGGER IS CALLED FOR
A SOFT ERROR, THIS FIRST RETRY IS DONE BY THE TRAP ROUTINE SO
THAT 1IF THE REFERENCE 1S SUCCESSFUL THE TRAP ROUTINE IS STILL

ACTIVE AND CAN CALL THE LOGGER,

4,1,1 IF THE PHYSICAL ADDRESS IS THE SAME AS THE LAST "BAD"
PHYSICAL ADDRESS SEEN FOR THIS PROCESS, THE ' ROUTINE WILL
DECREMENT THE RETRY COUNT AND IF THE COUNT IS GREATER THAN 0,
DISMISS BACK TO THE USER VIA THE SAVED PC FOR ANOTHER RETRY,
IF THE RETRY COUNT IS NOT GREATER THAN 0 (I,E,, = 0, 3 RETRIES
PERFORMED) THE TRAP ROUTINE WILL CALL THE ERROR LOGGER TO
RECORD A HARD ERROR AND THEN CRASH THE AFFECTED PROCESS (EITHER
THE USER OR SYSTEM), ” o | |

UNDER CERTAIN CONDITIONS, 2 ENTRIES FOR THE ERROR RECORDING
SYSTEM MAY OCCUR FOR THE SAME ERROR, THIS CAN HAPPEN IF THE
FIRST RETRY (MADE BY THE TRAP ROUTINE) IS SUCCESSFUL AND THE
ROUTINE CALLS THE LOGGER FOR A SUFT ERROR; BUT ALL 3 OF THE
RETRIES PERFORMED BY THE USER ARE UNSUCCESSFUL AND THE TRAP
ROUTINE AGAIN CALLS THE ERROR LOGGER TO RECORD THE HARD ERROR,
THIS 18 EXPECTED T0 BE A RARE CASE BUT SHOULD BE WELL
DOCUMENTED IN THE ERROR REPORTING DOCUMENTATION, '
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4,2 APR INTERRUPT FOR MEMORY DATA PARITY ERROR

AFTER DETERMINING THAT THIS INTERRUPT WAS CAUSED BY A MEMORY
DATA PARITY ERROR (FOR EITHER A READ OR WRITE CYCLE) THE
INTERRUPT ROUTINE WILL CHECK TO SEE IF A CORE SWEEP IS ALREADY
1N PROGRESS, 1IF NOT IT WILL SET THE "SWEEPING" FLAG, SAVE THE
ERROR INFORMATION REQUIRED, SET THE SWEEP FLAG "A" FOR THE
AR/ARX TRAP ROUTINE, INITIALIZE THE SWEEP ADDRESS AND CLEAR THE
APR FLAGS, THE ROUTINE WILL THEN ADJUST THE INTERRUPTED PC
VALUE TO POINT AT THE SWEEP REFERENCE ROUTINE AND DISMISS THE
INTERRUPT,

THE SWEEP REFERENCE ROUTINE WILL REFERENCE THE SWEEP ADDRESS
(1,£,, MOVE AC, SWEEP ADDR) AND AN AR/ARX TRAP MAY OCUR SAVING
THE BAD DATA WORD, WHEN THIS TRAP ROUTINE IS FINISHED, IT WILL
RETURN TO THE SﬁEEPKﬂ AFTER SETTING THE "D" FLAGc

THE SWEEPER WILL CHECK THE "D" FLAG AND, IF SET, SAVE THE BAD
DATA WORD IN THE SWEEP ERROR TABLE, IT WILL THEN CHECK TO SEE
IF THE CURRENT LOCATION IN THE SWEEPER ERROR TABLE HAS BEEN
USED, THIS LOCATION CAN BE USED BY EITHER THE AR/ARX TRAP
ROUTINE OR THE APR INTERRUPT ROUTINE, IF THE CURRENT POSITION
IN THE ERROR TABLE HAS BEEN USED THE POINTER WILL BE
INCREMENTED; THE SWEEP REFERENCE ADDRESS WILL ALWAYS BE
INCREMENTED, IF THE SWEEP IS NOT FINISHED, THE ROUTINE WILL
REFERENCE THE NEXT ADDRESS AND CONTINUE THE SWEEP,

WHEN THE SWEEP IS FINISHED THE ROUTINE WILL CLEAR  THE
"SWEEPING" FLAG AND THE "A" FLAG, CALL THE ERROR=LOGGER AND
DISMISS VIA THE ORIGINAL SAVED P,C,

4,2,1 ERROR DETECTED DURING THE SWEEP WILL CAUSE ANOTHER APR
INTERRUPT OR AN AR/ARX PARITY ERROR TRAP OR BOTH, THE AR/ARX
PARITY ERROR TRAP ROUTINE IS DESCRIBED IN PARAGRAPH,  THE
INTERRUPT ROUTINE WILL SEE THE "SWEEPING" FLAG SET, SAVE THE
ERROR INFORMATION IN THE CURRENT LOCATION IN THE SWEEP ERROR
- TABLE, INCREMENT THE SWEEP ERROR COUNTER, CLEAR THE APR FLAGS
AND DISMISS THE INTERRUPT (BACK TO THE AR/ARX TRAP ROUTINE OR
THE CORE SWEEPER),

THE BAD DATA DETECTED BY A CORE SWEEP IS ONLY HELD FOR ERROR
REPORTING AND IS NOT CORRECTED (RE~WRITTEN WITH GOOD PARITY)
NOR ARE ANY RETRIES PERFORMED, NO USERS ARE CRASHED BECAUSE IT
IS NOT ALWAYS CLEAR HOW MANY USERS AND WHO SHOULD GET THE AXE,
INSTEAD IT IS A FUNCTION OF THE AR/ARX PARITY ERROR TRAP
ROUTINE AND/OR THE RH20 ROUTINES TO PERFORM THE RETRYS AND
CRASH USERS IF UNSECCESSFUL,
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4,3 PAGE FAIL TRAP FOR PAGE TABLE PARITY ERROR (CODE 25)
TO BE SUPPLIED

4,4 APR INTERRUPT FOR ADDRESS PARITY ERROR

T0 BE SUPPLIED

4,5 APR INTERRUPT FOR NXM
T0 BE SUPPLIED
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5, SYSERR SAMPLE OUTPUT

'THE FOLLOWING ARE SAMPLE OUTPUTS FROM SYSERR, THE REPORT
GENERATING PORTION OF THE MONITOR ERROR REPORTING PACKAGE.
THESE SHOULD NOT BE CONSIDERED ABSOLUTE WITH REGARD TO FORM AND
CONTENT BUT ARE INCLUDED AS GUIDELINES TO DETERMINE WHAT
INFORMATION SHOULD BE PRESERVED BY THE OPERATING SYSTEM,

5.1 FAST AC PARITY ERROR

THE LGGICAL "AND® AND "QR® QF THE BAD ADDRESSES SHOULD INCLUDE
THE AC BLOCK NUMBER,

bdtaat s 2222 A2 TR LIS T ITLE 2
FAST AC PARITY ERROR SYS # 1037
AT: 10314 ON3 15=JULY=74
A A I R e R R T
‘#%¥#(NOTE: INFORMATION MUST BE COLLECTED BY THE 11,)#%#

STATUS AT FAILUREj

BLOCK3: 2
AC#H: 12
BAD DATAS} 123456, ,654321

RECQVERY? CONTINUE=CRASH USER
SYSTEM HALT
ETC,
SWEEP INFORMATION:
# ERRORS DETECTED: 3
LOUGICAL "AND" OF BAD ADDRESSESS ABC
LOGICAL "OR" QF BAD ADDRESSES: ' CBA
LOGICAL "“AND"™ OF BAD DATA: XWzZ
LOGICAL "OR" OF BAD DATA% ZWX
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5,2 EBUS PARITY ERROR

THIS REPORT COVERS THOSE ERRORS DETECTED BY THE CPU, EBUS
PARITY ERRORS DETECTED BY I/0 DEVICES SHOULD BE REPORTED UNDER
HEADINGS OF THAT DEVICE WHICH DETECT THE ERROR,

T ——
E=BUS PARITY ERROR S5YS8 # 1037
AT: 10:14 ON: 15=JULY=74
et 2 S S R RS RSt a2 sl

'ﬁTATUS AT ERROR}

OPERATIONS DATAI XYZ
BAD DATA WORD; 123456,,654321
RECOVERY 3 RECOVERABLE

RETRY COUNT3 2

5,3 CRAM PARITY ERROR

INFORMATION IN PARENTHESES IS NOT INCLUDED IN FINAL OUTPUT BUT
ARE ONLY EXPLANATORY NOTES,

ba A3 2222322 ISR SYEE ST S
C=RAM PARITY ERROR SYS ¢ 1037
AT: 13:03 ONt . 28=0CT=75
*-Hb****i******&*****#*i***%***
#%#(NOTE: INFORMATION MUST EE COhLECTﬁD ‘BY THE 11,)%%%

STATUS AT FAILURE:

IFs 254000
LAST ADDR ACCESSED: 432
CR WAS: 123456123456,,654321654321
SHOULD BE: ' 123456123456,,454321654321
DIFF3 000000000000,,200000000000
- RECOVERY$ SOFT«NONRELOAD,CRASH USER
HARD,SYSTEM CRASH
ETC,..
SWEEP INFORMATION
'# ERRORS DETECTED$ 3
LOGICAL "AND" CF ADDRESSES: - XYZ
- LOGICAL "OR" CF ADDRESSES3 - XYZZ

LOGICAL "AND" CF DATE; ABC
LOGICAL "OR" CF DATA:  ABCD

ADDR, GOOD DATA OBSERVED DATA DIFFERENCHE

(INFORMATION PRESENTED HERE FOR FIRST & FAILURES DETECTED
DURING SWEEP)
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5.4 D=RAM PARITY ERROR

_INFORMATION IN PARENTHESIS IS NOT INCLUDED IN FINAL QUTPUT BUT
ARE ONLY EXPLANATORY NOTES, .

AR L2 2222 R 22222 22 2
D=RAM PARITY ERROR SYS # 1037
AT 13305 ON313=JUN=T4
FU I N NI 00 I I I
##%(NOTES INFORMATION MUST BE COLLECTED BY THE 11,)%¥»

STATUS AT FAILURE:

IFs 254000
DR -ADDRESS? 254
DeRAM J3 123
DR WAS1 12345670
SHOULD BE: 12345674
DIFF3: | 00000004
RECOVERY? SOFT=RELOAD, CONTINUE USER
HARD, CRASH SYSTEM
. ETC, -
SWEEP INFORMATION: .
# ERRORS DETECTED: 3
- LOGICAL "AND"™ OF ADDRESSES: XYz
LOGICAL "OR"™ OF ADDRESSES: XYZZ

LOGICAL "AND" OF DATA: ABC
LOGICAL "OR" OF DATA:  ABCD

ADDR> GOOD DATA ’ OBSERVED DATA  DIFFERENCE

(INFORMATION PRESENTED HERE FQR FIRST 6 FAILURES DETECTED
DURING SWEEP) '
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5.5 KL10 DATA PARITY ERROR

THIS REPORT WILL BE GENERATED FOR ANY ERROR DETECTED 1IN THE
‘MAJOR DATA PATH BY THE DMA, MB, PT, OR AR/ARX, :

THE "BAD DATA WORD" IN THE SECOND SECTION IS LISTED AS
"(SUSPECTED)" 1IF THE ORIGINAL FAILURE DID NOT INVOLVE THE EBOX
AND THE MOVE INSTRUCTION (TO GET THE DATA TO THE EBOX) FAILED
TO CAUSE A TRAP, '

LA 223 A2 SRS Y S 2
KL10 DATA PARITY ERROR SYS # 1037
AT: 10314 ON:  1SeJULY=74
LA g2 2222222221 22222222222

DATA PARITY ERROR TOTALS FOR CPLO

REPRODUCABLE: 2
NON-REPRODUCABLE 0
USER ENABLED: 0
CORE SWEEPS: 1

DETECTED BY DATA .
CHANNEL BUT NOT

BY CPU3 0
CONTINUES AFTER PE} 0
STATUS AT ERROR:
CONI APR3 12345 = TEXT
ERA: 123456,,654321 = TEXT

PHYSICAL MEM ADDR,
AT FAILURE}; 12345670
(SUSPECTED) BAD DATA WORD: ’ 123456,,654321

ERROR FIRST DETECTED BY: MB
PROBABLE BAD DATA PATH: SBUS TC MB, MEMORY

RECOVERY: CONTINUE USER
RETRY COUNT: 1

SWEEP INFORMATIONG
ERRORS DETECTED: 2
ERROR FIRST DETECTED BY: MB
PROBABLE BAD DATA PATH: SBUS TO MB, MEMORY
LOGICAL "AND" OF BAD

PHYSICAL ADDRESSES!. 654321
LOGICAL "OR" OF BAD

PHYSICAL ADDRESSESS 654321

LOGICAL "AND" OF BAD DATA:  000001,000000
LOGICAL "OR* OF BAD DATA% 171776,717777

SYSTEM MEMORY MAP3 |
INTERLEAVE MODE: 1,2,0R 4

CONTROLLER #03 MA20, 32K
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STARTING ADDR: 000000
(REPEATED FOR EACH CONTROLLER ON THE SYSTEM)

DMA«20: g 128K
STARTING ADDR: 177777
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9¢6 KL10 ADDRESSING FAILURE

THIS REPORT WOULD BE GENERATED ANY TIME EITHER ON NXM OR
ADDRESS PARITY ERROR IS DETECTED, THE "BAD ADDRESS" FROM THE.
DMA 18 LISTED ONLY IF THE DMA DﬁTECTED THE ERROR,

LE L 222222222 TR TR T YT
KL10 ADDRESSING FAILURE SYS # 1037
AT: 10314 . ON: 15=JULY=74

A2 212 S22 T LT T TRT ST TR LT E

ADDRESS PARITY ERROR TOTALS FOR CPLO

REPRODUCABLE 2
NON=REPRODUCABLES 0
USER ENABLED: : 0
CORE SWEEPS: 1

DETECTED BY DATA
CHANNEL BUT NOT

BY CPU: 0
CONTINUES AFTER PE3 0
NXM ERROR TUTALS FOR CPLO
REPRODUCABLE?$ 2
NON-REPRODUCABLE 3 0
USER ENABLED$ 0
CORE SWEEPS: 1
DETECTED BY DATA
CHANNEL BUT NOT
BY CPU? 0
CONTINUES AFTER PE3 0
STATUS AT ERROR}
ERRQR$ 5=BUS ADDR, PARITY ERROR
R DETECTED BY DMA=20
CONI APR$ 12345 = TEXT
ERA} 123456,,654321 = TEXT

BAD ADDR, (FROM DMA)$ 12345670

RECOVERY ¢  CONTINUE USER
RETRY COUNT: 1

SWEEP INFORMATIONG

ERRORS DETECTED3 2
LOGICAL "AND" OF BAD |
PHYSICAL ADDRESSES! 654321
LOGICAL "OR" OF BAD |
PHYSICAL ADDRESSES: 654321

SYSTEM MEMORY MAP3 >
INTERLEAVE MODE; 1,2,0R 4

- CONTROLLER #03: MA20, 32K
- STARTING ADDR; 000000
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(REPEATED FOR EACH CONTROLLER ON THE SYSTEM)

DMA=201 128K
STARTING ADDR; 177777
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547 CACHE DIRECTORY PARITY ERROR

THE CACHE RECONFIGURATION IS THE RESULT OF THE DPERATOR
DIALOGUE AFTER THE ‘CACHE -SWEEP BY THE =11, IF ONLY 1 CACHE
FAILED AND WAS TURNED OFF, ONLY THAT CACHE NUMBER WOULD BE
LISTED, ‘ v '

LA 22 2 LRSI IRT S T AEAY T
CACHE DIRECTORY PARITY ERROR SYS # 1037
AT: 10314 ONt 23=SEPT=74
a2 222 2T 22T SRR EET T

##NOTE® INFORMATION MUST BE COLLECTED BY THE 11##s

SWEEP INFORMATION; /

# ERRORS DETECTED: 3
LOGICAL "AND" OF ADDRESSESS ABCD
LOGICAL "OR" OF ADDRESSES% DCBA
CACHE #'S WITH FAILURES 2,3

CACHE CONFIGURATION AT ERROR:  ALL CACHE ON
CACHE RECONFIGURATION ~ ALL CACHE OFF
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APPENDIX
TESTING KL10 ERROR REPORTING LOGIC

THE FOLLOWING 18 A DESCRIPTION OF HOW TO CAUSE HARDWARE
DETECTABLE ERRORS ON THE KL10, ALMOST ALL THE ERRORS CAN BE
CAUSED ENTIRELY BY SOFTWARE MEANS, A FEW CASES REQUIRE SOME
MANUAL INTERVENTION IN THE FDR% OF SWITCH THROWING TO SWITCH
HARDWARE OFF LINE IN ORDER TO CAUSE THE ERROR, THESE CASES
HAVE BEEN KEPT TO A MINIMUM, ‘ '

1, DATA PARITY

THE DATA PARITY LOGIC CAN BE TESTED BY WRITING EVEN ?ARITY FROM
THE AR,

EVEN (BAD) DATA PARITY CAN BE GENERATED ON WRITES TQ MEMORY BY
EXECUTING A *"CONO .PI"™ WITH BIT 19 (WR EVEN DATA PARITY BIT)
EQUAL TO 1 BEFORE DOING THE WRITE, ANY WORDS WRITTEN WHILE
THIS BIT IS ON WILL BE WRITTEN INTO MEMORY (CACHE) WITH EVEN
PARITY, IF THIS BIT IS ON AND ANY AC'S ARE WRITTEN THE DATA IN
THE AC'S WILL BE WRITTEN WITH BAD PARITY,

IF THE WORD GUES DIRECTLY TU MEMORY WITHOUT GOING THROUGH THE
CACHE THEN AN MB PARITY ERROR WILL BE DETECTED BY THE PARITY
CHECKER ON THE MB'S AS THE WORD GOES TO MEMORY, THIS WILL
CAUSE THE MB PARITY APR FLAG TO SET IN THE ?RGC&SSOR,

IF THE WORD WITH EVEN PARITY GOES TO THE CACHE THEN IT WILL SIT
IN THE CACHE UNTIL A WRITEBACK OCCURS FOR THE QUADWORD
CONTAINING THE WORD, THIS CAN BE CAUSED EITHER BY A CACHE
SWEEP OR BY REFERENCING THE SAME LINE IN FOUR OTHER PAGES, IN
ELTHER CASE THE PARITY ERROR WILL BE DETECTED ON THE WRITEBACK
INSTEAD OF ON THE ORIGINAL WRITE,

AFTER THE WORD LEAVES THE MB'S IT WILL BE PARITY CHECKED AT THE
DMA20 IF ONE EXISTS AND THE ADDRESS IS IN THE CORRECT RANGE,
IF THE DMA20 DETECTS BAD PARITY IT WILL SEND SBUS ERROR TO THE
PROCESSOR AND THIS WILL CAUSE THE SBUS APR FLAG TO SET,

IF BAD PARITY WAS WRITTEN INTOU ONE OF THE AC'S THEN THE EBOX'S
CLOCK WILL STOP IF THE AC IS READ AFTER THE BAD PARITY WAS
WRITTEN,

PARITY ON READS CAN BE CHECKED BY WRITING A WORD WITH BAD
PARITY INTO MEMORY AND THEN READING IT BACK, ON THE WAY TO THE
PROCESSOR THE WORD WILL BE PARITY CHECKED AT THE DMA20, MB'S,
AND IN THE AR OR ARX, THIS CHECKING WILL CAUSE THE SBUS. AND MB
PARITY APR FLAGS AND AN AR OR ARX PARITY PAGE FAIL,
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2, PAGE TABLE PARITY (KI=MODE PAGING)

THE PAGE TABLE PARITY LOGIC CAN BE CHECKED BY WRITING BAD
PARITY INTO A WORD OF THE CORE COPY OF A JOBS PAGE TABLE, NEXT
THE JOB SHOULD BE STARTED AND IT SHOULD REFERENCE THE TWO PAGES
FOR WHICH THE CORE PAGE TABLE HAS A WORD WITH BAD PARITY, THE
REFERENCES SHOULD IMMEDIATELY PAGE FAIL WITH A CODE. OF 25,
BOTH HALF WORD ENTRIES SHOULD BE REFERENCED TO MAKE SRE THAT AL
OF THE PAGE TABLE PARITY LOGIC IS WORKING, ’

3, PAGE TABLE PARITY (KLwMODE PAGING)

IN KL PAGING MODE, BAD PARITY CAN BE WRITTEN INTO THE PAGE
"TABLE BY CAUSING A REFILL WHILE “WR EVEN DATA PARITY" IS SET,

4, CHANNEL DATA AND COMMAND WORD PARITY

CHANNEL DATA AND COMMAND WORD PARITY CAN BE CHECKED BY WRITING
DATA OR COMMAND -WORDS WITH BAD PARITY INTO MEMORY FROM THE:
PROCESSOR, NEXT A CHANNEL WHICH WILL USE THE BAD DATA OR
COMMAND WORDS CAN BE STARTED, '

IF A COMMAND WORD WITH BAD PARITY IS PICKED UP THE CHANNEL WILL
SHUT DOWN AND STORE STATUS INFORMATION IN ITS LOGOUT AREA IN
THE EXEC PROCESS TABLE, ’ ' '

IF A DATA WORD WITH BAD PARITY IS FETCHED THE ACTION OF THE
CHANNEL IS DEPENDENT ON WHAT ERROR CHECKING IS. ENABLED IN RH20,
THIS ACTION CAN RANGE FROM TERMINATING THE TRANSFER AND
INTERRUPTING THE PROCESSOR 'TO IGNORING THE [ERROR, IF THE
TRANSFER 1S TERMINATED THE CHANNEL WILL "STORE STATUS IN THE
EXEC PROCESS TABLE, v ‘

1IN BOTH CASES THE MB PARITY APR FLAG WILL BE SET WHEN THE BAD
WURDS ARE TAKEN OUT OF THE MB'S BY THE CHANNEL, '

DATA GOING FROM THE DEVICE TO MEMORY CAN BE CHECKED BY WRITING
A WORD WITH BAD PARITY INTO MEMORY, WRITING IT OUT TO THE
DEVICE WITH DATA PARITY CHECKING DISABLED IN THE RH20, AND THEN
READING IT BACK WITH THE PARITY CHECKING ENABLED, |
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S5, AR AND ARX PARITY

THE AR PARITY LOGIC CAN BE CHECKED BY WRITING A WORD WITH BAD
PARITY INTO CORE AND THEN DOING

MOVE AC,MEM

TO BRING THE DATA WORD INTO THE AR, THIS INSTRUCTION WILL
IMMEDIATELY PAGE FAIL WITH A CQDE oF 2§a

THE ARX PARITY LOGIC CAN BE CHECKED BY WRITING A WQRD WITH BAD
PARITY INTO CORE AND ‘THEN DOING :

MOVEI AC,@MEM

TO BRING THE INDIRECT WORD INTO THE ARX, THIS INSTRUCTION WILL
IMMEDIATELY PAGE FAIL WITH A CODE OF 27,

Tﬁﬁ ABILITY TO WRITE WORDS WITH 3&0 ‘PARITY INTO MEMORY SHOULD
BE TESTED BEFORE THE AR AND ARX pARITX PAGE FAIL LQGIC IS
TE&TE”!

6, SBUS ADDRESS PARITY

THE SBUS ADDRESS PARITY LOGIC CAN BE CHECKED BY MAKING A MEMORY
REFERENCE WHILE EVEN (BAD) ADDRESS PARITY IS BEING FORCED, BAD
ADDRESS PARITY CAN BE FORCED BY DOING A "CONO PI" WITH BIT 18
(WRITE EVEN ADDRESS PARITY BIT) EQUAL TO 1, THIS WILL CAUSE
THE NEXT MEMORY REFERENCE FROM EITHER THE CHANNELS OR THE
PROCESSOR TO BE MADE WITH BAD ADDRESS PARITY, AS S00N AS THE
APR ADDRESS PARITY FLAG IN THE PROCESSOR SETS THE WRITING OF
BAD ADDRESS PARITY WILL BE INBIBITED

THE ADDRESS PARITY NOTIFICATION IS GUARANTEED TU ARRIVE AT THE
PROCESSUR BEFORE THE NEXT MEMORY REFERENCE 1S INITIATED,
HOWEVER, THE APR FLAG WILL NOT SET UNTIL THE EBOX CLOCK TICKS,
THIS MEANS THAT IF IT 18 DESIRED TO WRITE BAD PARITY FOR A
SINGLE MEMORY REFERENCE THE PROGRAM THAT WRITES BAD ADDRESS
PARITY MUST RUN OUT OF THE AC'S SO THAT THE EBOX CLOCK DOES NOT
STOP TICKING,
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7, CACHE DIRECTORY PARITY

THE CACHE DIRECTORY PARITY LOGIC CAN BE CHECKED BY WRITING A
WORD INTQ THE CACHE WHILE THE WR EVEN CACHE DIRECTORY PARITY
BIT 1S SET, THE WRITE EVEN CACHE DIRECTORY PARITY BIT CAN BE
SET BY DOING A "CONO PI" WITH BIT 20 EQUAL TO 1, EVEN CACHE
DIRECTORY PARITY WILL BE WRITTEN FOR ALL DATA THAT GOES INTO
THE CACHE WHILE THIS BIT 1S SET,

1F THE WORD IN THE CACHE IS SUBSEQUENTLY REFERENCED FOR ANY
REASON (EBOX READ, CHANNEL READ OR WRITE, PAGE REFILL, EBOX
WRITE, CACHE SWEEP, CACHE WRITEBACK) THE CACHE DIRECTORY PARITY
ERROR APR FLAG WILL SET AFTER THE CURRENT REFERENCE COMPLETES,
AS LONG AS THIS FLAG IS SET THE CACHE WILL BE TURNED OFF AND
ALL REFERENCES WILL GO DIRECTLY TO CORE, "

8, NONEXISTENT MEMORY REFERENCES (PROCESSOR)

THE NXM RECOVERY LOGIC CAN>BE TESTED BY HAVING THE PROCESSOR
MAKE A REFERENCE TO A LOCATION THAT DOESN(T EXIST IN THE MEMORY
ADDRESS SPACE, ‘ ‘

IF A SYSTEM HAS 4 MILLION WORDS OF MEMORY THEN PART OF THE
MEMORY WILL BAVE TO BE SWITCHED OFF LINE IN ORDER TO VERIFY
THAT THE NXM LOGIC 18 WORKING, ' ‘
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9, NONEXISTENT MEMORY REFERBNCES (DMAZ0)

THE NXM RECOVERY LOGIC IN THE DMA20 CAN BE TESTED BY HAVING THE
PROCESSOR MAKE A QUADWORD REFERENCE TO 4«WAY INTERLEAVED MEMORY
WHICH ‘HAS ONE OF THE 4 MEMORY BOXES SWITCHED OFF LINE, THE BOX
THAT 1S REFERENCED FIRST WHOULD NOT BE THE ONE THAT IS SWITCHED
OFF LINE,

A QUADWORD READ REFERENCE CAN BE INITIATED BY DOING A READ FROM
A CHCHE THAT HAS JUST HAD ALL ITS DATA INVALIDATED, THIS WILL
CAUSE THE CACHE TO DO A FOUR WORD READ TO BRING THE QUADWORD
INTO THE CACHE,

A QUADWORD WRITE REFERENCE CAN Bh INITIATED BY DQIKG THE
FOLLOWINGS ' :

1y SWEEP THE CACHE TO INVALIDATE ALL DATA (VALIDATE CORE
IF NECESSARY), o

2, WRITE INTO THE FOUR LOCATIONS OF THE QUADWORD THAT 18
TQ BE SENT TO MEMORY,

3, REFERENCE THE SAME LINE AS THE ONE CONTAINING THE
QUADWORD THAT I8 TO BE SENT TO MEMORY IN FOUR OTHER
PAGES THAT ARE IN EXISTENT MEMORY,

THE LAST REFERENCE IN STEP 3 WILL CAUSE THE QUADWORD IK STEP
TWO TO BE WRITTEN BACK TO MEMORY,

10, 1/0 PAGE FAIL

THE 1?70 PAG& FAIL LOGIC CAN BE TESTED BY HAYING THE
10=PROCESSOR WRITE A WORD WITH EVEN (BAD) PARITY INTO MEMORY,
NEXT THE 10 SHOULD SIGNAL THE 11 TO DO AN EXAMINE OF THE
LOCATION 1IN 10 MEMORY WITH THE BAD PARITY, THE 10 WILL GET AN
1/0 PAGE FAIL ERROR WHEN THE 11 EXAMINES THIS LQCATIDN-

11, EBUS PARITY 10 TO 11

THE 1Q CAN FORCE BAD EBUS FARITY ON A TRANSFER TQ THE 11 BY
MOVING A BYTE OF .GREATER THAN 16 BITS WITH AN OUD NUMBER OF ONE
BITS IN THE LEFT HALF TO THE 11, THIS WILL IN EFFECT
COMPLEMENT THE PARITY BIT SETN OVER Tﬂﬁ EBUS TO THE 11 BECAUSE
THE 11 COMPUTES PARITY ON ONLY THE RIGHT 16 ﬁITS OF THE 36 BIT
WORD SENT FROM THE 10,
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12, DRAM AND CRAM PARITY 4
DRAM AND CRAM PARITY MUST BE TESTED FROM THE 11,  PAERITY
ERRORS CAN BE INSERTED INTO EITHER OF THE RAMS BY HAVING THE 11
CHANGE A BIT IN ONE OF THE RAM LOCATIONS, .

13, FAST MEMORY PARITY

SEE THE PARAGRAPH ENTITLED "DATA PARITY",

(END OF CH1S06,5PC]
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QF UP TO 1 BILLION WORDS (30«BIT) ADDRESS, ‘THIS 18
ACCOMPLISHED BY PROVIDING UP TO 4096 256K ADDRESS SPACES CALLED
SECTIONS, THE KL10 WILL IMPLEMENT ONLY 32 USER SECTIONS (8
MILLION WORDS), THE PROGRAMMER MAY CONSIDER EACH SECTION TO BE
SEPARATE OR CONTIGUOUS, A POSITIVE NON=ZERO LH OF AN XR IS
USED TO SPECIFY A SECTION NUMBER, A NEGATIVE OR ZERO LH OF AN
XR IS USED FOR LOCAL REFERENCES, A SECOND FORM (QF INDIRECT
WORD PERMITS INDIRECTION, INDEXING, AND A 30«BIT ADDRESS,
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PREFACE

THIS -SPECIFICATION REPRESENTS THE WORK OF A NUMBER OF PEOPLE
OVER THE LAST TWO YEARS, THE EXTENDED ADDRESSING DESIGN GROUP
I8 L, DICKMAN, T, EGGERS, L, FEHSHENS, T, HASTINGS, L,
HUGHES, a, KOTOK, D, LEWINE, P, LIPMAN, D, MURPHY, R,
REID, Dy RODGERS, G, STEIL., R, STEWART, W, STRECKER, IN
ADDITION D, MOON AND G, 'BENEDICT MADE SIGNIFICANT
CONTRIBUTIONS, THE DESIGN GROUP CONSIDERED 6 DIFFERENT
PROPOSALS IN THE PROCESS OF ITS WORK (16, 17, 18), WE BELIEVE
THIS PROPOSAL TO BE SUPERIOR TO THE OTHERS, HOWEVER SINCE THIS
ABBRESSING WILL APPEAR IN EVERY INSTRUCTION OF FUTURE PROGRAMS,
IT 18 IMPORTANT THAT THIS SPECIFICATION HAVE A CAREFUL AND WIDE
REVIEW TO MAKE SURE THAT WE CAN LIVE WITH IT FOR ALL FUTURE
MACHINES, WE HAVE ALSO LEARNED THAT ADDRESSING IS A BASIC PART
OF A SYSTEM ARCHITECTURE AND SO TAKES A LOT OF THOUGHT, BUT IS
WORTH THE EFFQRT,

1, SUMMARY

THE KI10 AND 1ITS PREDECESSORS IMPLEMENTED A 286K VIRTUAL
ADDRESS SPACE WITH EACH INSTRUCTION SPECIFYING AN 18=BIT
ADDRESS, THIS EXTENDED ADDRESSING SPECIFICATION INCREASES THE
USER vzawuan ADDRESS SPACE TO i BILLION WORDS BY ALLOWING THE
USER PROGRAM TO ADDRESS UP TO 4096 256K ADDRESS SPACES, CALLED
SECTIONS, EACH  INSTRUCTION SPECIFIES A 30~BIT ADDRESS,
IMPLICITLY OR EXPLICITLY, THE KL10 WILL IMPLEMENT ONLY 32
SECTIONS (8 MILLION WORDS), ’ ‘ ‘ ’

THE PROGRAMMER MAY USE THE SECTIONS AS SEPARATE LGGICAb
ENTITIES OR AS A SINGLE CONTIGUOUS ADDRESSING SPACE, ARRAYS,
STRINGS, AND PUSH DUWN STACKS MAY BE ARBITRARILY LONG AND CROSS
SECTION BOUNDARIES, HOWEVER CODE MUST TRANSFER CONTROL BETWEEN
SECTIONS EXPLICITLY ANE CANNOT FLOW ACROSS SECTION BOUNDARIES,

IN ORDER TO SPECIFY A 30-BIT ADDRESS, THE INDEXING AND
INDIRECTION OF THE MACHINE HAVE BEEN MODIFIED WHEN THE PC 1S IN
A NONeZERO SECTION, HOWEVER THE MODIFICATION "HAS BEEN MADE
SUCH THAT NEW SUBROUTINES CAN BE WRITTEN SO THAT THEY CAN RUN
ON A KI OR A KL, IN ADDITION, SECTION ¢ 18 CALLED THE KI
COMPATIBLE SECTION, WHEN THE PC IS IN SECTION O INDEXING AND
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- INDIRECTION WORK THE SAME AS ON THE KI, IMMEDIATE MODE
- INSTRUCTIONS CONTINUE TO USE 18«BIT OPERANDS IN ALL SECTIONS,

THE LEFT HALF (BITS 6#17) OF A 30-BIT ADDRESS SPECIFIES THE
12BIT SECTION NUMBER AND THE RIGHT HALF (BITS 18+35) SPECIFIES
AN 18=BIT ADDRESS»WITHIN=SECTION, INSTRUCTIONS WHICH SPECIFY
NO INDEXING OR INDIRECTION ARE CALLED LOCAL REFERENCES BECAUSE
THEY REFERENCE THE PC SECTION IMPLICITLY, FURTHERMORE INDEXING
IN WHICH THE LEFT HALF IS NEGATIVE OR 0 IS5 CALLED LOCAL
INDEXING BECAUSE IT ALSO REFERENCES THE PC SECTION IMPLICITLY,
LOCAL INDEXING IS PROVIDED FOR POSITIVE OR NEGATIVE INDEXING OF
ARRAYS IN THE CURRENT SECTION AND FOR USING THE AOBJN LOOP
INSTRUCTION, LOCAL INDEXING NEVER ﬁRﬂSSES SECTION BOUNDARIES,

INDEXING IN WHICH THE LEFT HALF IS POSITIVE AND NON=ZERO 18
CALLED GLOBAL INDEXING BECAUSE THE LH IS INTERPRETED AS AN
EXPLICIT SECTION NUMBER, THE 18«BIT RH OF THE INSTRUCTION (OR
INDIRECT WORD) IS SIGN EXTENDED AND ADDED TO THE INDEX
REGISTER, THEREFORE THE FINAL SECTION NUMBER MAY BE THE SAME
AS THE LH OF THE INDEX REGISTER, 1 GREATER, OR 1 LESS, THUS
THE RH OF THE INSTRUCTION CAN BE A POSITIVE OR NEGATIVE OFFSET
(MAX, MAGNITUDE OF 2 TO THE 17) TO THE GLOBAL ADDRESS IN THE
INDEX REGISTER, GLOBAL INDEXING CROSSES SECTION BOUNDARIES,

IN ADDITION TO THE KI STYLE INDIRECT WORDS (CALLED INSTRUCTION
FORMAT INDIRECT WORDS « IFIW), AN EXTENDED FORMAT INDIRECT WORD
(EF1W) IS PROVIDED, BIT 0 % 1 MEANS IFIW, 0 MEANS EFIW, IN AN
EFIW, THE INDIRECT AND INDEX FIELDS ARE IN BITS 1 AND 2+5,
INSTEAD OF BITS 13 AND 14«17, BITS 6«17 OF THE EFIW SPECIFY AN
EXPLICIT BSECTION NUMBER, FURTHERMORE THE INDEXING IS ALWAYS
GLOBAL SINCE THE 30=BIT SUM OF THE EFIW AND THE INDEX REGISTER
1S USED (WITH CARRIES OUT OF BIT 18 PROPAGATED TO BIT 17),

THUS THE INDEX REGISTER CAN CONTAIN A GLOBAL ADDRESS AND THE
EFIW A (POSSIBLY LARGE) SIGNED OFFSET OR VICE VERSA,
CONCEPTUALLY IN AN EFIW, BITS 6=35 OF THE INDEX REGISTER AND
INDIRECT WORD ARE TREATED IN THE SAME WAY AS BITS 18=35 OF THE
INDEX REGISTER AND INDIRECT WORD ON A KI,

IN AQQITION TO THE ABOVE MODIFICATIONS TO INDEXING  AND
INDIRECTION, SEVERAL INSTRUCTIONS HAVE ALSO BEEN MODIFIED (WHEN
PC 18 IN A NONeZERO SECTION), THE STACK POINTER CAN BE GLOBAL
OR  LOCAL DEPENDING ON WHETHER ITS LEFT HALF IS GREATER THAN 0
OR NOT, PC STORING INSTRUCTIONS STORE A GLOBAL ADDRESS WITH NO
FLAGS, ‘BYTE POINTERS ARE SINGLE=WORD IF BIT 1280, OR DOUBLE
WORD IF BIT 12=1, WITH THE SECOND WORD CONTAINING A GLOBAL
ADDRESS, LUUDS CAN STORE AND DISPATCH TO GLOBAL ADDRESSES, A
NEW INSTRUCTION, MOVE EXTENDED ADDRESS (XMOVEI), IS PROVIDED AS
A 30=BIT ANALOG TO MOVEI, A FLAGS AND PC DOUBLE=WORD 18
DEFINED MAINLY FOR MONITOR USE, ' ‘ )
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2,

3,

GOALS

1.

2,

3,

4,

'5..

64

BE SOMETHING = WITH WHICH WE WILL WANT ALL FUTURE
MACHINES TO BE UPWARD COMPATIBLE,

BE ABLE TO RUN KI CODE WITHOUT MQDIFICRTIGN (IN SECTION
0 ONLY),

BE ABLE TQ WRITE NEW SUBROUTINES WHICH WILL WORK 1IN
EXTENDED SECTIONS, THE KI COMPATIBLE SECTION AND THE Kl
ITSELF,

MINIMIZE THE SPACE AND TIME OVERHEAD FOR EXTENDED
ADRESSING SUFFICIENTLY SO THAT ALL FUTURE SUBROUTINES
COULD REALISTICALLY MEET GOAL 3,

PRESERVE THE  INTENT AND USAGE OF EACH OF THE
INSTRUCTIONS IN THE KI ORDER CQQE,.

ALLOW THE PROGRAMMER TO CHOOSE WHETHER T0 DIVIDE HIS
ADDRESS SPACE INTO SEPARATE LOGICAL DIVISIONS OR TO
CONSIDER SECTIONS TO BE LOGICALLY CONTIGUOUS,  THUS
ARRAYS, STRINGS, AND PUSHDOWN STACKS CAN CROSS $&CTIQH
BOUNDARIES AND CAN BE MANY SECTIONS LONG,

MAKE INDEX REGISTERS, INDIRECT HQRD$, BYTE POINTERS,
THE PCs AND STACK POINTERS BE AS SIMILAR TO EACH OTHER
AS PUSSIBLE,

NON=GOALS

1,

2,

3,

THE USER CANNOT FREELY MIX EXISTING KI CODE WITH
EXTENDED ADDRESSING, SECTION 0 CANNUT CALL OTHER
SECTIONS EXCEPT VIA THE MONITOR,

THIS SCHEME DOES NOT SOLVE THE PROTECTION PROBLEMS OF A
DOMAIN ARCHITECTURE, THAT SHOULD BE CONSIDERED FOR A
FUTURE - MACHINE, '

CODE CANNOT FLOW ACROSS SECTIODN BOUNDARIES, ‘THE
PROGRAM -MUST EXPLICITLY TRANSFER CUNTRQL FROM ONE
SECTION TO ANOTHER,
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4, TERMINOLOGY

LOCAL ADDRESS « AN 18+BIT QUANTITY SP&CIFYI&G AN AﬁDRﬁSS WITHIN
THE SECTION IN WHICH THE QUANTITY IS STORED,

GLOBAL ADDRESS » A 30eBIT QUANTITY SPECIFYING A 12+BIT SECTION
NUMBER AND AN 18«BIT ADDRESS WITHIN SECTION,

INSTRUCTION FORMAT INDIRECT WORD (IFIW) = A FORM OF INDIRECT
WORD (BIT 0«1 = 10) IN WHICH THE INDIRECT AND INDEX FIELDS ARE
SPECIFIED AND HANDLED THE SAME AS IN AN INSTRUCTION, I,E,, BITS
13 AND 14+17, THE INDEX REGISTER CONTAINS A LOCAL ADDRES& (OR
HALF WORD OFFSET) IF THE LH (XR) IS NEGATIVE OR ZERO, IT
CONTAINS A GLOBAL ADDRESS IF THE LH IS POSITIVE A&D NON=ZERQ,

EXTENDED FORMAT INDIRECT WORD (EFIW) = AN ALTERNATE FORM OF
INDIRECT WORD (BIT 0 = 0) IN WHICH THE INDIRECT AND INDEX
FIELDS ARE SPECIFIED BY BITS 1 AND 25, BITS =17 SPECIFY A
SECTION NUMBER, THE INDEX REGISTER CAN CONTAIN A 309=BIT GLOBAL
ADDRESS AND THE EFIW A 30-BIT OFFSET OR VICE»VERSA, THE TWO
30«BIT QUANTITIES ARE ADDED TOGETHER (WITH CARRIES QuT OF BIT

18 INTO BIT 17), ‘

LOCAL INDEXING = INDEXING WHICH REMAINS WITHIN THE SECTION 1IN
WHICH THE WORD SPECIFYING THE INDEX PIELD RESIDES, LOCAL
INDEXING 1S PERFORMED IN SECTION 0 (ALWAYS) AND IN NON®ZERD
SECTIONS (IN INSTRUCTIONS OR INSTRUCTION FORMAT INDIRECT WORDS)
WHEN THE LEFT HALF OF THE INDEX REGISTER IS NEGATIVE OUR 0,

GLOBAL INDEXING = INDEXING IN WHICH THE INDEX REGISTER MAY
SPECIFY A SECTION NUMBER IN ITS LEFT HALF,  INDEXING IN
INSTRUCTIONS AND IFIWS IS GLOBAL IF THE LH OF THE INDEX
REGISTER IS POSTIVE AND NON=ZERO, INDEXING IN EFIWS IS ALWAYS
GLOBAL, v

GLOBAL PC = THE ONE«WORD PROGRAM COUNTER CONTAINING A GLBBAL
ADDRESS, BITS (w5 ARE ZERQ, NO FLAGS ARE INCLUDED,

LOCAL STACK POINTER = A ONE EGRD POINTER TO THE END OF THE
STACK IN THE CURRENT PC SECTION, THE LH HAS A NEGATIVE COUNT
OF THE NUMBER OF WORDS LEFT UNTIL OVERFLOW AND Is IN LOCAL
INDEXING FORMAT,

GLOBAL STACK POINTER = A ONE WORD POINTER TO THE END OF THE
STACK WHICH MAY BE IN ANY SECTION, THE LH IS GREATER THAN 0,
AND IS A GLOBAL ADDRESS,

LOCAL BYTE POINTER = A ONE WORD BYTE POINTER AS ON THE KI10
WITH THE ADDITION THAT BIT 12 = 0, INDEXING AND INDIRECTION
FOLLOW THE RULES FOR INSTRUCTIONS,

GLOBAL BYTE POINTER = A TWO WORD BYTE POINTER IN WHICH BIT 12 =
1, THE SECOND WORD CONTAINS A GLOBAL ADDRESS,
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5, GENERAL SPECIFICATIONS

THE EXISTING PDP»10 SERIES OF MACHINES JIMPLEMENT AN 18=BIT,
256K=WORD VIRTUAL ADDRESS SPACE, ALL INSTRUCTIONS WHICH USE A
MEMORY ADDRESS MAY BE GIVEN AN 18=BIT ADDRESS, THE KI10 1S THE
REFERENCE POINT FOR THE DISCUSSION "IN THIS DOCUMENT;
INSTRUCTIONS ARE INTERPRETED AS IMPLEMENTED ON THE KI10 UNLESS
GTHERWISE SPECIFIED,

THIS DOCUMENT IS NOT RELATED TQO AND DOES NOT REFERENCE ANY
PREVIOUS DOCUMENT ON THE SUBJECT OF EXTENDED ADDRESSING INSOFAR
AS THE SPECIFICATION OF INSTRUCTION  INTERPRETATION Is
CONCERNED, 1IT IS INTENDED TO BE A COMPLETE DOCUMENT, THE BODY
OF THIS. SPECIFICATION CONTAINS ALL OF THE INFORMATION WHICH
SHOULD EVENTUALLY APPEAR IN THE HARDWARE REFERENCE MANUAL,
INCLUDING RATIONALE FOR MANY OF THE DESIGN DECISIONS, THE
APPENDIX CONTAINS  EXPLANATIONS FOR REJECTED ALTERNATIVES
FLAGGED IN THE TEXT WITH BRACKETS,

Ss1 THE VIRTUAL ADDRESS SPACE

THIS DOCUMENT PROVIDES A  SPECIFICATION FOR  INSTRUCTION
INTERPRETATION SUCH AS TO IMPLEMENT A 30«BIT (1=BILLION WORD)
ADDRESS SPACE, THE VIRTUAL ADDRESS CONSISTS OF TWO PARTS, THE
HIGH*«ORDER 12 BITS CALLED THE "SECTION", AND THE LOW=ORDER
18=BITS CALLED THE "WORD»WITHIN=SECTION" (OR JUST "WORD"), THE
USER AND MONITOR  ADDRESS SPACES ARE INﬁapzuvaNT, EACH

caus;sr;ws OF 4096 SECTIONS OF 256K WORDS([1],

ON THE KL10 PROCESSOR, ONLY 5 BITS OF SECTION NUMBER WILL BE
IMPLEMENTED, THUS RESTRICTING USE OF THE ADDRESS SPACE TO THE
FIRST 32 SECTIONS, THE KL10 HARDWARE WILL TRAP ANY REFERENCE
TO A LOCATION OUTSIDE OF THE FIRST 32 SECTIONS,
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THIS DESIGN 1S BASED ON THE PREMISE THAT NO CLEAN AND EFFICIENT
IMPLEMENTATION OF EXTENDED ADDRESSING IS PUSSIBLE WHICH ALLOWS
EXISTING KI10 CODE TO BE FREELY INTERMIXED WITH CODE EMPLOYING
EXTENDED ADDRESSES, THEREFORE, A DISTINCTION IS MADE BETWEEN
SECTION 0 AND ALL OTHER SECTIONS AS FOLLOWS:

CODE BEING RUN IN EXEC SECTION 0 OR USER SECTION 0 WILL
BE INTERPRETED EXACTLY AS IT IS ON THE KI10, USER CODE
IN USER SECTION 0 WILL NOT BE ABLE TO ACCESS OTHER
SECTIONS  EXCEPT VIA NEWLY DEFINED MONITOR CALLS,.
MONITOR CODE IN EXEC SECTION 0 WILL BE ABLE TO ACCESS
ANY  SECTION IN ITS8 CALLER USING PXCT, PXCT IS
DOCUMENTED ELSEWHERE, CODE BEING RUN IN sscwxans OTHER
THAN 0 WILL BE INTERPRETED IN CERTAIN WAYS WHICH ARE
INCOMPATIBLE WITH THE KI10 JINTERPRETATION BUT WHICH

_ ALLOW CONVENIENT USE OF THE EXTENDED ADDRESS SPACE,
SECTION 0 (EXEC AND USER) 18 CALLED THE KI COMPATIBLE
SECTION, NON=ZERO  SECTIONS  ARE CALLED EXTENDED
SECTIONS, ' ' ‘

HOWEVER, USER CODE IN NON-ZERO SECTIONS AND MUNITOR
CODE 1IN ANY EXEC SECTION WILL BE ABLE TO REFERENCE AND
TRANSFER CONTROL TO SECTION 0, ONCE THE EFFECTIVE
ADDRESS COMPUTATION ENTERS SECTION 0, FURTHER INDEXING
AND INDIRECTION WILL CONTINUE FOLLOWING THE RULES FOR
SECTION o0, THUS PROGRAMS (MONITOR ESPECIALLY) DO NOT
NEED TO KNOW WHICH SECTION CALLED,

ALTHOUGH EXISTING KI CUDE CANNOT BE FREELY INTERMIXED WITH CODE
EMPLOYING EXTENDED ADDRESSES, 1T IS POSSIBLE TO WRITE NEW
SUBROUTINES EMPLOYING EXTENDED ADDRESSING WHICH WILL ALSO RON
ON THE KI10, THUS THE SUPPORT COSTS FOR EXTENDED ADDRESSING
WILL BE GREATLY REDUCED,
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542 QVERVIEW QF‘SQFTWARE USE OF EXTENDED ADDRESSING

THE SECTION ARCHITECTURE BEARS SOME SIMILARITY TO EXTENDED
ADDRESS SCHEMES, SEGMENTATION SCHEMES, AND DOMAIN ARCHITECTURE
SCHEMES OF OTHER MACHINES, HOWEVER, IT DUES NOT PROPERLY
REPRESENT SEGMENTATION, NOR TRUE DOMAIN ARCHITECTURE (20], IT
INCREASES THE ADDRESS SPACE TO &M WORDS ON THE KL10, HOWEVER
EXPANSION TO A 30=BIT ADDRESS (1 BILLION WORDS) WILL BE
POSSIBLE IN FUTURE MACHINES WITH NO SOFTWARE COMPATIBILITY
PROBLEMS,  BECAUSE THE KL10 IS ONLY IMPLEMENTING 32 SECTIONS
PER PROCESS, IT IS NOT POSSIBLE TO PUT EVERY PROCEDURE AND DATA
ARRAY IN A SEPARATE SECTION LIKE SOME SEGMENTATION SCHEMES, WE
WILL CONTINUE TO USE LINK10 TO RELOCATABLY LOAD AND LINK
PROCEDURES AND DATA INTO ONE OR A SMALL NUMBER OF SECTIONS,
PROGRAMS CAN BE WRITTEN TO PUT A NUMBER OF DATA ARRAYS IN
DIFFERENT SECTIONS, THIS. WILL HELP THE DYNAMIC ALLOCATION
PROBLEM WHEN THE MAXIMUM SIZE OF THE ARRAYS IS UNKNOWN, UNLIKE
MOST SEGMENTATION SCHEMES, AN ARRAY CAN SPAN ACROSS SECTIONS
AND CAN BE LARGER THAN 256K, PROUGRAMS CAN DEPEND ON THE
OPERATING SYSTEM'S VIRTUAL MEMORY CAPABILITY INSTEAD OF DOING
EXPLICIT I/0, COMMONLY USED ROUTINES WILL BE LINKED TOGETHER
TO FORM A SMALL NUMBER OF POTENTIALLY LARGE LIBRARY SECTIONS,
THESE PROCEDURES WILL FOLLOW THE PROCEDURE STANDARDS CURRENTLY
BEING DEVELOPED, RUN TIME SYSTEMS, COMPATIBILITY PACKAGES,
COMMAND LANGUAGE EXECS, AND DEBUGGERS ARE ALSO EXAMPLES OF
PROGRAMS WHICH CAN USE THE SECTION ARCHITECTURE, FINALLY VERY
LARGE PROGRAMS CAN BE WRITTEN TO RUN 1IN MULTIPLE SECTIONS
WITHOUT OVERLAYS, | |

NO PROTECTION IS PROVIDED FOR INTER=SECTION CALLS OR REFERENCES
BEYOND WHAT IS AVAILABLE WITHIN A SECTION, THUS ANY SECTION
CAN REFERENCE ANY OTHER SECTION, PUBLIC PROGRAMS CANNOT
REFERENCE PRIVATE PAGES, PUBLIC PROGRAMS: MUST TRANSFER CONTROL
TG PRIVATE PAGES THROUGH PORTAL INSTRUCTIONS, PROTECTION IS
ASSOCIATED WITH THE PAGE TABLE, THUS EACH USER PROCESS HAS ITS
OWN PAGE TABLE FOR EACH SECTION, HOWEVER A SECTION WILL
TYPICALLY BE MADE UP OF A NUMBER OF STORAGE CLASSES AS IN A
DOMAIN ARCHITECTURE, THESE WILL INCLUDE READ=ONLY CODE AND
DATA, PROCESS OWN STORAGE (PUSHDOWN STACK), INCARNATION OWN
STORAGE (COPY ON WRITE), AND DUMAIN OWN STORAGE (FILES MAPPED
INTO THE ADDRESS SPACE) (20], o

SECTION NUMBERS WILL NOT BE ASSIGNED AT CODING OR COMPILE TIME,
THEY WILL BE ASSIGNED AT RUN TIME FOR MOST APPLICATIONS SUCH AS
LIBRARIES AND AT LINK TIME FOR LARGE OWN ARRAYS DECLARED' T0 BE
IN A SECTION OTHER THAN THE CODE SECTION, PROCEDURES WILL BE
WRITTEN AS SECTION-INDEPENDENT CODE, THE SAME SHARED COPY OF A
PROCEDURE CAN BE ASSIGNED TO DIFFERENT SECTION NUMBERS IN TW0
PROCESSES, ALL INTER-SECTION LINKAGE POINTERS BETWEEN
PROCEDURES MUST BE STORED IN PER=PRUCESS STORAGE, :
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6, EFFECTIVE ADDRESS COMPUTATION

ALL PDP=10 INSTRUCTIONS COMPUTE AN EFFECTIVE ADDRESS, THIS
CHAPTER DESCRIBES THE EFFECTIVE ADDRESS COMPUTATION PERFORMED
WHEN THE PC IS IN A NON=0O SECTION, THE EFFECTIVE ADDRESS
COMPUTATION CONSISTS OF (Q?TiONAL) INDEXING AND (OPTIONAL)
INDIRECTING IN THAT ORDER, WITH THE POTENTIAL OF ITERATING
THESE TWO STEPS AN ARBITRARY NUMBER OF TIMES, IF NO INDEXING
OR INDIRECTION IS SPECIFIED, THE EFFECTIVE ADDRESS IS ASSUMED
TO BE IN THE CURRENT SECTION AND IS CALLED A LOCAL REFERENCE,
THERE ARE TWO FORMS OF INDEXING, (1) INSTRUCTION FORMAT
INDEXING AND (2) EXTENDED FORMAT INDEXING, SEE ATTACHED WORD
FORMAT PICTURES, :

EXAMPLE = LOCAL REFERENCE (NO INDEXING OR INDIRECTION)
IN SECTION 22
MOVE  T,1000

MOVES LOCATION 22,,1000 TO T, I,E,, LOCATION 1000 IN
THE CURRENT SECTION WHICH IS 22, '



1080,2040,2060 ENGINEERING FUNCTIONAL S8PEC = CHAP 2,2 PAGE. 10
COMPANY CONFIDENTIAL = USER INTERFACE TO EXTENDED ADDRESSING

6,1 INSTRUCTION FORMAT INDEXING

INSTRUCTION FORMAT INDEXING OCCURS IN INSTRUCTIQONS AND IN
INSTRUCTION FORMAT INDIRECT WORDS (IFIW), IFIWS ARE KIwSTYLE
INDIRECT WORDS WITH BITS Ow1 % 10 (15], WHEN THE INDEX FIELD
OF AN INSTRUCTION(#*) IS NON=0, THE CONTENTS OF THE DESIGNAT&D
REGISTER IS EXAMINED,

1, LOCAL INDEXING

IF THE LEFTHALF 1S NEGATIVE OR 0, LOCAL INDEXING IS
PERFORMED, THIS MEANS THAT THE RIGHT HALF OF THE INDEX
IS ADDED TO THE RIGHT HALF OF THE INSTRUCTION(#), AND
THE SECTION NUMBER FROM WHICH THE INSTRUCTION(%) WAS
FETCHED IS INSERTED AS THE SECTION NUMBER OF THE
RESULTING INTERMEDIATE ADDRESS, THUS SMALL INDICES
(MAGNITUDE LESS THAN 2 TO THE 18TH) AND AOBJN POINTERS
CAN BE USED FOR ARRAYS IN THE CURRENT SECTION, LOCAL
INDEXING ALWAYS STAYS IN THE SAME SECTION, THUS ARRAYS
ADDRESSED WITH LOCAL INDEXING CANNOT CROSS SECTION
BOUNDARIES, I "

2, GLOBAL INDEXING

IF THE LEFT=HALF 18 POSITIVE AND NON=0, THE ENTIRE
INDEX 1S ADDED TO THE RIGHT HALF OF THE INSTRUCTION(®)
WITH BIT 18 OF THE INSTRUCTION SIGN EXTENDED TO BITS
0=17, THE LOWeORDER 30«BITS OF THE RESULT ARE TAKEN AS
THE INT&RM&DIATE ADDRESS, THE CONTENTS OF THE INDEX
'REGISTER CAN BE THOUGHT GF As A GLOBAL ADDRESS (SECTION
IN LH, ADDRESS WITHIN SECTION IN RH), WHILE BITS 18=35
OF THE INSTRUCTION(#) ARE A POSITIVE QR NEGATIVE OFFSET
(MAXIMUM MAGNITUDE OF 2 TO THE 17TH), THUS THE
RESULTING SECTION NUMBER MAY BE THE SAME AS THE LH OF
THE XR, 1 GREATER, OR 1 LESS, GLOBAL INDEXING IGNORES
SECTION BOUNDARIES . AND NEVER WRAPS AROUND, CONTRAST
THIS WITH LOCAL INDEXING WHICH OBSERVES - SECTION
BOUNDARIES BY WRAPPING AROUND, -

A -

(#) INSTRUCTION OR INSTRUCTION FORMAT INDIRECT WORD (IFIMW)
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EXAMPLE = LOCAL INDEXING
IN SECTION 223

MOVEI 1,100
MOVE  T1,1000(1)

MOVES 22,,1100 TO T1, IE,, 100TH ENTRY IN ARRAY
STARTING AT 1000 IN CURRENT SECTION (22),

EXAMPLE = NEGATIVE INDEXING
IN SECTION 221
- MOVNI 1,100
LOOP:  ADD T,1000(1)
AOJL  I,LOOP

ADDS LOCATIONS 22,,700 THROUGH 22,,777 IN THE CURRENT
SECTION, IE,, SECTION 22,

EXAMPLE = AOBJN LOOP
IN SECTION 22:

MOVSI  I,=LENGTH
LOOP:  ADD T,1000(1)
AOBJN  I,LOOP

ADDS ALL LOCATIONS IN ARRAY STARTING AT 1000 IN CURRENT
SECTION (22), NOTE THAT ARRAY CANNOT CROSS SECTION
BOUNDARIES SINCE LOCAL INDEXING 1S USED, '
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EXAMPLE = GLOBAL INDEXING
IN ANY (NON=0) SECTION:

MOVE  T,[22,,1000]
ADD  T1,100(T)

ADDS THE 100TH LOCATION OF CONTROL BLOCK STARTING AT
22:1000, IE,s LOCATION 22,,1100,

EXAMPLE = GLOBAL INDEXING WITH NEGATIVE OFFSET
IN ANY (NON=0) SECTION3

MOVE Te(22,,1000])
ADD T1,=100(T)

ADDS THE «100TH LOCATION OF CONTROL BLOCK STARTING AT
22,,1000, lE,, LOCATION 22,,700, NOTE THAT IN THE
GLOBAL INDEXING CASES, THE CONTROL BLOCK CaAN C(CRUOSS A
SECTION BOUNDARY SINCE CARRIES ARE NOT SUFPRESS&D ouT
OF BIT 18,
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6,2 INDIRECTION

IF THE INDIRECT BIT (BIT 13) OF THE INSTRUCTION IS A ONE, THE
INTERMEDIATE ADDRESS (CALCULATED FROM INDEXING IF ANY) IS USED
TO FETCH AN INDIRECT WORD WHICH I8 INTERPRETED IN ONE OF FOUR
WAYS DEPENDING ON A TWO BIT CODE IN BITS Oe1 OF THE INDIRECT

WORDI[11], .

CODE
10

00,01

INDIRECT WORD TYPE
INSTRUCTION FORMAT INDIRECT WORD (IFIW)

NO EXPLICIT SECTION NUMBER APPEARS, INSTEAD
THE SECTION NUMBER I8 THE SAME AS THAT
CONTAINING THE INDIRECT WORD, THE I, X, AND Y
FIELDS ARE INTERPRETED AS THEY ARE IN AN
INSTRUCTION, AND ADDITIONAL INDEXING AND/OR
INDIRECTION MAY OCCUR, INDEXING IN AN IFIW
FOLLOWS THE SAME RULES AS FOR INSTRUCTIONS,
NAMELY LOCAL AND GLOBAL INDEXING ARE PERMITTED,
THE SOFTWARE IS FREE TO STORE INFORMATION IN
BITS 2-12, FUTURE HARDWARE WILL NOT USE BITS
2=12 IN IFIWS, THE DEC PRUCEDURE CALLING
STANDARD DESCRIBES THE SOFTWARE USE OF THESE
BITS IN ARGUMENT LISTS FUR DEFINING ARGUMENT
TYPES,

EXTENDED FORMAT INDIRECT WORD (EFIW)

'~ THIS FORM IS PROVIDED FOR THE CONVENIENCE OF

ADDRESSING LARGE ARRAYS AND FOR REPRESENTING A
30»BIT GLOBAL ADDRESS IN A WORD, BIT 1 IS
INTERPRETED AS AN INDIRECT BIT, BITS 25 ARE
INTERPRETED AS AN INDEX FIELD, BITS 6+17 ARE
INTERPRETED AS AN EXPLICIT SECTION NUMBER, THE
ENTIRE INDEX REGISTER (POSITIVE OR NEGATIVE) IS
ADDED TO THE INDIRECT WORD TO FORM A 30wBIT

‘SUM, THUS THE INDEX REGISTER CAN CONTAIN A

GLOBAL ADDRESS AND THE EFIW A (POSSIBLY LARGER
THAN A SECTION) SIGNED OFFSET OR VICE VERSA,
CONCEPTUALLY 1IN AN EFIW, BITS 6235 OF AN INDEX
REGISTER WORD ARE TREATED THE SAME AS BITS
18235 OF AN INDEX REGISTER AND INDIRECT WORD ON
THE KI, FURTHER INDIRECTION CAN OCCUR, EFIWS
ARE USED FOR HANDLING ARRAYS WHICH ARE BIGGER
THAN A SECTION [19],
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11 RESERVED FOR FUTURE

BITS 2=35 MAY BE USED BY FUTURE HARDWARE FOR
ANY PURPOSE, THE' SOFTWARE MUST NOT USE THIS
TYPE OF INDIRECT WORD FOR ANYTHING, THE
HARDWARE WILL  TRAP (PAGE FAIL, CODE 24)
WHENEVER THIS COMBINATION IS ENCOUNTERED IN AN
EFFECTIVE ADDRESS COUMPUTATION IN A NON=ZERO
SECTION, THE MONITOR CANNOT PERFORM ANY USER
SERVICE AS A RESULT OF THIS TRAP, INCLUDING
TRAPPING TO THE USER, OTHERWISE THE HARDWARE
COULD NOT USE THIS FORMAT IN A FUTURE MACHINE
WITHOUT COMPATIBILITY PROBLEMS,

NOTE THAT THE SENSE OF THE SIGN BIT CORRESPONDS TO. THE SIGN BIT
OF AN INDEX REGISTER, IE,, 0 MEANS GLOBAL AND 1 MEANS LOCAL
[15), THUS INDIRECT WORDS CAN BE USED AS INDEXES AND VICE
VERSA IN MANY CASES, THE TWO TYPES OF INDIRECT WORDS CAN BE
MIXED 1IN AN INDIRECT CHAIN, IN FACT, AN ARGUMENT LIST
CONTAINING A POINTER TO ANDTHER SECTION WILL DO SO WITH AN IFIu
POINTING TO AN EFIW,

THE FOREGOING MEANS THAT IF AN INSTRUCTION SPECIFIES NO
INDEXING OR INDIRECTION, THEN THE SECTION NUMBER OF THE
EFFECTIVE ADDRESS WILL BE DEFAULTED TO THE SECTION FROM WHICH
THE INSTRUCTION WAS FETCHED, IF AN INSTRUCTION FORMAT INDIRECT
WORD SPECIFIES NO INDEXING DR INDIRECTION, THEN THE SECTION
NUMBER OF THE EFFECTIVE ADDRESS WILL BE DEFAULTED TO THE
SECTION FROM WHICH THE INDIRECT WORD WAS FETCHED, 1IN GENERAL,
WHENEVER A DEFAULT SECTION 1S REQUIRED DURING AN EFFECTIVE
ADDRESS COMPUTATION, IT IS TAKEN TO BE THE SECTION FROM WHICH
THE MOST RECENT INSTRUCTION OR INDIRECT WORD WAS TAKEN, IF THE
LAST CYCLE OF AN EFFECTIVE ADDRESS COMPUTATION NEEDS A DEFAULT
SECTION NUMBER, THE RESULTING EFFECTIVE ADDRESS Is SAID TO BE
LOCAL, RATHER THAN GLOBAL,
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EXAMPLE = EXTENDED FORMAT INDIRECTION
IN ANY (NON=0) SECTION?
MQVE Tp@(399!1090]

LOADS T WITH THE CONTENTS OF LOCATION 1000 IN SECTION
30, i ,

EXAMPLE = EXTENDED FORMAT INDIRECTION WITH INDEXING

MOVE1 Je100
MOVE T,@(EFIW 30,1000(J)])

LOADS T WITH THE CONTENTS OF LOCATION 1100 IN SECTION
30, NOTE THAT THE EFIW PSEUDO~OP CAUSES THE ASSEMBLER
TO SWAP THE EXPRESSION INSIDE PARENTHESES AROUND BIT 6
INSTEAD QF BIT 18, THUS J APPEARS IN BITS 2=5 OF THE
EFIW, INSTEAD OF I4~17g

EXAMPLE = ARRAY IN ANOTHER SECTION

MOVE Cr[2000000~1) }2 SECTIONS WORTH
LOOP: ADD T,RLEFIW 30,1000(C)]) ‘
: SOJGE  C,LOOP

ADDS THE 512K ARRAY FROM 30,,1000 THROUGH 32,,777,
NOTE THAT EVEN IF THE ARRAY HAD BEEN LESS THAN 2: TO THE
17TH WORDS LONG AND DIDN'T  CROSS  ANY  SECTIONW
BOUNDARIES, IT WOULD STILL NOT BE POUSSIBLE TO USE AOBJN
FOR THE LOOP, THIS IS8 BECAUSE THE ENTIRE INDEX
REGISTER IS ALWAYS ADDED IN AN EFIW{12], ’

EXAMPLE » NEGATIVE INDEXING A LARGE ARRAY

MOVE  C,(=200000041) 32 SECTIONS WORTH
LOOPS  ADD T,@EFIW 32,1000(C))

AOJLE  C,LOOP

ADDS THE 512K ARRAY FROM 30,,1001 THROUGH 32,,1000,

SEE SECTION 8,3 FOR EXAMPLE OF INSTRUCTION FORMAT INDIRECT WORD
USED WITH EXTENDED PUSHDOWN STACK,
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6,3 FLOW CHART UF EFFECTIVE AQDRﬁSS COMPUTATION
THE ATTACHED FLOWCHART DESCRIBES THE  EFFECTIVE  ADDRESS

COMPUTATION ALGORITHM, IT DOES NOT PURPORT TO SHOW HOW ANY
ACTUAL COMPUTER WOULD IMPLEMENT IT, THE VARIA&LE$ USED ARE3

VMA VIRTUAL MEMORY ADDRESS; 30=BIT REGISTER USED
TO HOLD THE ADDRESS FOR A MEMORY REFERENCE,

PC PROGRAM COUNTER; 30eBITS

BREG A WORKING REGISTER; 36=BITS

0Py ACy» 1, X REGISTERS FOR HOLDING OPCODE, AC ADDRESS,
‘ INDIRECT BIT, INDEX ADDRESS RESPECTIVELY, '

P,S ' REGISTERS FOR HOLDING BYTE POBITION AND SIZE -

RESPECTIVELY,
L \ LOCAL FLAG; IS A ONE IF THE RESULT OF THE E

COMPUTATION IS A LOCAL ADDRESS, ZERO IF GLOBAL,
[IT IS USED SOLELY T0 HELP DETERMINE WHETHER A
30»BIT ADDRESS IS SPECIFYING THE HARDWARE ACS
OR NOT,} ) ‘ ‘

b DOUBLE=WORD BYTE POINTER, IF A 1, THE BYTE
POINTER IS A DUUBLE WORD BYTE POLINTER, ELSE IT
IS5 A SINGLE WORD BYTE POINTER, D 18 SET FROM
BIT 12 OF THE BYTE POINTER,

7+ GENERAL OPERATION OF INSTRUCTIONS

ALL INSTRUCTIONS COMPUTE A 30-BIT LOCAL OR GLOBAL EFFECTIVE
ADDRESS AS DESCRIBED ABOVE,. :

1, FOR INSTRUCTIONS WHICH REFERENCE MEMORY USING THE

- EFFECTIVE ADDRESS, THE MEMORY OPERAND WILL BE TAKEN
FROM THE SAME SECTION AS THE INSTRUCTION IF NO INDEXING
OR INDIRECTION 1S SPECIFIED, IF [INDEXING AND/OR
INDIRECTION IS SPECIFIED, THE MEMORY OPERAND WILL BE
TAKEN FROM THE SECTION DETERMINED BY THE EFFECTIVE
Annaass CALCULATION,

2, AS ON THE KI, IMMEDIATEMODE INSTRUCTIONS USE ONLY THE
LOW«ORDER 18 BITS OF THE EFFECTIVE ADDRESS FOR THE
‘OPERAND REGARDLESS  OF WHETHER INDEXING AND/OR
INDIRECTION WAS SPECIFIED, ' o '
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3,

5.

THE EFFECTIVE ADDRESS COMPUTATION ALWAYS RESULTS IN A
30~BIT ADDRESS, HOWEVER, IT MAY BE A LOCAL OR A GLOBAL.
ADDRESS, AN EFFECTIVE ADDRESS COMPUTATION IS SAID TO
BE LOCAL IF THE LAST MEMORY CYCLE SPECIFIED NO INDEXING
OR SPECIFIED LOCAL INDEXING, SEE ATTACHED FLOW CHART
FOR CONDITIONS UNDER WHICH THE LOCAL (L) FLAG IS SET OR
CLEARED, IF THE RESULTING EFFECTIVE ADDRESS IS LOCAL,
THE SECTION NUMBER I8 IMPLIED BY THE SECTION NUMBER OF
THE PC OR THE LAST EXPLICIT GLOBAL ADDRESS ENCOUNTERED
DURING THE EFFECTIVE ADDRESS COMPUTATION,

IF AN INSTRUCTION READS OR WRITES THE WORD AT 1IT8
EFFECTIVE ADDRESS, THE REFERENCE WILL BE MADE TO AN AC
1F BITS 18»31 OF THE EFFECTIVE ADDRESS ARE 0 AND3

A, THE EFFECTIVE ADDRESS IS A LOCAL ADDRESS (L=1),
OR

B, THE SECTION FIELD (BITS 6=17) OF THE EFFECTIVE
ADDRESS IS 0 OR 1 (3], ' '

THIS MEANS THAT AN ORDINARY DIRECT REFERENCE TO A LOW
ADDRESS. (E,G,, MOVE 1,3) WILL REFERENCE THE HARDWARE
ACS, AS WILL A REFERENCE THROUGH AN EXTENDED FORMAT
INDIRECT WORD CONTAINING A GLOBAL ADDRESS IN THE RANGE
0=17(0CTAL), 1F THE ABOVE CONDITIONS FOR AN AC
REFERENCE ARE NOT MET, THE REFERENCE IS MADE TO MEMORY
IN THE DESIGNATED SECTION, THIS ALLOWS REFERENCES TO
MEMORY LOCATIONS 0917(0CTALJ IN ANY SECTION, EXCEPT 0,

ALL PC FETCHES ARE MADE AS LOCAL REFERENCES, THUS THE
HARDWARE ACS ARE ALWAYS. REFERENCED WHEN PC BITS

18»31=20, NO MATTER WHAT SECTION NUMBER 18 IN THE LEFT
HALF OF THE PC, CONCEPTUALLY THIS MEANS THAT THE ACS
APPEAR AS THE FIRST 20 LOCATION OF EACH SECTION WHILE
EXECUTING IN THAT SECTION, GLOBAL REFERENCES TO ANY
SECTION (EXCEPT 0 OR 1) WILL REFERENC& MEMORY INSTEAD
OF THE ACS,

THE EXISTENCE OF EXTENDED ADDRESSING HAS NO OTHER EFFECT ON

MOST OF

THE DEFINED PDP»10 INSTRUCTIONS, E,G,, MOVE, ADD,

THOSE INSTRUCTIONS FOR WHICH THERE ARE OTHER CBN&IDERATIQM& ARE
DE&CRIBEH BELOW,
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8, SPECIAL~CASE INSTRUCTIONS
8,1 PC-STORING INSTRUCTIONS; PUSHJ, JSP(4]1, JSR, POPJ.

ON THE KI, AND WHEN THE PC IS IN A KI COMPATIBLE SECTIUN (EXEC
SECTION 0 AND USER SECTION 0), THESE INSTRUCTIONS STORE 13 BITS
OF PROCESSOR FLAGS IN THE WORD WITH THE 18 BITS oF  PC, IN.
ORDER TO ACCOMMODATE THE 30~BIT ADDRESS, THESE INSTRUCTIONS
WILL STOURE A 30~BIT PC WITHOUT FLAGS WHEN THE PC. I8 IN A
NON=ZERO SECTION, NEW INSTRUCTIONS (SEE BELOW) ARE AVAILABLE
TO PROVIDE ACCESS TO THE PROCESSOR FLAGS, WHEN THE PC IS5 IN A
NON*=ZERO SECTION, POPJ WILL RESTORE THE 30=BIT PC FROM THE
STACK WwORD, THUS MACHINE INDEPENDENT SUBROUTINES CAN BE
WRITTEN WHICH RUN ON THE KI, SECTION 0, AND NON=ZERD SECTIONS, .
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8,2 BYTE INSTRUCTIONS (5]

TO REPRESENT THE P AND s FIELDS AND THE FULL MEMORY ADDRESS
REQUIRES MORE THAN 36 BITS OF BYTE POINTER, THEREFORE, A BYTE
POINTER WILL BE TAKEN AS A TWO=WORD QUANTITY IN THE FOLLOWING
FORMAT IF BIT 12 OF THE FIRST WORD IS A ONE,

an»mwww»wawmn-*mnnnwwﬂﬁnwnmqnwwnnvmnnw-pmngn*
i P} S5 1Y MBZ ! AVAIL TO SOFTWARE !
hdold f L LS LA L L R LTI Al L PPN ST LYY Y Ty T T ey
10011XY SECTION i WORD : H

~§uwcnn-anqmmn*pnnmqumnm-pqn-nmmmwnq-mqvmnpqn0

THE ADDRESS OF THE WORD CONTAINING THE BYTE IS COMPUTED FROM
THE SECOND WORD AS AN INDIRECT WORD, '

IN THE USUAL CASE, BITS 13=35 OF THE FIRST WORD WOULD BE 0 AND
THE SECOND WORD WOULD SPECIFY THE ENTIRE ADDRESS, INCREMENTING
A BYTE POINTER OF THIS FORMAT WILL, WHEN INCREMENTING THE WORD
ADDRESS, INCREMENT THE SECOND WORD ONLY, CARRIES FROM THE RH
OF THE SECOND WORD WILL PROPAGATE INTO THE LH SO THAT STRINGS
CAN CROSS SECTION BOUNDARIES, | ”

FOR CONVENIENCE, BIT 12 OF THE FIRST WORD MAY BE SET TO ZERO,
'IN THIS CASE THE SECOND WORD NEED NOT BE PRESENT, THE BYTE
REFERENCE WILL BE TO THE SECTION SPECIFIED BY THE NORMAL
EFFECTIVE ADDRESS, INCREMENTING A BYTE POINTER WITH BIT 1220,
WILL INCREMENT THE RH OF THE FIRST WORD AS ON THE KI WITH NO
CARRY OUT OF BIT 18, |
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8.3 STACK INSTRUCTIONS, PUSH, PUSHJ, POP, POPJ, ADJSP

THE PRESENT FORMAT OF THE STACK POINTER (HALF=WORD COUNT,
HALF=WORD ADDRESS) IS INSUFFICIENT TO HOLD A FULL ADDRESS BUT
1S CONVENIENT WHEN THE STACK IS LOCAL AND SMALL, THEREFORE, IN.
NON=ZERD SECTIONS THE STACK INSTRUCTIONS WILL RECOGNIZE EITHER
OF TWO FORMS OF STACK POINTER;: “ |

1, LOCAL STACK POINTER

IF THE LEFT HALF: OF THE STACK POINTER IS NEGATIVE OR ©
BEFORE INCREMENTING OR DECREMENTING, THE RIGHT HALF
WiLL BE TAKEN AS AN ADDRESS WITHIN THE SECTION
SPECIFIED BY THE PC, INCREMENTING AND DECREMENTING THE
STACK POINTER WILL MODIFY BOTH HALVES OF THE POINTER AS
ON THE KI10, AS ON THE KI, ANY CARRY OUT OF BIT 18 1§
SUPPRESSED, 50 THAT LOCAL STACKS WILL NOGT CROSS. SECTION
BOUNDARIES, ‘ ‘ ' ’

2, GLOBAL STACK POINTER

IF THE LEFT HALF OF THE STACK POINTER IS POSITIVE AND
NON=0 BEFORE INCREMENTING OR DECREMENTING, THE ENTIRE
POINTER WILL BE TAKEN AS A 30-BIT STACK ADDRESS WITH NO
COUNT FIELD, THE POINTER WILL BE INCREMENTED AND
DECREMENTED AS A SINGLE QUANTITY, STACK OVERFLOW AND
' UNDERFLOW DETECTION IS EXPECTED TO BE PROGRAMMED BY
SETTING A RESTRICTED ACCESS ON THE PAGES AT EITHER END
OF THE STACK, SINCE THE ABSENCE OF A COUNT PREVENTS AN
EXPLICIT HARDWARE CHECK, CARRIES OUT OF BIT 18 ARE NOT
SUPRESSED,  THUS A STACK CAN CROSS SECTION BUUNDARIES,
THIS FORMAT 15 EXPECTED TU BE USED AS THE STANDARD IN
EXTENDED SECTIONS, |

THUS MACHINE INDEPENDENT SUBROQUTINES CAN BE WRITTEN WHICH RUN
ON  THE KI, IN SECTION O AND NONwZERO SECTIONS ON THE KL, ONLY
THE CODE WHICH INITIALIZES THE STACK POINTER NEEDS TO KNOW THE
ENVIRONMENT, NOTE' THAT THE ABOVE TWO FORMATS ARE THE SAME AS
THE. INDEX REGISTER FORMATS AND BEHAVE IN AN ANALOGDUS MANNER,
WARNINGS PUSHING ON A LOCAL STACK WHICH HAS PREVIOUSLY
- OVERFLOWED (I1,E,,. 0y.N BEFORE PUSH) WILL RESULT IN STORING IN
SECTION 1 (I,E., 1,/N+1), } '
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~ ARGLST:

SUBR:

EXAMPLES « PUSHDOWN STACK POINTER BEFORE AND AFTER

INSTR,

PUSH
PUSH
PUSH

STACK POINTER AC

BEFORE "AFTER
6,100 =5,,101 ;STACK IN PC SECT,
»1,,105% Q0rel06 FOVERFLOW
32,100 32,,101 ;STACK IN SECT,32

EXAMPLE « SUBROUTINE ARGUMENT LIST MECHANISM (IFIWS)

IN SECTION 223

MOVE  P,[10,,2000] }START PUSHDOWN LIST IN
| i 3RD PAGE OF SECT, 10
MOVE  CFyP }SETUP CURRENT STK FRAME
[ I .
XMOVEI AP, ARGLST 3SET LH®22,RHSARGLIST
PUSHJ  P,@{30,,SUBR]  jCALL SUBR IN SECT, 30
2000 }ARG COUNT
400000,,1000 1ARG IN LOC 22,,1000
400000, ,50 (PF) JARG IN LOC 50 IN

PUSH
MOVE

"o
MOVE
*e
MOVE

L
POP
POPJ

 TRANSIENT STORAGE

IN SECTION 30:

P.PF }SAVE OLD PREV STK FRAME
PF/CF JSETUP PREVIOUS STACK FRAME
T,@0(AP) JGET OST ARG (FROM 22,,1000)
T,@1(AP) JGET 1ST ARG [(FROM 50 IN

; CALLER'S STACK FRAME]

PyPF | PRESTORE PREVIOUS FRAME
Py JRETURN [T0 SECTION 22)
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8,4 LUUO (OPCODES 1=37)

IT IS DESIRABLE T0O BE ABLE TO EXECUTE LUUUS IN: ANY SECTION AND
INVOKE COMMON CODE,  THEREFORE, WHEN THE PC IS IN A NON=ZERO
SECTION, ALL LUUOS WILL TRAP TO THE SAME PLACE (6], WORD 420
IN THE USER PROCESS TABLE (UPT) WILL CONTAIN THE ADDRESS OF A
4=WORD BLOCK FOR LUUO INFORMATION, SEE CHAPTER 2,9, EXEC AND
USER PROCESS TABLES (EPT,UPT), THE INFORMATION IS FORMATTED AS
FOLLOWS 3 |

11 11 22 33 3

0 5 6 23 18 6.7 ¢ 1 5
LI E LTI LS T PR ET T T TR S T T

(4] 4 FLAGS {1 0 ) OPCODE § AC- Y 0O

T T VD O AP O 0 T

1 1 0 OLD PC (30=BIT) « :
hd A AL DR AL LS LAl LR 2 A ST L el L Py
2 1 0 EFFECTIVE ADR OF UUO }
O e WA T OO A R
3 0 ‘ NEW PC (30=BIT) :

L L T R LT T Y Ty T

HENCE, EXECUTION OF AN LUUO WILL CAUSE THE PROCESSOR PC: AND
FLAGS T0 BE STORED, THE OPCODE, AC, AND EFFECTIVE ADDRESS OF
THE LUUO TO BE STQRED, AND THE PROCESSOR TO BEGIN UPERATION AT
THE LOCATION SPECIFIED BY THE "NEW PC® THE PROCESSOR FLAGS WILL
NOT BE CHANGED, 1IN SECTION 0 THE LUUO MECHANISM WILL WORK AS
ON THE KI AND SO WILL INVOKE A SEPARATE LUUD HANDLER WHICH MUST
BE 1IN SECTION o,

WARNJNG: THE USE OF LUUOS BY ONE PROGRAMMER WILL PROBABLY
PREVENT 'HIM FROM INTERFACING WITH OTHER CODE WHICH ALSOD USES
LUOUOS, UNLESS THERE IS PRIOR AGREEMENT BETWEEN THE  TWO
PROGRAMMERS, ) '

THUS LUUOS SHOULD BE USED FOR SELF=CONTAINED APPLICATIONS ONLY,
THEREFORE. THE USE OF LUUOS WILL NOT BE ALLOWED UNDER THE DEC
PROCEDURE CALLING STANDARD, FURTHERMDRE, IF ROUTINES INITIATED
BY SOFTWARE INTERRUPTS ALSO USE LUUOS, THEY MUST BE CAREFUL TO
SAVE AND RESTORE WORDS 0«2 OF THE LUUO BLDCK,  THIS WARNING
WILL APPEAR IN THE HARDWARE REFERENCE MANUAL, '

IN EXEC' MODE AN LUUO IN A NON=ZERQD SECTION WILL DO AN MHUG,;
MUNITORS DO NOT TYPICALLY USE LUUOS,
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8,5 MUUO (OPCODES 0, 40«77, ALL UNDEFINED OPCODES)

EXECUTION OF AN MUUO WILL CAUSE THE UUD TINFORMATION 70 BE
STORED IN A 4=WORD BLOCK BEGINNING AT LOCATION 424 QF THE UPT,

424
425
426
427
 THE NEW
UPT+430

JUST aS
GLOBAL

COMPUTE
AND "PREVIOUS CONTEXT PUBLIC"), AND WILL CLEAR THE REST

USER"

11 1.1 22 33 3
0 5 6 23 178 67 01 5
O WO A
i FLAGS | 0 | OPCOpE ¢ AC Y 0 }
LALS LA RS L LT LT Ly I P e
Foo ot OLD PC :
LA AR LA AL I LIS Tt Il P Y BT T s
i 0 L EFFECTIVE ADR OF UUD :
A T O TR A A A
! PROCESS CONTEXT WORD |

#vaqm-wwqmmﬂmnnnma-nmwwnqmnnhnnnn-»uuq*

PC. WORD WILL BE SELECTED FROM A BLOCK OF 8 WORDS AT
ACCORDING TO THE CONTEXT IN WHICH THE MUUG WAS EXECUTED
ON THE KI10, THE NEW PC WORD WILL BE TAKEN AS A 30=BIT
ADDRESS WITH NO FLAGS, THE HARDWARE/MICROCODE: WILL
THE PROPER SETTINGS OF PCU AND PCP ("PREVIOQUS CONTEXT

OF THE PROCESSOR FLAGS,

IN ORDER TO FACILITATE USE OF AC OPERANDS WITH LUUOS AND MUUOS,
THE FOLLOWING RULES GOVERN' THE EFFECTIVE ADDRESS WORD STQR&D 1N

THE U0O
i,

;‘2'

BLOCK [3]%

IF BITs 18=31 OF THE EFFECTIVE ADDRESS OF THE UU0O ARE
ZERU AND A LOCAL ADDRESS BUT BITS 6=17 ARE NON=ZERO,
STORE 1 IN THE SECTION FIELD OF WORD 2, AND STORE BITS
18«35 IN THE RH OF WORD 2, THIS CONVERTS THE HARDWARE
AC ADDRESS TO THE SECTION=INDEPENDENT FORM,

OTHERWISE, STORE THE FULL 30-BIT EFFECTIVE ADDRESS N
WORD 2,

THIS 1S THE SAME SET OF RULES AS GOVERNS XMOVEI,
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8,6 BLT

THE PRESENT FORMAT OF BLT OPERANDS IS INSUFFICIENT TO SPECIFY
THREE FULL ADDRESSES, THEREFORE A NEW INSTRUCTION, XBLT, WILL
BE SPECIFIED (SEE BELOW), HOWEVER, THE: EXISTING  BLT
INSTRUCTION IS USEFUL FOR INTRA=SECTION DATA MOQVES, AND IS
SPECIFIED TO WORK AS FOLLOWS}:

1, THE SQURCE ADDRESS 15 TAKEN TO BE THE LEFT HALF OF THE
CONTENTS OF AC IN THE SAME SECTION AS THE EFFECTIVE
ADDRESS (WHICH CAN SPECIFY ANY SECTION),.

2, THE DESTINATION ADDRESS IS TAKEN TO BE THE RIGHT HALF
OF THE CONTENTS OF AC IN THE SAME SECTION AS THE
EFFECTIVE ADDRESS (WHICH CAN SPECIFE ANY SECTION),

3, DATA IS MOVED UNTIL THE DESTINATION ADDRESS 1S EQUAL TO
THE EFFECTIVE ADDRESS, CARRIES OUT OF BIT 18 ARE
SUPPRESSED, SO THAT THE BLT STAYS IN THE SAME SECTION
BY WRAPPING AROUND,

HENCE THE FORMAT OF THE AC OPERAND OF BLT IS NOT CHANGED FROM
THE KI10 IMPLEMENTATION, THE SOURCE AND DESTINATION SECTIONS
ARE ALWAYS THE SAME AS SPECIFIED BY E WHICH CAN BE DIFFERENT
FROM THE PC, REFERENCES BY BLT TO ADDRESSES IN WHICH 18+#31 ARE
0 WILL ALWAYS BE AC REFERENCES,

847 EXTEND=STRING OPERATIONS

THE EXTEND INSTRUCTION IS DOCUMENTED 1IN CHAPTER 2,10, THE
EXTEND INSTRUCTION, TO SUPPORT EXTENDED ADDRESSING, A 6=§ORD
BLOCK WILL BE USED IN ALL SECTIONS CONSISTING OF TWO 3=AC
BLOCKS AS FOLLOWS; -

A

AC+0 i - COUNT H

*nwﬁgnnnnmnﬂp!waw-qv-m.m-mqv-nnn§

+1 ! BYTE PTR FIRST PART :

o O O TR O o O .

+2 ! 2ND WORD IF EXTENDED PTR !

ﬁqnqﬂwntmnuumuwmqqn#qnwn-wnqnwuu*

+3 ! COUNT !

OO O AR A A

+4 i BYTE PTR FIRST PART :

%?'ﬂﬂ*"mﬂvﬂwnnﬂawnmﬂnwmannubun*

+5 ! 2ND WORD IF EXTENDED PTR' :

AT o

BYTE POINTERS ARE IN THE ONE» OR TWO=WORD FORMAT DESCRIBED
ABOVE, IF BIT 12 OF THE POINTER IN AC+1 (AC+4) IS 0, AC+2
(AC+5) 1S IGNORED,
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8,8 AQBJN

THE TWO HALF=WORD FORMAT OF THE AQBJN POINTER IS UNSUFFICIENT
TO SPECIFY A GLOBAL ADDRESS, HOWEVER, THE FORMAT MAY BE USED
FOR INDEXING AS DESCRIBED ABOVE BECAUSE THE LEFT HALF IS
NORMALLY NEGATIVE, IT 1S THEREFORE USEFUL FOR SCANNING LOCAL
TABLES (WITHIN THE SAME SECTION) AND WILL BE RETAINED WITROUT
MODIFICATION, FOR SCANNING TABLES IN AN ARBITRARY SECTION, THE
PROGRAMMER WILL TYPICALLY USE AN INDEX CONTAINING A GLOBAL
ADDRESS AND, IF NECESSARY, A SECOND WORD FOR THE COUNT, AND
WILL NOT EMPLOY AOQBJN IN THIS CASE,

8,9 JSA, JRA

THESE INSTRUCTIONS USE A FORMAT WHICH DOES NOT ALLOW THE
STORING OR SPECIFICATION QOF A GLOBAL ADDRESS, SINCE THEY ARE
ALSO CONSIDERED AN OBSOLETE AND -UNRECOMMENDED METHOD FOR
SUBROUTINE CALLING, THEY WILL WORK THE SAME AS ON THE KI, NOTE
THAT THEY WILL WORK IN NON=ZERO SECTIONS, BUT WILL BE USEFUL
ONLY FOR INTRA~SECTION CALLS, SINCE ONLY AN 18~BIT PC IS STOURED
€71, '

8,10 BLKI, BLKO

THESE INSTRUCTIONS USE A POINTER FORMAT WHICH DOES NOT ALLOW
THE SPECIFICATION OF A GLOBAL ADDRESS, THEY ALSO APPEAR TO
HAVE NO LIKELY USE 0N 20«SERIES MACHINES, FOR DIAGNOSTIC
COMPATABILITY HOWEVER, THE KL10 WILL SUPPORT THESE INSTRUCTIONS
BY DEFINING THAT THE POINTER ADDRESS ALWAYS REFERS T0 THE PC
SECTION, SEE SECTION 9 FOR BLKI IN PI LOCATION,
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8,11 XCT

THE DEFAULT SECTION FOR THE OBJECT INSTRUCTION SHALL BE THE
SECTION OF THE EFFECTIVE ADDRESS OF THE XCT, SEE ATTACHED
FLOWCHART, HUWEVER PC STORING INSTRUCTIONS WILL STORE THE PC
SECTION, RATHER THAN THE SECTION SPECIFIED BY THE EFFECTIVE
ADDRESS. OF THE XCT, THIS MAINTAINS COMPATIBILITY WITH THE KI
(WHICH STORES THE PC+1) (8], LOCAL STACK POINTERS WILL ALSO
ASSUME THE PC SECTION, RATHER THAN THE SECTION SPECIFIED BY THE
EFFECTIVE ADDRESS OF THE XCT [10], NOTE THAT THE HARDWARE
PERFORMS ALL INSTRUCTIONS WITHOUT ANY SPECIAL CHECK FOR BEING
EXECUTED UNDER XCT OR NOT,

EXAMPLE OF XCT oF CODE IN ANOTHER SECTION3
IN SECTION 22:

XCT @(30,,1000)
LOCATION 1000 IN SECTION 30:

MOVE  T,2000

WILL LOAD T WITH CONTENTS OF LOCATION 2000 IN SECTION
30, NOT SECTION 22,

EXAMPLE = STACK AND PC STORING UNDER XCT
IN SECTION 22, LOCATION 100%
XCT @130,41000]
LOCATION 1000 IN SECTION 303
PUSHJ  P,SUBR
TRANSFER TO SUBROUTINE SUBR IN SECTION 30, NOT 22, IF
C(P) IS LOCAL, STACK IS ASSUMED TO BE IN SECTION 22,

NOT 30, THE PC STORED ON STACK IS 22,,101, NOT
30,,1001,
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9, PI HANDLING

INITIATION OF A PI CYCLE WILL CAUSE THE EXECUTION OF AN
INSTRUCTION IN THE EPT AS IS NOW DONE ON THE KI10, FOR
EXTENDED ADDRESSING SUPPORT, THE RECOMMENDED INSTRUCTION IS
SRFP (SAVE THEN RESTORE FLAGS AND PROGRAM=COUNTER) DEFINED
BELOW, THIS INSTRUCTION SAVES THE CURRENT FLAGS AND 30=BIT PC
AND ESTABLISHES NEW FLAGS AND PC, THE INTERRUPT IS DISMISSED
BY EXECUTION OF ANOTHER NEW INSTRUCTION, RFPD, (RESTORE FLAGS
AND PROGRAM=COUNTER) WHICH RESTORES THE GLOBAL PC AND FLAGS,

WHEN AN INSTRUCTION IS BEING EXECUTED AS A PI INSTRUCTION, THE
DEFAULT SECTION FOR COMPUTING THE EFFECTIVE ADDRESS IS TAKEN TO
BE EXEC SECTION 0, RATHER THAN THE ACTUAL PC SECTION,
THEREFORE [IF A BLKI, BLKO, OR JSR 1I§ EXECUTED AS A PI
INSTRUCTION, IT WILL WORK AS ON THE KI10 FOR PROGRAMS (E.Gas
DIAGNOSTICS) NOT USING EXTENDED ADDRESSING, '

10, NEW INSTRUCTIONS

THE FOLLOWING NEW INSTRUCTIONS ARE REQUIRED TO PROPERLY HANDLE
EXTENDED ADDRESSING,

10,1 XMGVEI = MOVE EXTENDED ADDRESS (OPCODE = SETMI (9])

THIS INSTRUCTION MOVES ITS ENTIRE EFFECTIVE ADDRESS INTU THE
DESIGNATED AC, IT IS GENERALLY USED TO FIND THE EFFECTIVE
ADDRESS OF A POINTER CHAIN AND MAKE IT AVAILABLE FOR INDEXING,
1T IS THE ONLY "IMMEDIATE MODE"  INSTRUCTION WHICH HAS AN
OUPERAND WHICH IS GREATER THAN 18 BITS, BITS 0=5 ARE ALWAYS
ZERO, IF THE EFFECTIVE ADDRESS SPECIFIES A HARDWARE AC, THE
EFFECTIVE ADDRESS WILL BE CONVERTED TO THE SECTIOUN=INDEPENDENT
FORM, 1E., 1,.AC, THUS THE RESULT OF AN XMOVEI CAN BE STORED
OR MOVED TO ANOTHER SECTION AND STILL MEAN THE SAME ADDRESS,
THIS IS ANALOGOUS TO THE EFFECTIVE ADDRESS STORED BY MUUOS AND
LUUOS, NOTE THAT IF THIS INSTRUCTION 1S EXECUTED WITHOUT
INDEXING OR INDIRECTION, E,Ge., XMOVEIL 1,20, IT WILL MOVE THE
CURRENT SECTION INTO THE LEFT HALF OF THE DESIGNATED AC (E MUST
BE 20 OR GREATER), XMOVEI ON A KI WILL WORK CORRECTLY (SINCE
OPCODE IS SETMI), SO THAT THE SAME SUBROUTINES WILL RUN ON 'THE
K1 AND KL, MOVXA I8 ALSO USED TO TEST FOR KI COMPATIBLE
SECTION (SEE SECTION 11,1),
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10,2 XBLT » EXTENDED BLOCK TRANSFER (EXTEND OPCODE 020)

XBLT IS A MEMBER OF THE EXTENDED INSTRUCTION SET, USED UNDER
EXTENDED ADDRESSING,  XBLT TRAPS AS AN MUUO IN SECTION 0, BUT
OTHERWISE MOVES DATA FROM ANY VIRTUAL ADDRESS TO ANY OTHER,
THE NUMBER OF WORDS TRANSFERRED IS SPECIFLED BY AC, THE ADDRESS
OF THE SOURCE BLOCK IS GIVEN BY AC+1, AND THE ADDRESS OF THE
DESTINATION BLOCK IS 1IN AC+2, BOTH ADDRESSES ARE ALWAYS
GLOBAL,

IF AC IS POSITIVE, THE BLOCK ADDRESSES IN AC+1 AND AC+2 ARE THE
LOWEST ADDRESSES OF EACH BLOCK, AND IDENTIFY THE WORDS WHICH
ARE TRANSFERRED FIRST 1IN TIME, THE TRANSFER PROCEEDS BY
INCREMENTING  THE ADDRESSES IN AC+1 AND AC+2 AFTER EACH
TRANSFER, AND DECREMENTING AC UNTIL IT REACHES ZERO,

IF AC 15 NEGATIVE, THE BLOCK ADDRESSES IN AC+1 AND AC+2 ARE
GREATER, BY 1, THAN THE HIGHEST ADDRESSES OF EACH BLOCK, THE
TRANSFER PROCEEDS BY DECREMENTING THE  ADDRESSES 1IN AC+1 AND
' Agﬁz BEFORE EACH TRANSFER, AND INCREMENTING AC UNTIL IT REACHES
ZERD, & . :

SINCE XBLT IS INTERRUPTABLE, RESULTS ARE INDETERMINATE TIF ACe
AC+1, OR AC+¢2 IS IN EITHER SOURCE OR DESTINATION BLOCK.
UTHERWISE THE EFFECT OF BLT ON AC'S IS EQUIVALENT TO3

ADD AC+1/,AC
ADD AC+2,AC
SETZM AC
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10,3 XJRSTF = RESTORE FLAGS AND PROGRAM=COUNTER (JRST 5,)

THIS INSTRUCTION RESTORES THE FLAGS AND PC DOUBLE=WORD FROM E
AND E+1 , THE DOUBLE-WORD FORMAT 1S3

0 | 13 17 18 35

Rl Al L LY ST T Y T Y Y Y

0 ! FLAGS ! 0 ! IGNORED H
. AT A .

1 i1 0 ! 30 BIT PC '

o O O A A T A W

FLAGS AND PC DOUBLE=WORD

THIS FORMAT IS USED BY LUUOS, MUUOS, AND  ADDITIONAL
INSTRUCTIONS DEFINED BELOW, NOTE THAT, UNLIKE JRSTF, NO
INDIRECTION 18 NEEDED, BITS 13=17 MUST BE ZERD, BECAUSE THAY
ARE RESERVED FOR FUTURE HARDWARE, BOTH WORDS ARE FETCHED
BEFORE THE FLAGS TAKE EFFECT, XJRSTF HALTS IN KI EXEC MODE,
TRAPS IN KI USER MODE, WORKS IN ALL KL MODES AND SECTIONS,
XJRSTF WILL BE IN FUTURE MACHINES WHICH HAVE = EXTENDED
ADDRESSING, “ ’ '

EXAMPLE = CPU INDEPENDENT FLAG CODE

XMOVI T,20 ;GET SECTION NO,

HLLZM T,SECTNO $SAVE FOR TEST

MOVSI 17,ACBLK PRESTORE ALL ACS

BLT 17,17 " $INCLUDING 17

SKIPN SECTNO ;IS THIS KL EXT, SECT,?
JRETF  @FLGPC $}NO, RESTORE FLAGS AND PC
XJRSTF FLGPC PYES,RESTORE FLAGS AND PC

NOTE THAT THE ABOVE CODE WORKS ON ALL CPUS, INCLUDING PDP=6,
KA, K1, KL SECTION 0, AND KL EXTENDED SECTIONS, V
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10,4 XJEN « RESTORE FLAGS AND PROGRAM=COUNTER AND DISMISS (JRST
6,) '

THIS PRIVILEGED INSTRUCTION PERFORMS ALL THE FUNCTIONS OF
XJRSTF AND IN ADDITION DISMISSES THE CURRENT PI LEVEL, IT IS
INTENDED TO BE USED IN PLACE OF JEN @E UNDER EXTENDED
ADDRESSING, | |

XJEN HALTS IN KI EXEC MODE, TRAPS IN KI USER MODE, WORKS IN
EXEC KI COMPATIBLE SECTION, TRAPS IN USER KI COMPATIBLE SECTION
(EXCEPT USER 10T MODE), AND TRAPS IN USER EXTENDED SECTIONS.
(EXCEPT USER IOT MODE), XJEN MAY NOT BE PRESENT IN FUTURE
MACHINES, | |

10,5 XPCW = SAVE THEN RESTORE FLAGS AND PROGRAM=COUNTER (JRST
T4)

THIS PRIVILEGED INSTRUCTION IS INTENDEDTO BE USED IN INTERRUPT
LOCATIONS, IT REFERENCES A 4=WORD BLOCK AT ITS EFFECTIVE
ADDRESS FORMATTED AS FOLLOWS: '

0 35

+qumwpwnnl-nnnnnnmwnwnu-qnmnﬂﬂi*
0 10LD FLAGS! !
B L g
| !0 QLD PC (30=BITS) !
o T o O
2 INEW FLAGS! i
*mmno-nuunnpwmwmwmwﬁwum!pnuﬁnuﬂw+ .
3 10t NEW PC (30+BITS) }

*ppnnwuna.xmwmuwmmnn-mvpﬂwmﬂmmﬂmQ

THE CURRENT FLAGS AND PC ARE STORED IN THE FIRST DOUBLEWORD,
AND NEW FLAGS AND PC ARE ESTABLISHED FROM THE SECOND
DOUBLEWORD, DISMISSING AN INTERRUPT INITIATED WITH XPCW WOULD
TYPICALLY BE DONE WITH XJRSTF ADDRESSING THE SAME BLOCK, NOTE
THAT THE 4-WORD BLOCK MUST BE IN SECTION 0, SINCE THE DEFAULT
SECTION 1S 0 FOR INSTRUCTIONS EXECUTED 1IN AN INTERRUPT
LOCATION, XPCw HALTS IN KI EXEC MODE, TRAPS IN KI USER MODE,
WORKS IN EXEC KI COMPATIBLE SECTION, TRAPS IN USER KI
COMPATIBLE SECTION (EXCEPT USER IOT MODE), WORKS IN EXTENDED
EXEC SECTIONS, AND TRAPS IN EXTENDED USER SECTIONS (EXCEPT USER

10T MODE), XPCW MAY NOT BE IN FUTURE MACHINES,
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10,6 XSFM » SAVE FLAGS IN MEMORY (JRST 14,)

THIS INSTRUCTION SAVES THE FLAGS IN BITS 0=12 OF E IN THE SAME
FORMAT AS THE FLAGS 1IN THE FLAGS AND PC DOUBLE WORD, THE
INSTRUCTION WORKS IN EXEC AND USER MODE, XSFM HALTS IN KI EXEC
MODE, TRAPS IN KI USER MODE, WORKS IN EXEC KI COMPATIBLE
SECTION, TRAPS IN USER KI COMPATIBLE SECTION (EXCEPT USER 10T
MODE), AND WORKS IN EXEC AND USER EXTENDED SECTIONS, XSFM WILL
BE IN FUTURE MACHINES WHICH HAVE EXTENDED ADDRESSING,

- THE 6 ARITHMETIC FLAGS: OVERFLOW (0), CARRY 0 (1), CARRY 1
(2), FLOATING OVERFLOW (3), FLOATING UNDERFLOW (11), AND NO
DIVIDE (12), WILL BE PRESERVED IN FUTURE MACHINES, THE
REMAINING FLAGSS FIRST PART DONE (4), USER (5), USER IN=OUT
(6), PUBLIC (7), ADDRESS FAILURE INHIBIT (8), TRAP 2 (9), TRAP
1 (10) ARE CPU DEPENDENT AND MAY BE CHANGED QR DISAPPEAR IN
FUTURE MACHINES,

EXAMPLE = CPU INDEPENDENT FLAG TEST CODE

MOVEM  T,SAVEAC JSAVE AC
XMOVEI T,20 3GET SECTION #, OR o LH
TLNN ~ T,el 118 THIS KL EXTENDED SECT?
JSP Tyot2  $NO, =6, KA, KI, KL SECT 0
XSFM T }YES, SAVE FLAGS IN T

HERE WITH FLAGS IN LH OF T
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11, COMPATIBILITY SUMMARY

THE FOLLOWING TABLE SHOWS HOW EACH OF THE NEW FEATURES WORKS IN
EXEC AND USER MODE ON THE KI, IN THE Kl COMPATIBLE SECTION AND
IN  EXTENDED ADDRESSING SECTIONS, THE CRITERIA FOR
CUMPATIBILITY ARE AS FOLLOWS IN DECREASING IMPORTANCE:

1, USER CODE WHICH RUNS ON THE KI MUST RUN 1IN THE KL
COMPATIBLE SECTION, INCLUDING SAVED CORE IMAGES, (TRAP
ON BIT 12 OF BYTE POINTERS DOES NOT VIOLATE THIS, 1IF
MONITOR CQHTINUES PROGRAM,),

2. IT SHOULD BE EASY AND NATURAL TO WRITE SUBROUTINES
FOLLOWING A STANDARD WHICH CAN RUN ON KIS, IN THE
COMPATIBLE KI SECTION AND IN EXTENDED SECTIONS, THE
LOADER CAN TAKE CARE OF ANY DIFFERENCES, S0 THAT A
SINGLE REL FILE WORKS FOR ALL THREE CASES,

3, CODE IN USER KI COMPATIBLE SECTION CAN USE  NEW

INSTRUCTIONS EXCEPT THOSE ADDED SOLELY FOR EXTENDED

" ADRESSING, HOWEVER CODE CANNOT REFERENCE OR TRANSFER
TO OTHER SECTIONS, EXCEPT THROUGH MONITOR CALLS,

FEATURE KI KI KL KL KL KL
, EXEC USER EXEC USER EXEC  USER
SECT=0 SECT=0 SECT>0 SECT>0

INDEXING KI KI K1 KI NEW  NEW
INDIRECTION  KI K1 K1 K1 NEW  NEW
HARDWARE ACS  KI KI KI K1 NEW NEW
PUSH,PUSHJ,ETC  KI KI K1 K1 YES YES

- (GLOBAL IF LH OF AC GREATER THAN )

Luuo KI K1 Kl K1 Muyg YES
(EXTENDED PC)

BLT K1 KI KI KI YES YES
(REFERENCE SECTION SPECIFIED BY E?)
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(TRANSFER TO ANY SECTION INCLUDING 07%)

FEATURE KI KI KL

' EXEC USER EXEC
SECT=0
2=W0ORD BYTE POINTER
IGNORED IGNORED IGNORED

(USE 2ND WORD IF BIT 12 = 17)

EXTEND=STRING  TRAP TRAP NO
(REFERENCE OTHER SECTIONS?)

AOBJN KI KI KI
(TABLES IN CURRENT SECTION?)

JSa,JRA K1 KI KI
(18 BIT PC ONLY)

BLKI,BLKO KI K1 KI
(CURRENT PC SECTION)

XCT KI KI KI
(DEFAULT SECTION FROM E OF XCT?)

XMOVE] (LH) 0 0 0

XBLT TRAP TRAP TRAP
(REFERENCE ANY SECTION?)

XJRSTF HALT TRAP YES
(TRANSFER TOQ ANY SECTION?T)

XJEN HALT TRAP YES
(TRANSFER TO ANY SECTION?)

XPCW HALT TRAP YES
(TRANSFER TQ ANY SECTION?)

XSFM . HALT TRAP YES
(READ FLAGS?)

JRSTF YES YES YES
(TRANSFER CONTROL?)

PC SETTING NO NO

KL
USER
SECT=0

IGNORED
NO

K1

Kl

Kl

K1

0

TRﬁP
YES

TRAP
TRAP
TRAP

YES

KL
EXEC
SECT>0

YES

YES

YES

YES

YES

YES

SECTION

YES

YES

YES

YES
YES

TRAP

0 ONLY O ONLY YES
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KL
USER
SECT>0

YES
YES
YES
YES
YES
YES

SECTION

YES
YES
TRAP

TRAP -

- YES

TRAP

YES
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11,1 TESTING FOR KI COMPATIBLE SECTION

THE CODE TO DISTINGUISH KI COMPATIBLE SECTION (AND KI MACHINE)
FROM KL EXTENDED SECTIONS 1S3 :

XMOVEL T,20 $GET CURRENT SECTION NUMBER
TLNN T,777777 }NON=ZERO SECTION?

HERE IF KI COMPATIBLE SECTION OR KI,KA, OR PDPw6
HERE IF KL EXTENDED SECTION

12, OLD INSTRUCTIONS

12,1 JRSTF = JUMP AND RESTORE FLAGS

1IN NON=ZERQ SECTIONS, JRSTF WILL GIVE AN ILLEGAL INSTRUCTION
TRAP, THIS I8 BECAUSE JRSTF 1S USUALLY USED WITH AN INDIRECT
WORD WHICH CONTAINS PC FLAGS IN THE LEFT HALF, THESE FLAGS
MIGHT MIST&KSNLY APPEAR TO BE AN EFIW (IF BIT 0=20), "

12,2 JRST X,E

THE AC FIELD OF JRS? IS BEING USED TO ENCODE NEW OPCODES WHICH
DO NOT NEED AN AC FIELD, UNUSED BIT COMBINATIONS WILL TRAP,
THE FOLLOWING AC BIT COUMBINATIONS ARE DEFINED;

AC OPCODE AC OPCODE

0 JRST 10 JUMP AND RESTORE INT,
1 PORTAL 11 ILLEGAL

2 JRSTF 12 JEN

3 ILLEGAL 13 ILLEGAL

4 HALT 14 XSFM

5 XJRSTF 15 ILLEGAL

6 XJEN 16 ILLEGAL

7 XPCW 17 ILLEGAL

THE NEW OPCODES WERE SELECTED BﬁCAHSﬁ THEY HAVE THE HALT BIT ON
AND SO ARE LEAST LIKELY TO BE USED IN EXISTING EXEC AND USER

- CODE,
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13, SPECIAL CONSIDERATION FOR ACS

THE ABOVE SPECIFICATION STATES THAT THE HARDWARE ACS APPEAR AS
THE FIRST 20 LOCATION OF ANY SECTION REFERENCED WITH A LOCAL
EFFECTIVE ADDRESS, INSTRUCTION FETCHES SPECIFIED BY THE PC ARE
ALWAYS LOCAL, EVEN IF A TRANSFER INSTRUCTION JUMPED TO A GLOBAL
ADDRESS, ~ " o | .

EXAMPLE = JUMPING TO SHADOW ACS [14]
JRST - @030/,2]

JUMPS TO SECTION 30 LOCATION 2, HOWEVER, THE PC FETCH
WILL COME FROM AC 2 (SINCE PC FETCH IS ALWAYS LOCAL),
THIS SHOULD NOT BE A PROBLEM, SINCE THE LOADER WILL
LOAD CODE STARTING AT 20 IN EACH SECTION, RATHER THAN
o . . ,

EXAMPLE = J3R T(O SHADOW ACS
JSR B8L30,,2]

STORES THE PC IN MEMORY IN 30,,2 AND CHANGES THE PC TO
‘30,,3, THE NEXT INSTRUCTION IS FETCHED FROM AC 3, NOT
MEMORY, THIS SHOULD NOT BE A PROBLEM SINCE THE LOADER
WILL LOAD CODE STARTING AT 20 IN EACH SECTION, RATHER
THAN O, '

EXAMPLE = XCTING SHADQW ACS
XCT @L30,,2]

WILL EXECUTE THE INSTRUCTION IN MEMORY AT 30,,2, NOT AC
2, THIS IS DESIRABLE SINCE TABLES OF INSTRUCTIONS ARE
EXECUTED AND THIS "DATA" SHOULD BE ABLE TU BE ANYWHERE
IN MEMORY, JUST LIKE ANY OTHER KIND OF DATA, HOWEVER,
AN INTERPRETER RUNNING IN A SEPARATE SECTION MUST CHECK
FOR THE PC GETTING INTO THE ACS, THIS 1S EASILY DONE
WITH XMOVEI, ' :
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EXAMPLE = SUBROUTINE CALLING FROM ACS

2/ PUSHJ P, SUBR
3/ EXP ARGLIST
4/ RETURN

WOULD NOT WORK CORRECTLY, IF THE FOLLOWING STRAIGHT
FORWARD CODE WAS PERFORMED:

SUBRS  MOVE AP, @(P) JFETCH MEMORY 20,3
UNLESS SUBR PICKED UP THE WORD FOLLOWING THE PUSHJ!

SUBRY  XMOVEI AP,@(P) 3GET ADDRESS 0,,3 TO AP
MOVE AP, 0(AP) $GET ARGLIST FROM AC 3

HOWEVER THIS IS A RARELY USED CALLING TECHNIQUE AND
CALLS TO SUBROUTINES ARE NOT USUALLY MADE FROM THE ACS,

14, TRAPPING FOR DYNAMIC LINKING

THE MONITOR WILL ASSIGN SECTION NUMBERS TO A USER PROCESS AS
THEY ARE NEEDED, INSTEAD OF HAVING THEM BUILT INTO USER
'PROGRAMS OR ASSIGNED BY THE LOADER, THEN THE SYSTEM CAN HANDLE
MORE CODE AND DATA THAN CAN FIT IN A SINGLE USER PROCESS, EVEN
THOUGH NO SINGLE USER CAN USE ALL OF IT, THE MONITOR WOULD NOT
ATTEMPT TO UNALLOCATE A. SECTION NUMBER ONCE [T HAS BEEN
ASSIGNED, DEC WILL NOT HAVE TO MAINTAIN A REGISTER (FOR DEC
AND ITS CUSTOMERS) OF SECTION NUMBERS ASSIGNMENTS, WE WILL NOT
NEED TO RESOLVE DUPLICATE ASSIGNMENTS, ETC, IN ORDER TO pO
THIS, THE MONITOR WILL NEVER ASSIGN SECTION 7777, THUS A NOT
ASSIGNED TRAP INVOLVING SECTION 7777 WILL BE INTERPRETED BY THE
MONITOR AS A REQUEST TO ASSIGN A SECTION NUMBER, THE RH OF THE
WORp WILL POINT TO ANY INFORMATION NEEDED, INCLUDING THE PROPER
RH, EXTENDED FORMAT INDIRECT WORDS WITH SECTION 7777 WILL BE
KEPT IN A PER=PROCESS COPY=ONeWRITE PAGE,
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APPENDIX

THE FOLLOWING DESIGN DECISION EXPLANATIONS ARE INCLUDED HERE SO
THAT WE WILL NOT FORGET THE REASONING WHICH LED TO THE =
DECISIONS, EACH POINT IS DEFINED BY A QUESTIUN IN THE FORM OF
AN  ALTERNATE PROPOSAL, THEN THE PROS AND CONS OF THE
ALTERNATIVE ARE INDICATED BY THE LABELED PARAGRAPHS, THE LAST
PARAGRAFH I8 A BRIEF DESCRIPTION OF WHAT I8 1IN THE
SPECIFICATION,

1, WHY NOT HAVE EXEC AND USER ADDRESS SPACE BE A SINGLE
ADDRESS SPACE BY USING THE HIGH ORDER BIT OF THE SECTION FIELD
TO INDICATE WHICH?

‘PRO$ ~ SIMPLIFIES THE HARDWARE SINCE ONLY ONE MAP IS NEEDED
PER PROCESS INSTEAD OF TwQ, ALSO MAY SIMPLIFY THE
METHOD THE MONITOR USES TO REFERENCE THE CALLER (PXCT),
THE AC FIELD BITS OF PXCT WOULD ONLY BE USED TO
INDICATE WHETHER TO USE CURRENT ACS OR PREVIOUS ACS AND
WHETHER TO GUARANTEE THAT THE USER BIT IS ON IN THE
SECTION NUMBER OR NOT, ALSQO RECURSIVE MONITOR CALLS
-COULD PASS USER ADDRESSES SINCE USER BIT 1S IN ADDRESS
(EACH LEVEL WOULD HAVE TO VERIFY THAT USER BIT WAS ON
BY DOING A PXCT),

CON¢  IT 1S NOT CLEAR THAT IT SIMPLIFIES THE HARDWARE
SUFFICIENTLY T0 PUT IT IN THE KL, 1T MAY GO IN A
FUTURE MACHINE,

SPECS THE ADDRESS SPACES ARE SEPARATE AS ON THE KI, THE .AC
BITS ALSQO CONTROL EFFECTIVE ADDRESS AND DATA ACCESSES,
SEE PXCT SPEC FOR MONITOR USE,.

2, WHY NOT SUPPRESS CARRIES OUT QF BIT 18 IN INSTRUCTIONS (AND
IFIwg)? ‘

PRO: INSTRUCTIONS (AND IFIWS) WORK CQN$ISTENTL¥ NO &ATTER
WHAT IS IN THE INDEX REGISTER,

CONg CAN'T CROSS A SECTION BUUNDARY,
SPEC:! THE SPEC SAYS THAT WHENEVER GLOBAL INDEXING IS

INVOLVED, SECTION BOUNDARIES ARE NOT OBSERVED, TRUE IN
INSTRUCTIONS, IFIWS, AND EFIWS,
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3, WHY NOT ELIMINATE THE ALTERNATE, SECTION=INDEPENDENT FORM
OF AC ADDRESS, L.E., VMA(6=31]=07 ‘

PRO¢ THEN LH=0 NOT CONFUSED WITH SECTION -0, ALSO  CAN
REFERENCE SHADOW ACS IN SECTION 0 JUST LIKE ANY OTHER
SECTION, O IN LH IS USED FOR 3 THINGS, WHICH ARE NOT
NECESSARILY INDEPENDENT3 ' ,

A, SECTION 0 (IN EFIWS)
B, LOCAL INDEXING (IN LH OF XR)
C. HARDWARE ACS (IN EFIWS IF BITS 18=3130),

CON;  SOFTWARE NEEDS A SECTION INDEPENDENT WAY OF ADDRESSING
THE ACS, THEN AN ADDRESS CAN BE PASSED, A SUBROUTINE
CAN COPY, OR A UUD CAN STORE AN ADDRESS AND HAVE IT
STILL REFER TO THE PRUPER LOCATION, ALSO AN EFLW CAN
SPECIFY ALL PUSSIBLE LOCATIONS INCLUDING THE ACS,

SPEC: THE SPEC HAS TWO FURMS OF ADDRESSING THE ACS?
A, LUCAL ADDRESS LESS THAN 20
B, GLOBAL ADDRESS LESS THAN 20,

4, WHY NOT KEEP JSP AND JSR THE SAME AS ON THE KI? L1,Eq,
STORE FLAGS AND 18~BIT PC, '

PRO3 DON'T NEED TO FIND A NEW WAY TO GET PC FLAGS, JSP AND
| JSR AREN'T USED VERY MUCH FOR SUBROUTINES,

CON; WOULDN'T BE ABLE TO USE TGO GO TO ANOTHER SECTION SINCE
ONLY 18~BIT PC, WOULDN'T BE ABLE TO PUT SETUP ROUTINES
FOR CALLING STANDARD IN A SEPARATE SECTION, CODE VERY
SELDOM DOES ANYTHING WITH THE FLAGS, NO SPECIAL
HARDWARE IS NEEDED TO MAKE JSP AND JSR WORK WITH GLOBAL
PC,

SPEC: JSP AND JSR STORE A GLQEAL PC IF LH OF PC Is NON=ZERO,
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5, WHY NOT MAKE ILDB AND IDPB WORK "CORRECILY" WITH BYTE
POINTERS WHICH HAVE AN INDIRECT BIT ON? I,E,., INCREMENT LAST
WORD FOUND IN INDIRECT CHAIN, INSTEAD OF BYTE POINTER ITSELF,

PRO;  THEN A BYTE POINTER COULD BE USED TO SPECIFY BYTE DATA
IN A DIFFERENT SECTION, WOULD NOT NEED TO INVENT THE
DOUBLE WORD BYTE PUINTER FORMAT, THEN EXTEND WOULD
ONLY NEED 4 ACS, '

CON; MANY SUBROUTINES WANT TO MAKE A COPY OF A BYTE POINTER
' FOR = EFFICIENCY, INSTEAD OF REFERENCING INDIRECTLY
THROUGH. AN ARGUMENT LIST, IT WOULD BE HARD FOR THE

CALLER TO STORE BACK THE UPDATED P AND & FIELDS IN THE

BYTE POINTER AND THE ADDRESS IN THE LAST INDIRECT WORD,

SPECt IN NON=ZERO SECTION, SPEC HAS ONE AND: TWO WORD BYTE
POINTERS DEPENDING ON BIT 12,

6¢ WHY NOT HAVE LUUOS TRAP TO CURRENT SECTION 40 AND 417

PRO3 FORMAT FOR 40 AND 41 IN EACH SECTION WOULD BE THE SAME

' AS ON KI, ALSO TWO PIECES OF SOFTWARE WHICH USE LUUOS
COULD CO=EXIST IN THE SAME PROCESS, PROVIDED THEY WERE
LOADED INTQ DIFFERENT SECTIONS,

CON; HAVING "WIRED=IN" ADDRESSES IN HARDWARE IS A BAD 1DEA
AND RESTRICTS SOFTWARE, ALSO A SINGLE PROCESS=WIDE
LUUO HANDLER WOULD BE MORE DIFFICULT,

SPECs In &0N*ZERD~SECTIGKS: LUUQ INFORMATION 1S STORED IN A
BLOCK OF 4 WORDS SPECIFIED BY THE CUNTENTS OF A WORD IN
THE UPT, THE GLOBAL PC AND GLOBAL EFFECTIVE ADDRESS IS
STORED ALONG WITH THE FLAGS AND OPCODE,

7, WHY NOT TRAP JSA AND JRA IN NON=ZERO SECTIONS?

PRO;  USER MAY BE MAKING A MISTAKE (IF EFFECTIVE ADDRESS 1§
IN A DIFFERENT SECTION) SINCE ONLY 18=BIT PC: CAN BE
STORED, | '

Cong EVEN THOUGH JSA AND JRA ARE RARELY USED, LEAVE FOR USE
IN INTRA«SECTION CALLS -SINCE COSTS NO EXTRA HARDWARE,

SPEC:  JSA AND JRA CONTINUE TO STORE ONLY AN 18=BIT PC,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,2 PAGE 40

COMPANY

8, WHY

CONFIDENTIAL =~ USER INTERFACE TO EXTENDED ADDRESSING

CAN'T INSTRUCTIONS EXECUTED BY XCT WORK AS IF THE

1NSTRUCTION HAD BEEN COPIED TO THE LOCATION OF THE XCT?

PRO;
CONg

SPEC3

9, WHY
PRO;
COng

SPECH

SIMPLE RULE, IT IS A NATURAL EXTENSION OF KI SPECs

1F A SUBROUTINE IS EXECUTING ‘A TABLE 1IN ANOTHER
SECTION, SOME  ENTRIES WOULD WANT TO HAVE LOCAL
REFERENCES REFER TO THE LOCAL SECTION INSTEAD OF THE PC
SECTION, ALSO IT WOULD BE HARD TO WRITE AN INTERPRETER
WHICH RUNS IN A DIFFERENT SECTION, '

COMPROMISESS PC IS STORED AS LOCATION OF XCT+1 TO BE
COMPATIBLE WITH KI, LOCAL STACK CUMES FROM PC SECTION
BECAUSE IT PROBABLY 1S WHAT A DISPATCHER WANTS, ALSOQ
IT 18 EASIER IN HARDWARE, EFFECTIVE ADDRESS OF OBJECT
INSTRUCTION STARTS AT SECTION OF OBJECT INSTRUCTION
(NOT SECTION OF XCT), IF CODE PERFORMING XCT WISHES 10
START EFFECTIVE ADDRESS IN PC SECTION, IT CAN FIRST
PICKUP THE INSTRUCTION INTO AC AND THEN DO XCT AC,

NOT USE A NEW OPCODE FOR XMOVEI, INSTEAD OF SETMI?
WOULD NOT PERTURB THE SYMMETRY OF THE BOOLEAN SET,

COULD NOT WRITE CODE WHICH RUNS  ON KI ALSQ,
FURTHERMORE, SETMI IS USED VERY INFREQUENTLY,

MOVXA (SETMI) MOVES THE SECTION NUMBER OF THE EFFECTIVE
ADDRESS TO THE LH OF THE AC, AS WELL AS THE LOW ORDER
PART 10 THE RH, '

10, WHY ISN'T DEFAULT SECTION OF AN IM&TRUCTIO&:EXECDTED UNDER
XCT ALWAYS THE SECTION WHERE THE INSTRUCTION IS?

PRO§

CON:

SPEC1:

THEN THERE WOULD BE A CONSISTENT RULE FOR THE
PROGRAMMER FOR THE 4 CASES IN WHICH PEFAULT SECTIONS
ARE USED: (1) PC STORING INSTRUCTIONS, (2) LOCAL STACK
POINTERS, AND (3) LOCAL EFFECTIVE ADDRESS, "

IT IS MORE IMPORTANT TO DO WHAT IS MOST USEFUL FOR
SOFTWARE, EVEN IF IT IS INCONSISTENT, (THOREAU WOULD
BE ‘PRQUD), PC STORING WOULD BE INCOMPATIBLE WITH KI,
WHICH STORES XCT+1, LOCAL STACKS PROBABLY WANT TO BE
IN XCT SECTION, ALSO EASIER IN HARDWARE, SINCE STACK
INSTRUCTIONS WORK THE SAME WHETHER UNDER XCT OR NOT,
EFFECTIVE ADDRESS OF OBJECT INSTRUCTION DOES START 1IN
SECTION WHERE THE INSTRUCTION IS, ' :

PC STORED IS XCT+l, LOCAL STACK POINTER ASSUMES PC

‘SECTION, AND EFFECTIVE ADDRESS STARTS IN SECTION WHERE

INSTRUCION 18,
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11,
PRO:

CON}

SPEC?

WHY NOT HAVE JUST ONE FORM OF INDIRECT WORD?

SIMPLER IN HARDWARE AND SOFTWARE,
NEED BOTH FURMS:
THE INSTRUCTION FORMAT INDIRECT WORD IS NEEDED:

A, SOFTWARE NEEDS BIT IN ARGUMENT LISTS FOR
ARGUMENT TYPE INFORMATION,

B, NEED TO BE ABLE TO HAVE ARGUMENT LISTS WHICH
WILL WORK ON KI, KI COMPATIBLE SECTION AND IN
EXTENDED SECTIONS, WHILE IT WOULD BE POSSIBLE
FOR THE LINKER TO CONVERT FROM ONE FORMAT TO
ANOTHER, IT SEEMS A PROBLEM, : ’

THE EXTENDED FORMAT INDIRECT WORD 1S NEEDED T0
REFERENCE LARGE ARRAYS, THE EQUIVALENT CODE IS:

MOVE B, [EFIW SECTIQH!TABLﬁj
" ADD B,1
FMP T1,(B)

INSTEAD OF:

FMP - Ti1,@[EFIW SECTION,TABLE(I)]
WHERE I CONTAINS THE INDEX INTO THE ARRAY, THIS
RESULTS IN 3 MEMORY CYCLES INSTEAD OF 5 AND TAKES 2
WORDS INSTEAD OF 4, (ACTUALLY SINCE. THE LITERALS 1IN
BOTH EXAMPLES WOULD BE POOLED, THE ACTUAL COMPARISON IS
1+ WORDS. COMPARED TO 3+, ’ .

HAS BOTH IFIWS AND EFIWS,
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12,

WHY NOT HAVE A LOCAL FGRM OF INDEXING IN EXTENDED FORMAT

INDIRECT WORDSy IE,, IF LH IS NEGATIVE OR 0, ADD ONLY RH OF XR
WITH SIGN EXTENDED?

THE RIGHT HALF OF FLOW CHART WOULD BECOME:

IF LH(XR) > 0, XR + VMAC6:35> 3> VMA<6335>
ELSE XR<SIGN EXTENDED> + VMA<6:35> &> VMA<6335>

INSTEAD OF JUST3

XR + VMA6I35> => VMA<6135>

PRO3

CON;

SPECt

13,

THIS WOULD ALLOW AQBJN TO BE USED FOR SMALL ARRAYS 1IN
OTHER SECTIONS, AS SHOWN BELOWS ‘

MOVSI  I,=LENGTH |
LOOP:  ADD T,@[EFIN SECTION,TABLE(I)]

e
AOBJN  I,LOOP

LARGE ARRAYS (GREATER THAN A SECTION) COULD NOT BE
REFERENCED NEGATIVELY, ‘ ’

BITS 6=35 OF INDEX REGISTER AND EFIW ARE TREATED THE

SAME WAY AS BITS 18«35 OF INDEX REGISTER AND INDIRECT
WORDS IN THE KI, :

WHY NOT HAVE A LOCAL FORM OF INDEXING IN EXTENDED FORMAT

INDIRECT WORDS, IE,, IF LH OF XR IS NEGATIVE OR 0, ADD ONLY RH
OF XR WITH NO SIGN EXTENSION, THIS QUESTION IS LIKE QUESTION
12 EXCEPT NO SIGN EXTENSION,

THE RIGHT HALF OF FLOW CHART WOULD BECOME;

IF LH(XR) > 0, XR<0335> + VMAL6335> => VMA<6:135>
ELSE XR + VMA => VNA<13335>

PRO3

CONg

SPEC:

THEN INDEX REGISTERS WOULD WORK THE SAME IN ALL FORMATS
OF INSTRUCTIONS AND INDIRECT WORDS, EITHER LOCAL OR
GLOBAL INDEXING COULD BE SPECIFIED ANYWHERE INDEXING IS
DONE,

IT WOULD VIOLATE THE OBJECTIVE OF IGNORING SECTION
BOUNDARIES IN EFIWS, WHEN THE INDEX WAS SMALL,
SECONDLY 1T WOULD PREVENT LARGE ARRAYS (GREATER THAN A
SECTION) FROM BEING REFERENCED NEGATIVELY (SEE 12
ABOVE),

INDEXING IN EFIWS JUST DQES A 30=B1T ADD TO 30=BIT
EFIW,
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14, WHY NOT TRAP IF A USER ATTEMPTS TO JUMP INTO THE ACS WITH
THE SECTION NUMBER NON=ZERO? .

PRO THE ANOMALIES IN SECTION 13 OF THIS SPECIFICATION WOULD
NOT HAVE TO BE EXPLAINED IN THE MANUAL, UNDERSTOOD BY
- THE PROGRAMMER, ALSO FUTURE MACHINES WOULD NOT BE
CONSTRAINED TO IMPLEMENT ACS IN THIS WAY, o

CONs IT 18 USEFUL, EVEN THQUGH NO FASTER, TO BE ABLE TO PUT
CODE 1IN THE ACS TO MAKE A LOOP WHICH IS DEPENDENT ON
DATA, THEN THE PROGRAM -DOES NOT NEED TO STORE THE LOOP
IN TRANSIENT STORAGE ON THE STACK AND JUMP TO IT,

SPEC3 ALLOWS JUMPING TO THE AC$. THE USER MUST BE AWARE THAT
THE ACS ARE A LITTLE "DIFFERENT" FROUM MEMORY, SEE
SECTION 13,

15, WHY NOT MAKE CODE IN BITS O~1 FOR IFIW BE 0O, INSTEAD ﬁ?
107 ' ‘

PROg MORE COMPATIBLE WITH EXISTING SUBROUTINE ARGUMENT LIST
IN WHICH BITS 08 ARE ZERO,

CON: THEN THE SENBSE OF THE SIGN BIT WOULD BE THE OPPUSITE OF
1Ts. SENSE 1IN XRS, IE,, 1 IF LOCAL, 0 IF GLOBAL, THIS
MEANS THAT AN INDEX REGISTER QUANTITY COULD NOT BE
INQIRECTEQ THROUGH AND VICE VERSA,

SPEC: THE SPECIFICATION CALLS FOR BITS O=1 TO BE 10 IN IFIWS,
' EXISTING CODE WILL NOT BE RUNNING NONeZERO SECTIONS
WITHOUT SOME CHANGES ANYWAY,

16, WHY NOT HAVE A SPECIAL EXECUTE INSTRUCTION INDICATE THAT
THE EFFECTIVE ADDRESS COMPUTATION IS T0 BE PERFURMED ﬁITH LARGE
ADDRESSES (PROPUSAL #1 -~ EXCT)?

PRO: THEN EXISTING KI CODE COULD BE PATCHED TO TAKE
ADVANTAGE OF EXTENDED ADDRESSING,

CON: T00 MUCH'QV@RKEAD. AN EXTRA WORD OF SPACE AND AN EXTRA
MEMORY CYCLE 18 REQUIRED FOR EACH EXTENDED REFERENCE,

SPECI  USE EXTENDED ADDRESSING WHEN NOT IN SECTION 0,
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17, WHY NOT EXTEND THE INDEX REGISTERS TO THE LEFT OF BIT 0
AND PROVIDE HARDWARE EXTENSION REGISTERS (PROPOSAL #3)7

PROS ALL INSTRUCTIONS WORK WITH EXTENDED ADDRESSING IN AN
OBVIOUS WAY, ‘

CON3 ADDS EXTRA CONTEXT TO A PROCESS AND A SUBRQUTINE,

B MAYBE 'ERROR PRONE, 'SINCE INDEXING COULD HAVE SIDE
EFFECTS, TOO RADICAL A CHANGE TO THE =10 ARCHITECTURE,
WHERE ACS ARE JUST LIKE %hMURXs

SPEC: THE PROGRAMMER PUTS THE SECTION NUMBER IN THE LEFT HALF
OF THE INDEX REGISTER,

18, WHY NOT HAVE DQUBLE WORD INDIRECT WORDS, IF BIT 1231
(PROPQSAL #3)? ' '

PRO? THEN BIT 12 IS CHECKED THE SAME IN INDIRECT WORDS AS IN

' BYTE POINTERS, IN A FUTURE MACHINE, BITS 0O=i1 OF AN
INDIRECT WORD COULD MEAN P AND 8, THEN INDIRECTION 1§
JUST A SPECIAL CA&E OF BYTE OPERATION AND VICE VERSA,

CONg AN EXTRA WORD OF SPACE AND TIME WOULD BE REQHIREQ FOR
EACH INDIRECT REFERENCE, SOFTWARE NEEDS SOME BITS FOR
ARGUMENT TYPE IN ARGUMENT LIST,

- SPEC3 THE SECTION NUMBER APPEARS IN THE SAME WORD, THE
INDIRECT WORD WITH BITS 0e=1=11 18 RESERVED FOUR THE
FUTURE, -

19, WHY NOT MAKE A SECTION # OF 0O IN AN EFIN  MEAN LOCAL
REFERENCE, INSTEAD OF SECTION 07

PRO; THEN INDEX AND INDIRECT FORMATS ARE EVEN MORE
COMPATIBLE,

CON: DON'T NEED IT, SINCE CAN ALWAYS USE IFIW WHEN LOCAL
ADDRESSING IS WANTED, ALSO IT WOULD MAKE IT IMPOSSIBLE
FOR  SPECIAL CODE LIKE DUBUGGER, MONITOR, OR
COMPATIBILITY PACKAGE TO REFERENCE SECTION 0, THE KI
COMPATIBILITY SECTION WQULD HAVE TO0 BE MOVED TO ANOTHER
SECTION,

SPEC? A 0 IN AN EFIN EXPLICITLY MEANS SECTION 0,
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20,

PRO:

CON:

SPEC:

WHY NOT IMPLEMENT A TRUE DOMAIN ARCHITECTURE?

MORE RELIABLE SBFTWARE: SINCE HARDWARE WOULD PROVIDE:
PROTECTION,

WE DON'T UNDERSTAND IT COMPLETELY YET, HOWEVER, WE
SHOULD STUDY IT BEFORE NEXT MACHINE, IT WILL REQUIRE
MORE EFFORT THAN EXTENDED ADDRESSING HAS, SEE "AN
EXPERIMENTAL KERNAL/DOMAIN ARCHITECTURE", BY M,  SPIER,
T. HASTINGS, AND D, CUTLER, ACM OPERATING SYSTEM
REVIEW, VOL 7 ¥4, OCT 1973,

THE PROTECTION FOR INTER=SECTION REFERENC&S IS THE SAME
AS FOR INTRA=SECTION REFERENCES,

(END OF CH2502,8PC]
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ABSTRACT

WHEN THE MONITOR IS CALLED VIA A TRAP, THE ADDRESSING SPACE OF
THE CALLER IS USUALLY DIFFERENT FROM THAT OF THE MONITOR, THE
PREVIOUS=CONTEXT EXECUTE  (PXCT)  INSTRUCTION PROVIDES A
MECHANISM FOR THE MONITOR TU REFERENCE THE CALLING ADDRESS:
SPACE, INCLUDING HARDWARE ACS, ON THE KL10, PXCT IS RESTRICTED
T0 USE IN EXEC MODE, THEREFORE, THE XCT OPCODE IS USED, AS ON
THE KI, HOWEVER, IT HAS BEEN ENHANCED TO WORK WITH EXTENDED
ADDRESSING, ALSO THE USE OF PREVIOUS ACS HAS BEEN GENERALIZED
QVER THE KI, |
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1+ INTRODUCTION

WHEN THE MONITOR 1S CALLED VIA MUUQO TRAP (INCLUDING JSYS), THE
ADDRESS SPACE OF THE CALLER IS USUALLY DIFFERENT FROM THAT OF
THE MONITOR, 1IN ADDITION, ON THE KL10 THE EXEC. AND USER
ADDRESS SPACES HAVE EACH BEEN EXTENDED TO PERMIT 32 256K
SEPARATE ADDRESS SPACES CALLED SECTIONS, THE PREVIOQUSeCONTEXT
EXECUTE (PXCT) INSTRUCTION PROVIDES A PROTECTED MECHANISM FOR
THE MONITOR TO REFERENCE THE CALLING CONTEXT NO MATTER WHICH OF
THE 64 EXEC OR USER SECTIONS IS CALLING THE MONITOR, FUTURE
MACHINES MAY EXTEND THE NUMBER OF SECTION FROM 64 TO 8192, FOR
A COMPLETE DESCRIPTION OF EXTENDED ADDRESSING SEE CHAP 2,2,
USER INTERFACE TO EXTENDED ADDRESSING,

THIS PROPUSAL IS INTENDED TQ REPLACE ALL PREVIOUS DOCUMENTS ON
PXCT AND MUUOS, THE REASONS FOR SOME OF THE DESIGN DECISIONS
ARE FLAGGED WLTH NUMBERS IN BRACKETS AND ARE EXPLAINED IN THE
APPENDIX, | | -
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2, BACKGROUND AND MOTIVATION

AN EXECUTE INSTRUCTION WITH NON=0 AC FIELD EXECUTED IN EXEC
MODE ON THE KI10 HAS GENERALLY BEEN KNOWN AS "MAPPED EXECUTEY
OR "EXECUTE PAGED®, IT IS NOW UNDERSTOOD THAT THIS FUNCTION IS
MORE ACCURATELY DESCRIBED AS "PREVIOUS CONTEXT EXECUTE", I.E,,
IT EXECUTES AN INSTRUCTION WHILE FORCING SELECTED MEMORY
REFERENCES TO HAVE THE SAME EFFECT AS THEY WOULD HAVE HAD IF
DONE BY THE PROGRAM WHICH CALLED THE CURRENT ROUTINE, ON THE
KL10 THE CURRENT ROUTINE WILL BE RESTRICTED TO EXEC MODE (1],
AS ON THE KI, THE AC FIELD OF THE XCT INSTRUCTION WILL BE
INTERPRETED SPECIALLY IN EXEC MODE ONLY (NOT USER OR USER=IOT
MODE), FOR CLARITY, THE MNEMONIC PXCT WILL BE USED WHENEVER
THE AC FIELD IS NON=ZERO, -

FOR EXAMPLE, IF A USER=MODE PROGRAM PERFORMS A MONITOR CALL
(MUUQ) THEN THE "PREVIOUS"™ CONTEXT I8 THE USER ADDRESS SPACE
AND USER AC'S, 1IF THIS MONITOR ROUTINE ITSELF PERFORMS A
MONITOR CALL, THE PREVIOUS CONTEXT WILL BE THE MONITOR ADDRESS
SPACE AND THE AC'S IN USE BY THAT ROUTINE, AND THE CURRENT
CONTEXT WILL ALSO BE THE MONITOR ADDRESS SPACE, BUT WITH A
(POTENTIALLY) DIFFERENT SET OF AC'S, THE MULTIPLE ACQ BLOCK
FEATURE OF THE KL IS USED S0 THAT BOTH THE CURRENT AND PREVIOUS
ACS ARE IMPLEMENTED IN HARDWARE, B ' ) N

THE EXTENDED ADDRESSING OF THE KL10 PROVIDES 32 256K USER
VIRTUAL ADDRESS SPACES, CALLED SECTIONS, EACH CPU HAS 32 EXEC
VIRTUAL SECTIONS, THE INSTRUCTION REPERTOIRE AND EFFECTIVE
ADDRESS CALCULATION IN EXEC AND USER SECTION 0 IS LIKE THE KI,
SECTION - 0 1S CALLED THE "KI COMPATIBLE  SECTION", THE
INSTRUCTION REPETOIRE AND EFFECTIVE ADDRESS CALCULATION IN EXEC
AND USER NON=ZERO SECTIONS HAS BEEN EXTENDED, 1IN ADDITION TO
ITS PREVIOUSLY STATED FUNCTIONS, PXCT ALSO PROVIDES A MEANS TO
FORCE THE EFFECTIVE ADDRESS COMPUTATION AND/OR  OPERAND
REFERENCES TO USE THE PREVIOUS CONTEXT SECTION, THAT IS, THE
SECTION IN WHICH THE CALLING PROGRAM WAS RUNNING, THUS PXCT
PROVIDES A MEANS FOR PASSING ARGUMENTS AND DATA TO AND FROM THE
MONITOR, ONCE AN EFFECTIVE ADDRESS COMPUTATION ENTERS (EXEC OR
USER) SECTION 0, IT CAN NEVER LEAVE, WHETHER UNDER PXCT OR NOT,
THUS, IN ORDER TO SUPPORT EXTENDED ADDRESSING, THE PART OF THE
MONITOR (THE JSYS OR UUO LEVEL) WHICH USES PXCT MUST BE MOVED
TO A NON=ZERO SECTION, ' '

NOTE THAT IT IS NOT INTENDED FOR PXCT TOU BE USED BY THE MONITOR
FOR UNSOLICITED REFERENCES TO THE USER PROGRAM, INSTEAD, SUCH
REFERENCES WOULD BE TYPICALLY DONE BY THE MONITOR MAPPING THE
PAGE TEMPORARILY INTO ITS ADDRESS SPACE, v
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3, PXCT SPECIFICATION

IN EXEC MODE THE AC FIELD OF PXCT (SAME OPCODE AS XCT) IS USED
TO SPECIFY WHICH OF THE MEMORY REFERENCES GENERATED BY THE
OBJECT INSTRUCTION ARE TO USE THE PREVIOUS CONTEXT AND WHICH
ARE TO USE THE CURRENT CONTEXT, THE AC OPERAND OF THE OBJECT
INSTRUCTION ALWAYS USES THE CURRENT AC'S AS SPECIFIED BY BITS
9»12 OF THE OBJECT INSTRUCTION; ONLY THOSE AC AND MEMORY
REFERENCES GENERATED DURING THE EFFECTIVE ADDRESS COMPUTATION
AND THE DATA READ/WRITE REFERENCES ARE CONTROLLABLE BY THESE
BITS,

3,1 PXCT, AC FIELD ENCODING

THE ENCODING SHALL BE AS FOLLOWS; WHERE A 1 IN THE SPECIFIED
BIT POSITION CAUSES REFERENCES OF THE STATED TYPE TO BE DONE IN
THE PREVIOUS CONTEXT, AND A 0 CAUSES THEM TO BE DONE. IN THE
CURRENT CONTEXT,

B9 (E1) EFFECTIVE ADDRESS COMPUTATION, Ec OF THE OBJECT
INSTRUCTION,

B10(D1) MEMURY OPERAND REFERENCES, BOTH FETCH = AND
STORE, SPECIFIED BY E, THEREFURE: SOURCE FOR
PUSH; DESTINATION FOR POP, AND BLT; SOURCE
BYTE DATA FETCH IN EXTEND; DESTINATION WORD
DATA STORE IN EXTEND«BLT, ' ‘

311(E23‘EFFEC?IVE ADDRESS COMPUTATION OF BYTE POINTER;
, EFFECTIVE ADDRESS. COMPUTATION SPECIFIED BY
DESTINATION BYTE POINTER IN EXTEND,

B12(D2) BYTE DATA FETCH OR STORE; STACK WORD IN PUSH,
POP; SOURCE DATA IN BLT; DESTINATION BYTE
DATA FETCH/STORE IN EXTEND; SOURCE WORD DATA
FETCH IN EXTEND=BLT, ” '

THE EFFECTIVE ADDRESS COMPUTATION MAY INVOLVE ARBITRARY
INDEXING AND/OR INDIRECTION WHICH FULLOW THE RULES FOR EXTENDED
ADDRESSING, I,E,, VMAC6=17> 1S TESTED AT EVERY STEP TO SEE
WHETHER TO USE KI STYLE (SECTION 0) OR EXTENDED ADDRESSING,

IF BIT 9=1, MEANING COMPUTE EFFECTIVE ADDRESS 1IN CALLER'S
CONTEXT, THE SECTION NUMBER OF THE CALLER IS COPIED INTO
VMA<6«17> BEFORE THE EFFECTIVE  ADDRESS OF  THE OBJECT
INSTRUCTION IS COMPUTED, THE SECTION NUMBER OF THE CALLER IS
KEPT IN A 5=BIT REGISTER CALLED PREVIOUS CONTEXT SECTION, PCS,
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THE EFFECT OF EACH BIT CAN BE SEEN IN THE FOLLOWING PICTURE FOR
THE TYPICAL INSTRUCTION:

B9 B10

El pi
o Lt LS 2  pmmmmew
tPXCT OQwwe=> ] INST QO==w==>!DATA |
o - tomEmmny temmmmey

FOR A BYTE INSTRUCTIONG

B9 B10O B11 B12
El D1 E2 D2
A -————— e - X L. L TS - ——
IPXCT Qew=>]INST Qeews>]PTR Om==w=>{DATA |

trmmemmn g ‘mmemmm§ pmmm—— rommmmy
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3,1,1 PXCT AC BIT COMBINATIONS

NOT ALL OF THE 16 POSSIBLE BIT COMBINATIONS ARE USEFUL, IF THE
EFFECTIVE ADDRESS COMPUTATION BIT (BIT 9 OR 11) SPECIFIES
PREVIOUS CONTEXT, IT ONLY MAKES SENSE FUR THE CORRESPONDING
DATA ACCESS BIT TO BE PREVIOUS ALSO (BIT 10 OR 12), THE
HARDWARE 1S FREE TO DO WHAT IS EASIEST FOR THE "NOT APPLICABLE"
CASES SINCE THE SOFTWARE WILL NOT USE THEM, FURTHERMURE, UNTIL
CUSTOMERS START WRITING THEIR OWN OPERATING SYSTEMS IN LARGE
NUMBERS, THERE 18 NO NEED FOR THE HARDWARE TO TRAP THE "NOT
APPLICABLE" CASES, THE FOLLUWING TABLE SHOWS THE LEGAL
COMBINATIONSS ‘ '

INST, Ei D1

i
N
=
»N

WHAT'S IN PREVIOUS CONTEXT

ALL CURRENT CONTEXT
E CURRENT, DATA PREV
E PREV, DATA PREV

MOVE 0 0
' 0 1
1 1
BYTE ALL CURRENT CONTEXT
' BYTE DATA PREV ‘ :
E(DATA) AND DATA PREV
C(E), E(DATA), DATA PREV
E¢C(CE), E(DATA), DATA PREV

oD OO0
el o ] Qéo

-0 00
Ll gl == 3 B

BLT ALL CURRENT CONTEXT
: SOURCE. PREV,
‘BEST, PREV

SOURCE PREV, DEST, PREV

- O
SO0
- e D

STACK ALL CURRENT

STACK PREV

C(E) PREV

C(E) AND STACK PREV

Es C(E) PREV

Er C(E) AND STACK PREV

OO0 OO0O

- D O
— e O D

EXTEND ALL CURRENT
DEST, DATA PREV

DEST E, DEST DATA PREV

SOURCE DATA PREV,

SOURCE DATA PREV, DEST DATA PREV
'SOURCE E AND DATA PREV

SOURCE E AND DATA PREV, DEST E AND DATA
PREV |

R0 0 OO0 OO

—-—-OC OO
coocoCoo
- e O e

ALL CURRENT

SOURCE DATA PREV

DEST, DATA PREV

SOURCE AND DEST DATA PREV

XBLT

cocoo
cooc
- - €D
- e O
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3,2 HARDWARE AC BLOCKS

THE FOLLOWING CHANGE FROM THE KI IS SPECIFIED FOR ALL ORDINARY
INSTRUCTIONS: ' '

le THE 2=BIT QUANTITY DEFINED AS "USER FAST MEMORY BLOCK"
ON THE KI10 1§ RENAMED "PREVIOUS=CONTEXT AC" (PAC) AND
IS5 USED ONLY DURING PXCT AS DESCRIBED BELOW, - IT 18
INCREASED TO 3 BITS IN ORDER TO PROVIDE 8 AC BLOCKS,

2, THE  NEW 3«BIT REGISTER 18§ DEFINED AS THE
"CURRENT=CONTEXT AC- BLOCK" (CAC), AND SHALL DESIGNATE
THE AC' BLOCK TO BE USED FOR ALL AC' REFERENCES WHETHER
THE PROCESSOR I8 IN USER OR EXEC MODE, :

NOTE: FUTURE MACHINES WILL NOT NECESSARILY HAVE MORE THAN ONE
SET OF HARDWARE ACS, HOWEVER THEY WILL IMPLEMENT THE
FUNCTIONALITY OF COMPUTING THE EFFECTIVE ADDRESS, INCLUDING
INDEXING AND INDIRECTION, USING AC VALUES THAT ARE DIFFERENT
FROM THE MONITORS BECAUSE THEY ARE THE CALLER!'S AC VALUES,

FOR AC REFERENCES UNDER PXCT, THE FOLLOWING APPLIES:

1+ THE AC REFERENCE(S) FOR THE AC OPERAND (IF ANY) OF THE
OBJECT INSTRUCTION (BITS 9=12 OF OBJECT INSTRUCTION)
‘ALWAYS USE THE AC'S IN THE "CURRENT AC BLOCK", AS
SPECIFIED BY THE CAC REGISTER,

2. OTHER AC REFERENCES, MEANING REFERENCES FOR INDEXING
DURING AN EFFECTIVE ADDRESS COMPUTATION AND ALL OTHER
ADDRESSES WITH BITS 18+31 = 0 GENERATED, DURING THE
EFFECTIVE ADDRESS COMPUTATION OR DURING THE EXECUTION
OF THE OBJECT INSTRUCTION, ARE CONTROLLED BY ONE OF THE:
BITS UF THE AC FIELD OF THE PXCT INSTRUCTION AS DEFINED
ABOVE, WHEN THE CONTROL BIT IS A 1 (INDICATING
PREVIOUS CONTEXT REFERENCE), THE REFERENCE WILL USE THE
AC(8) IN THE: AC BLOCK SPECIFIED - BY THE
"PREVIOUS=CONTEXT AC BLOCK" (PAC), WHEN THE CONTROL
BIT 18 A 0, THE REFERENCE WILL USE THE AC(S) IN THE AC
BLOCK SPECIFIED. BY THE "CURRENT=CONTEXT AC BLOCK"
(Cac), - o ,

NOTE THAT, UNLIKE THE K110, AC REFERENCES UNDER PXCT ARE NOT
AFFECTED AT ALL BY PCU, THEY ALWAYS USE THE PREVIOUS OR CURRENT
AC BLOCK AS DIRECTED BY THE CONTROL BITS OF PXCT, THE AC STACK
NOTION IN THE KI PROVED DIFFICULT TO IMPLEMENT WHEN INDEXING IN
THE PREVIOUS CONTEXT WAS CALLED FOR,. AS A RESULT, ON THE KL
MONITOR CALLS FROM THE MONITOR ARE MORE SIMILAR TO MONITOR
CALLS FROM THE USER, ON A MONITOR TO MONITOR CALL, THE MONITOR
CAN EITHER COPY THE ACS OR CHANGE THE CONTENTS OF CAC AND PAC
APPROPRIATELY, “
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343 PROCESS CONTEXT REGISTERS FOR PXCT

IN ADDITION TO THE 3=BIT REGISTERS CURRENT=CONTEXT AC BLOCK
(CAC) AND PREVIQUS=CONTEXT AC BLOCK (PAC), THE FOLLOWING
HARDWARE PROCESS STATE VARIABLES ARE DEFINED FOR USE UNOER
PXCT,

NAME % BITS FUNCTION
PCS 12 PREVIOUS CONTEXT SECTION [NEW]
' (KL=5)
PCU 1 : PREVIOUS CONTEXT USER=MODE [ON
o (
PCP 1 : PREVIOUS CONTEXT PUBLIC ([ON KI)

THESE PROCESS STATE VARlABhES ARE USED ONLY WHEN THE PROCESSOR
IS IN EXEC MODE, AS ON THE KI10, PCU IS PC BIT 6 AND PCP IS PC
BIT 0 WHEN THE PROCESSOR IS IN EXEC MODE, IN USER MODE, THESE
BITS HAVE THEIR TRADITIONAL MEANINGS (BIT 0 = OVERFLOW, BIT 6 =
USER I0),

3,3,1 PREVIOUS CONTEXT SECTION (PCS)

THE PREVIOUS CONTEXT SECTION REGISTER IS A POTENTIALLY 12=BIT
(5 BITS ON KL) PROCESS STATE VARIABLE WHICH CONTAINS THE
SECTION NUMBER FROM WHICH THE MOST RECENT MONITOR CALL WAS
MADE,  SINCE MONITOR CALLS CAN BE ﬁABE'FRG& BOTH EXEC: AND USER
MODE, PCU DISTINGUISHES EXEC AND USER - SECTION NUMBERS: (SEE
3.3,2),

IF THE PXCT CONTROL BIT El IS 1 (COMPUTE EFFECTIVE ADDRESS IN
PREVIOUS CONTEXT), VMA BITS 617 ARE REPLACED BY PCS BEFORE THE
EFFECTIVE ADDRESS OF THE OBJECT INSTRUCTION IS COUMPUTED, SEE
ATTACHED FLOW CHART, THUS PCS WILL AFFECT WHETHER K1 OR
EXTENDED ADDRESSING RULES ARE USED FOR THE EFFECTIVE ADORES&
CDM?HTATIQH. SEE CEA?TER 2,2, EXTENDED AﬁDRE&SIﬂG,

PCS I8 IK?LEMENTED AS AN INTERNAL REGISTER AND 15 NOT PART OF
THE NEW FLAGS AND PC DOUBLE WORD (2], INSTEAD, IT IS SETTABLE
AND READABLE BY THE MONITOR USING A SINGLE DATAU AND DATAI,
SEE SECTION 4, MONITOR UUO'S BELOW,
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3,3,2 PREVIOUS CONTEXT USER«MODE

PREVIOUS CONTEXT USER=MODE IS A 1=BIT PROCESS STATE VARIABLE
WHICH, IF 1, SPECIFIES THAT THE M0OST RECENT MONITOR CALL WAS
FROM USER=-MUDE, IF A 1, PCU CAUSES ALL NON=AC: PREVIOUS CONTEXT
REEERENCEﬁvGENERATEﬂ UNDER PXCT TO USE THE USER VIRTUAL ADDRESS
SPACE AS SPECIFIED BY THE C(UBR), IF A 0, PCU CAUSES ALL
NON=AC PREVIOUS CONTEXT REFERENCES GENERATED UNDER PXCT TO USE
THE EXEC VIRTUAL ADDRESS SPACE AS SPECIFIED BY THE C(EBR),
THIS BIT CAN BE CONSIDERED TO EXTEND THE PREVIOUS CONTEXT
SECTION NUMBER BY 1 BIT TO GIVE A PROCESS»WIDE SECTION NUMBER,
1eEes 6+BITS ON KL, 13=pITS ON A FUTURE MACHINE, A FUTURE
MACHINE MAY CHOOSE TO IMPLEMENT THE USER BIT AS THE HIGH ORDER
BIT OF THE SECTION NUMBER FIELD THROUGHOUT, IN WHICH CASE THE
PRQCESSmWiDE SECTIGN NUMBER WOULD BE 12-BITS,

AS ON THE KI, PCU IS IMPLEMENTED AS BIT 6 OF THE PC FLAGS WHEN
THE CPU IS IN EXEC=MODE, BIT 6 IS CALLED USER=10 MODE WHEN THE
CPU IS IN USER=MODE, '

3,3,3 PREVIOUS CONTEXT PUBLIC (PCP) ;

PREVIOUS CONTEXT PUBLIC IS A 1=BIT PROCESS STATE VARIABLE

WHICH, IF 1, SPECIFIES THAT THE MOST RECENT MONITOR CALL WAS

FROM A PUBLIC PAGE, IF A 1, PCP CAUSES ALL PREVIQUS CONTEXT
REFERENCES TO CONCEALED PAGES TO TRAP, THUS A MALICIDUS USER
CANNOT PASS THE MONITOR AN ADDRESS IN A CONCEALED PAGE UNLESS
THE - CALLER I8 CONCEALED, TH1S. BIT IS SET FROM THE PAGE
SPECIFIED BY THE PC OF THE MUUO OR JSYS, NOT PC+1, THUS AN
MUUO CAN BE DONE FROM THE LAST LOCATION IN A PUSLIC PAGE: WHICH
ABUTS A CONCEALED PAGE, ‘

AS ON THE KI, PCP IS IMPLEMENTED AS BIT 0 OF THE PC FLAGS WHEN
THE CPU 1S IN EXEC=MODE, BIT 0 IS OVERFLOW WHEN THE CPU 1§ IN
USER=MODE, o
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4, MONITOR UUOS (MUUD)

PCS IS READABLE/SETTABLE BY DATAI/DATAQ PAGe, DATAO PAG,
PROVIDES INDIVIDUAL LOAD BITS, S0 THAT PCS CAN BE CHANGED
WITHOUT CHANGING ANY OTHER STATES OF THE HARDWARE (2], PCU
CHANGES ONLY DURING A MONITOR CALL OR RETURN, IT SHALL BE THE
RESPONSIBILITY OF THE HARDWARE/MICROCODE WHILE PERFORMING ANY
~MUUQ TO STORE THE VALUE OF THESE VARIABLES IN MEMORY AND TO SET
THEIR NEW VALUES, LOCATION UPTPCW (USER PROCESS TABLE =
PROCESS CONTEXT WORD) 1IN THE UPT WILL BE ASSIGNED TO RECEIVE
PCS IN THE SAME FORMAT AS USED BY THE DATAQ PAG, THE ONLY
REASON FOR SAVING THE- OLD CONTENTS OF PCS, IS IN CASE THE
CALLER 1S THE MONITOR, THEN PCS IS SET TO THE SECTION FRQM
WHICH THE CALLER CALLED (BEFORE THE PC 1S INCREMENTED) ,

FLOW FOR MUUQ (MUUO AC, E)t (NOTEs THE LOCATIONS IN THE UPT
ARE GIVEN SYMBOLICALLY, SEE CHAP 2,9 = EXEC AND USER PRQCESS
TABLES = EPT, UPT FUR VALUE OF - SYﬁEQLSc

BEGIN MUUD
COMPUTE EFFECTIVE ADDRESS, VMA<6=352j :
STORE PC FLAGS IN UPTUUOKQ=12> ALONG WITH
OPCODE IR<O»B> AND AC<9#12> IN UPTUUQC18+30>;
STORE PC<13+35> GLOBAL ADDRESS IN UPTUUO+1;
STORE EFFECTIVE ADDRESS VMA<13«35> IN UPTUUQ+2;
STORE CURRENT AC: BLOCK REGISTER (CAC) (3],
PREVIOUS AC BLOCK (PAC) [3],
CALLER'S PREVIOUS CONTEXT SECTION (PCS) (5 IN KLl
IN UPTPCW IN DATAO PAG, FORMAT;
COPY CALLER'S CURRENT SECTION, PC<13«17> TO PCS;
- CLEAR ALL FLAGS AND SET PCU AND PCP APPROPRIATELY
' IN PROCESSOR STATUS DEPENDING WHERE CALLER CAME
FROM
FETCH NEW GLOBAL PC FROM C(UPT+D)<13=35>
WHERE D = UPTNMP + 4%USER + 2#(PUBLIC) + TRAP
CYCLE(SAME AS KI): ’
END (OF FLOW FOR MUUOQ)

IT 1S THE RESPONSIBILITY OF THE MONITOR TQ RESTORE PCS BEFORE
RETURNING TO A CALLER, FOR EFFICIENCY, THIS IS DONE IN A
SINGLE INSTRUCTION, THE TYPICAL SEQUENCE WOULD BE3

DATAQ PAG,UPTPCHW tRESTORE PREV CONTEXT,
: : $ INCLUDING PCS IN CASE MONITOR
3 IS CALLING
XJRSTF. UPTUUO ~ $LOAD FLAGS AND 30~BIT PC
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S5, APPLICABLE AND NON APPLICABLE INSTRUCTIONS UNDER PXCT

THE FOLLOWING TABLE SHOWS WHICH INSTRUCTIONS WILL BE USED BY
THE MONITOR UNDER PXCT AND WHICH WILL NOT, NO ATTEMPT WILL BE
MADE TO MAKE THE "NOT APPLICABLE" CATEGORY WORK COMPATIBLY ON
FUTURE MACHINES, FURTHERMORE SINCE VERY FEW CUSTOMERS WRITE
THEIR OWN MONITORS, NO ATTEMPT WILL BE MADE TO0 TRAP THE NOT
APPLICABLE CASES, '

APPLICABLE NOT APPLICABLE
ADJSP ; LUuos, MUUOS, JSYS

FLOATING POINT
DMOVE, DMOVN, DMOVEM, DMOVNM

1BP, ADJBP, ILDB, LDB, IDPB AOBJN, AOBJP, JRSTXX, XCT, PXCT
, DPB

EXTEND | PUSHJ, POPJ, JSR, JSP

XBLT JSA, JRA

MOVXX CLASS JUMPXX, ADJXX, SOJXX

XMOVE] 1/0

INTEGER ARITHMETIC

EXCH

BLT

PUSH, POP

CAIXX, CAMXX

SKIPXX

AOSXX, SOSXX

BOOLEAN

HALF WORD

TEST

SHIFT, ROTATE
MAP
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6, SPECIAL=CASE INSTRUCTIONS

THIS SECTION DESCRIBES THE OPERATION OF THE  APPLICABLE

INSTRUCTIONS, IT PARALLELS THE ORDER OF THE DESCRIPTIONS OF

THE INSTRUCTIONS DESCRIBED IN CHAPTER 2,2, EXTENDED ADDRESSING,

6,1 PC=STORING INSTRUCTIONS:; PUSHJ, JSP, JSR, POPJ

NOT APPLICABLE,

6.2 BYTE INSTRUCTIONS LDB, ILDB, DPB, IDPB, IBP, ADJSP
THE BYTE INSTRUCTIONS USE ALL 4 PXCT AC BITS AS FOLLOWS:

9(E1) EFFECTIVE ADDRESS COMPUTATION TO FETCH BYTE
POINTER,

10(D1) FETCH OF BYTE PUINTER,
11(E2) EFFECTIVE ADDRESS COMPUTATION OF BYTE DATA,

12(D2) FETCH OR STORE OF BYTE DATA,

643 STACK INSTRUCTIONS: PUSH, POP, ADJSP
THE STACK INSTRUCTIONS USE THE FOLLOWING PCXT AC BITS:

9(EL)  EFFECTIVE ADDRESS COMPUTATION, |

10(D1) DATA OPERAND FETCH OR STORE (PUSH, POP),

12(D2) STACK DATA FETCH OR STORE
THE STACK POINTER IS ALWAYS IN THE CURRENT AC, SINCE THE AC OF
ALL OBJECT INSTRUCTIONS ARE TAKEN FROM THE CURRENT ACS,
HOWEVER, THE DATA FETCH OR STORE IN THE STACK IS CONTROLLED BY

BIT 12, IN DETERMINING WHICH SECTION IS MEANT BY THE LH OF THE
STACK POINTER, PCS TAKES THE ROLE OF PC [6~17] WHEN BIT 12 = 1,
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FLOW CHART FOR STACK POINTER UPDATE

!
H
/ N\ YES
/ PXCT\womemunny
N7/ !
\ / !
NO } i
4 NO / \ YES
G mmmmmemn/ BIT‘SQ*;#Q@‘NQ*
i \2=1 / }
! \ 7/ !
/ N\ v 4N\ YES:
YES / PC  \ / BRCES \mwmewwummy
temmmonenwe/ SEC2Q \ \ . =0 / !
! \ / \/ 4
H N/ ¥ !
! {NO ING: ¢
i / N\ / N\ H
i NO / AC N\ / AC N\ :
z£mmﬂqqum-u/ LH > 0 \ / LH » 0 \ i
! N7/ N7/ !
{ N/ \ 7/ H
I LYES 1YES :
g o I o LA A E L LA LA X P L 2 Y Y x
! {USER REF <= USER | {USER REF <=PCU L |
! {SECTION <= LH(AC)! ISECTION <= LH(AC)! |
{ {CRY 18 PROPAGATES! ICRY 18 PROPAGATES! |
2 Ll AL LR L L L S 2 Ll T ] o :

T -
! USER REF <= USER |
ISECTION <= PC 13»17!
! HALVES HANDLED {
| INDEPENDENTLY !

T TR O o

o T A
! USER REF <= PCU !
! SECTION <= PCS |
! HALVES HANDLED |
! INDEPENDENTLY |

YL 2 L AP T Y LY
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6,4 BLT

BLT 1S PROVIDED UNDER PXCT SO THAT THE CODING IS THE SAME FOR
MONITORS WHICH RUN ON KIS, 10805 AND/OR KL WITHOUT SUPPORTING
EXTENDED ADDRESSING, | o

BLT USES PXCT AC BITS:
9(E1)  DESTINATION AND TERMINATION EFFECTIVE ADDRESS,
10(D1) DESTINATION DATA STORE,
12(D2) SOURCE DATA FETCH,

645 EXTEND

EXTEND USES THE 4 PXCT AC BITS MAINLY FOR THE SOURCE AND
DESTINATION

EFFECTIVE ADDRESS AND OPERAND ACCESS, THE DATA FETCH FOR THE
EXTENDED '
OPCODE WORD C(E) IS CQNTROL&EB BY B10, HOWEVER BIT 9(E1) DOES
AFFECT

THE EFFECTIVE ADDRESS COMPUTATION TO OBTAIN THE EXTENDED OPCODE
WORD,

AS WITH E OF ALL INSTRUCTIONS, THEREFORE THE MONITOR
PROGRAMMER MUST

MAKE SURE THAT Ei=0, IN THE UNLIKELY CASE THAT E HAS
INDIRECTION OR

INDEXIN&,

EXTEND USES PXCT AC BITS:

9(E1)  EFFECTIVE ADDRESS COMPUTATIONS OF E (EXTEND
Or);:
ALSO OF SOURCE POINTER IF BIT 11 IS SET; AND OF
DESTINATION POINTER IF BIT 12 15 SET,

10(b1) EXTEND OP

11(E2) SOURCE BYTE DATA FETCH (AND SOURCE PUINTER
- CALCULATION IF B9 IS SET),

12(323 DESTINATION BYTE DATA STORE (AND DESTINATION
POINTER
CALCULATION IF B9 IS SET),

THE AC'S USEQ BY EXTEND OPERATIONS ARE ALWAYS CURRENT CONTEXT,
AND

BIT 12 OF BYTE PDINTERS USED BY EXTEND 1S INTERPRETED OR
LGNORED

ACCORDING TO THE CURRENT SECTION,
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6,6 XCT

PXCT [XCT) IS NOT APPLICABLE, HOWEVER XCT [PXCT E] WILL WORK
THE I ' '
SAME AS PXCT E,

647 XMOVEIL
NO SPECIAL ACTION IS TAKEN, ONLY BIT 9 (E1) AFFECTS THE

INSTRUCTION,
SEE CHAPTER 2,2, EXTENDED ADDRESSING,

6,8 XBLT

ABLT USES THE SAME BITS AS EXTEND (KRATHER THAN BLT) AND HAS
THE SAME SOURCE, DESTINATION RELATIONSHIP, AS WITH ALL EXTEND
OPCODES, THE DATA FETCH OF THE EXTENDED OPCODE 1S CONTROLLED BY
BIT 16(D1), BECAUSE BIT 9 (E1) AFFECTS THE EFFECTIVE ADDRESS
COMPUTATION IN THE SAME WAY FQR ALL INSTRUCTIONS, IT SHOULD BE
0, ' ’

10(D1) DESTINATION WORD STORES
12(D2) SOQURCE WORD FETCHES
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7, PROGRAMMING EXAMPLES

THE FOLLOWING EXAMPLES SHOW AN MUUO CALLING SEQUENCE USING

ARGUMENT

LISTS, THIS IS NOT NECESSARILY THE WhY THE MONITOR WILL BE

CALLED,

HOWEVER, SUCH A CALLING SEQUENCE IS SUFFICIENTLY GENERAL TO
ILLUSTRATE ALL THE USES OF PXCT BY THE MONITOR,

ASSUME AN ARGUMENT LIST CONSISTING OF POINTERS TO ARGUMENTS,
1F

THE USER PROGRAM DOES AN MUUQ FROM SECTION 0, THESE POINTERS
CAN BE!

1, A NUMBER LESS THAN 20 SPECIFYING AN ARGUMENT IN AN AC

(PREVIOUS CONTEXT AC),
2, .Aﬁ 18 BIT'ADDRE&S (IN. BECTION 0),
3, 18 BIT ADDRESS + INQEX FIELD AND/OR INDIRECTION

(INDEXING
- IGNURES LEFT HALF OF INDEX REGISTER),

16

1F THE USER PROGRM DOES AN MUUDU FROM A NON=ZERO SECTION, THESE

POINTERS
CAN BE3

1, A NUMBER LESS THAN 20 SPECIFYING AN ARGUMENT IN AN AC:

(PREVIOUS CONTEXT AC),

2, AN 18 BIT ADDRESS (IN CALLING SECTION), IE., AN
- INSTRUCTION
FORMAT INDIRECT WORD (IFIW).

3, AN 18 BIT ADDRESS (IN CALLING SECTION) + INDEX AND/OR
: INDIRECTION, IE,, AN INSTRUCTION FORMAT INDIRECT WORD

(IFIW)
(INDEXING MAY USE LH OF INDEX REGISTER AS. A GLOBAL
SECTION NUMBER IN CALLING ADDRESS SPACE),

4, A 30=BIT ADDRESS ANYWHERE IN THE ADDRESS SPACE OF THE

CALLER, IE., AN EXTENDED FORMAT INDIRECT WORD
(EFIW), AN EFIW MAY HAVE INDIRECTION AND/OR INDEXING,
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EXAMPLE = IN SECTION 0%

MOVEL 16, (EXP 3 $ARG IN AN AC
EXP 100 $ARG IN LOC 100
EXP 1000(5) ;ARG IN LOC 1000 + CA(5)
EXP @2000]) ;ARG IN LOC: C(2000)

MUuQ

" EXAMPLE = IN NON=ZERO SECTION;

XMOVEL 16, ([EXP 3 ARG IN AC
EXP 1B0+100 ARG IN LOC: 100
EXP 1B0+1000(5) ;ARG IN LOC 1000 + C(5)
EXP 1BO+82000 ARG IN LOC: CC(2000) '
12000 MAY CDNTAI& EFIW OR
3 IFIw
XWD 30,3000] ;ARG IN LOC 3000 OF
§ SECTION 30
MUyQ

THE FOLLOWING MONITOUR CODE WILL WORK IN A NON=ZERO SECTION, NO
MATTER WHETHER THE CALLER IS IN SECTION 0 OR NOT: (AFTER THE
PREVIOUS AC BLOCK REGISTER (PAC) CONTAINS THE AC. BLOCK NUMBER
OF THE CALLER'S ACS),

7,1 TO FETCH THE ARGUMENT POINTER (CALLER!'S AC: 16)1
PXCT 14, [MOVE T1,16] ;PXCT 4, 1S EQUIVALENT

7,2 TO SETUP THE ADDRESS OF THE FIRST ARGUMENT POINTER (80 TO
STEP THROUGH ARGUMENTS IN A LOOP, SAY):

PXCT 14, LXMOVEL T1,@16)

NOTE THAT THIS IS ALWAYS A 30~BIT ADDRESS IN THE PREVIOUS
CONTEXT WHETHER THE CALLER CALLED FROM SECTION O DR NOT, NOUTE:
MOVET COULD NOT BE USED TO GET THE SECTION NUMBER, SINCE ALL
IMMEDIATE MODE INSTRUCTIONS (EXCEPT XMOVEL) USE ONLY 18 BITS,
EVEN UNDER EXTENDED ADDRESSING,
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743 TO FETCH THE NTH ARGUMENT:

PXCT 14, [MOVE T1,@N(16))

7.4 TO FETCH THE ADDRESS OF THE NTH ARGUMENT
PXCT 14, ([XMOVEI T1,€N(16))

NOTE THAT THIS IS ALWAYS A 30=BIT ADDRESS IN THE pﬁ&vxmus
CONTEXT WHETHER THE CALLER CALLED FROM SECTION ¢ OR NOT,

745 TO ITERATE THROUGH AN ARRAY:

NOTE THE USE QF 04, INSTEAD OF 14 IN PXCT TO COMPUTE EFFECTIVE
ADDRESS IN EXEC MODE AND ONLY GET DATA FROM PREVIOUS CONTEXT,

PXCT 14, (XMOVEL T1,€1(16)) ;FETCH ARRAY ADDRESS

MOVEL T2.N #SET INTERATION COUNT
;s TON
MOVEIX T3,0 ;SET SUM TO 0
LOooP: PXCT 04, [ADD T3,(T1)] $ADD NEXT ENTRY
ADD] T1,1 , F INCREMENT 30=BIT

} ADDRESS,; PXCT CROSSES

} SECT BOUNDARIES ONLY

; CALLED FROM SECT » Oy
S0JG T2,L00P fLOOP UNTIL DONE
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APPENDIX « EXPLANATION OF DESIGN DECISIONS

THIS APPENDIX CONTAINS EXPLANATIONS OF DESIGN DECISIONS WHICH
ARE FLAGGED IN THE TEXT WITH FOOTNOTE NUMBERS IN BRACKETS,
THUS NEW READER'S OF THE SPEC WILL NOT HAVE TO ASK, "WHY DIDN'T
YOU DO,,,2" ALSO THEY CAN SEE IF THEY AGREE WITH OUR REASUNING,
FINALLY IT FORCES US TO JUSTIFY OUR DECISIONS WITH GOOD
REASONS,

i1, WHY NOT HAVE PXCT WORK IN USER MQDE?

PRO¢ 1T COULD BE USED TO MAKE A FAST CALLING STANDARD USING
' 2 AC BLOCKS, SEE: CAL PROPOSAL BY T, HASTINGS,

CONg CALLING STANDARD SHOULD BE SIMILAR ON KA, KI, AND KL,
WE ARE STILL TRYING TO DEFINE THE STANDARD, PXCT IS
NOT UNDERSTOOD WELL ENOUGH TO ‘PUT IT IN USER=MODE YET,.

SPEC$  PXCT WORKS ONLY IN EXEC MODE,

2, WHY NOT KEEP PCS IN NEW FLAGS AND PC DOUBLE WORD SINCE IT
15 A PART OF THE PROCESS CONTEXT?

PRO3 LOGICALLY IT SHOULD GO THERE, SINCE - THE PREVIOUS
CONTEXT SECTION NUMBER IS A PART OF THE PROCESS
CONTEXT, IT WOULD SAVE THE MONITOR HAVING TO DO A
DATAQ ON EACH CALL,

Cong THE OPCODE AND AC FIELD STORED ON AN MUUO WQULD HAVE TO
BE MOVED INTOQ ANOTHER WORD, ALSO PCS 1S ONLY USED IN
EXEC MODE, THEREFORE IT IS NOT REALLY A FULL PRQCES&
STATE VARIABLE,

SPEC? MONITOR MUST DO A DATAO TO SET ?CS ON EACH MBHITDR CALL
AND CONTEXT SWITCH,

LOOSE ENDS
1, IS IT PROPER THAT PXCT NOT WORK IN USER=IOT MODE?

2, HOW DOES NEW CODE CALL MONITOR FROM NONeZERO SECTION
WITH OLD (18=BIT) JSYSS?

3, HOW CAN THE MONITOR (RUNNING IN A NON=ZERD SECTILON)
SETUP. A POINTER TO USER SECTION 0? 0 IN THE LH OF A
MONITOR INDEX REGISTER MEANS LOCAL, NOT SECTION o0,
EXAMPLE 7,5 FAIL$.

4, WHERE SHOULD PCS GET INVOLVED IN BYTE OPERATIONS IF
Ein? . : ‘ '
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(END OF PXCT,SPC]
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ABSTRACT
BIT ASSIGNMENTS AND FUNCTIONAL DEFINITIONS ARE GIVEN FOR
INTERNAL IO DEVICES APR, PI, AND PAG, THE INTERNAL DEVICE

TIM/MIR AND THE SBUS DIAGNOSTIC INSTRUCTION ARE COVERED IN
OTHER CHAPTERS,

BEVI&SQ%~HLSTGRY
REV DESCRIPTION CHG NQ ORIG DATE APPD BY DATE



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAPTER 2,6 PAGE 2
KL10 INTERNAL DEVICES (APR, Pl, PAG) |

0, CONTENTS
1, SUMMARY
2, TERMINOLOGY
3, GOALS
4, NON=GUALS
5, DEVICE APR
6, DEVICE PI
7, DEVICE PAG
8, APPENDIX A = LOOSE ENDS
9, INDEX |

‘1, SUMMARY

THE INTERNAL "DEVICES" APR, PI, AND PAG PROVIDE MEANS FOR THE
MONITOR TO TEST AND CONTROL VARIOUS ASPECTS OF THE MACHINE'S
BEHAVIOR, AS NEEDED TQO PERFORM TIMESHARING, 1IN ADDITION, THESE
DEVICES PROVIDE INFORMATION ABOUT HARDWARE FAILURES, SO THE
MONITOR CAN ATTEMPT RECOVERY, AND SO DIAGNOSTICS CAN NARROW
DUWN FAILURES AS AN AID TO FIELD SERVICE,. ' '
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2, TERMINOLOGY
2,1 SBUS

- STORAGE BUS, THE INTERNAL COMMUNICATION PATH BY WHICH THE
MEMORY CONTROL PORTION OF THE CPU CONTROLS AND PASSES DATA TO
AND FROM THE INTERNAL MEMORIES AND THE DMA20 EXTERNAL MEMORY
ADAPTER, | -

242 10 BUS RESET /
A SIGNAL WHICH RESETS ALL 10 DEVICES AND CONTROLLERS,
2.3 POWER FAIL FLAG

A SIGNAL ASSERTED BY THE PROCESSOR POWER SUPPLY IF ANY PHASE OF
THE POWER LINE DROPS BELOW TOLERANCE, LOGIC: POWER WILL REMAIN
IN TOLERANCE FOR AT LEAST 15 MILLISECONDS, '

2,4 CACHE REFILL ALGORITHM

A TABLE LOOKUP MECHANISM BY WHICH THE CACHE CONTROL KEEPS TRACK
OF THE USE HISTORY OF EACH WORD IN THE CACHE, IN ORDER TO
DISCARD THE LEAST RECENTLY USED WORDS AS NEW DATA IS LOADED
INTO THE CACHE, : | '

2,5 MBZ

MBZ 15 AN ABBRIEVATION FOR MUST BE ZERO, IT IS USED IN
INSTRUCTION FORMATS FOR UNUSED BITS AND FIELDS, SOFTWARE MUST
ENSURE THAT THESE BITS AND FIELDS ARE ZERO BECAUSE THEY ARE
RESERVED TO DIGITAL FOR FUTURE USE BY MICRO=CODE OR HARDWARE ON
THE KL10 OR FUTURE MACHINES, o
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3,

4,

GOALS

1,

K110 COMPATIBILITY WHERE IT IS RELEVANT,

2, MINIMUM NUMBER OF INSTRUCTIONS FOR THE FREQUENTLY
accu&ast FUNCTIONS, '

3."Nluxxun NUMBER OF DEVICE CODES USED,

4, ALL INTERNAL DEVICE CODES USED SHOULD BE LESS THAN 34
OCTAL (I1,E,s 034) FOR EASE OF BUILDING THE HARDWARE,

NON=GOALS

1, NO MAINTENANCE FEATURES. INCLUDED 1IN THE ~ INTERNAL
DEVICES: THE PDP~11 WILL PERFORM THAT PORTION OF
MAINTENANCE, ‘ ' :

2, WE RO NOT NEED THE EQUIVALENCE OF DATAQ AND BLKO, OR OF

DATAL AND BLKI, AS IN EARLIER MACHINES BECAUSE INTERNAL
DEVICES DO NOT TRANSFER BLOCKS OF DATA,
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%y DEVICE APR (ADDRESS 000 0OCTAL)
5.1 PROGRAMMABLE PROCESSOR INTERRUPT REGISTER: (CONO, CONI=APR)

CONDITIONS OUT (CONO) AND CONDITIONS IN (CONI) APR HAVE BEEN
REARRANGED FROM WHAT THEY WERE 1IN THE KI}10, THE FOLLOWING
FUNCTIONS HAVE BEEN DELETED, THEY ARE NOT NEEDED IN THE KL10
BECAUSE THE PDP=11 PERFOURMS THEM: THE TIMER, AUTO RESTART, THE
LINE FREQUENCY CLOCK, AND THE SENSE SWITCHES, THE FOLLOWING
FUNCTIONS HAVE BEEN ADDED: FLAGS FOR SBUS ERROR, CACHE SWEEP
BUSY, AND CACHE SWEEP DONE, o -

CGQQ APR 15 AN IMMEDIATE INSTRUCTION, CONI APR RETURNS FLAGS
TO THE WORD AT E, BITS OF E ARE INTERPRETED AS FOLLOWS3

A I o o
+ + + * + + +

T -

R A R RN

R R N N R ¥

PRL LLL L3L bl LY fleee 35

PR LS 130 41E b1 lewem 34

dEL AEE LB BEE 1) dwme= 33

A A F RN R A R

AL ML L LD Llees 32

BRL LR L) 1L Leme= 31

BEL LEE 3L JLL amwem 30

PR OBAL L1 i

PR L ML lew= 29

1L L) B leme= 28

AL B L dewem 27

NN ERRNRY

bLL 41 tle== 26

ALE B J4em= 25

,gig 11l ¢mwew 24

Pl

11l ii4m= 23

11l l4eme 22

;t; tmmemen 21

R Y

Li4e= 20

{4mew 19

tommmm. 1§
0w5 - CONIt 0
6 - SEE CQHI%"$5US\ERRQRVKNA5k$D
7 NXME CONI: NONEXISTENT MEMORY ENABLED
8 MPEE  CONI§ MEMORY PARITY ERROR ENABLED
9

IPFE CONIt 10 PAGE FAIL ENABLED
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10
11

12

13
14=18
19

BITS 20 = 23 OF
SELECTED FLAGS,

- BIT
20

21

22

PFE

CSDE

IBR

CSIP

CONIt MBZ |
CONI: POWER FAIL ENABLED

CONI: MBZ

CONI: CACHE SWEEP DONE ENABLED
CONIZ ©

- CONO$ 10 BUS RESET = A 1 CAUSES 10 BUS

RESET  (EQUIVALENT TO FUNCTION IT

PERFORMED ON KI10)

CONI$ CACHE SWEEP IN PROGRESS = A 1 IF
A CACHE  SWEEP IS 1IN PRUGRESS AS
INITIATED BY ’

CONO DETERMINE A FUNCTION TO BE PERFORMED ON
AS SHOWN BELOW, BITS 20 = 23 OF CONI ARE 0,

SYMBOL DESCRIPTION

ESI

DSI

C8DF

COND3 ENABLE SELECTED INTERRUPTS =
ONES SPECIFY THAT THE SELECTED FLAG(S)
SHALL BE ENABLED FOR INTERRUPT,

CONO: DISABLE SELECTED INTERRUPTS =
ONES SPECIFY THAT THE SELECTED FLAG(S)
SHALL BE DISABLED FOR INTERRUPT,

COND} CLEAR SELECTED DUNE FLAG(S) =
ONES SPECIFY THAT THE SELECTED FLAG(S)

SHALL BE SET,

BITS 24 = 31 OF COND ARE THE FLAGS SELﬁCTEQ. BITS 24 = 31 OF
CUNI INDICATE WHICH FLAGS ARE SET, v

BIT
24
25
26

27
28

SYMBOL DESCRIPTION

SE
NXM

MPE

IPF

CONG QR CONI: SBUS ERROR FLAG,

CONG OR CONI:  NON-EXISTENT  MEMORY
ERROR FLAG, -

CONO: OR CONIs  MEMORY PARITY ERROR
FLAG,

CONO OR CONI3 IO PAGE FAIL FLAG,
CONO: UNDEFINED (STET 0),
CONI: 0
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29 PF. CONO OR CONI: POWER FALL FLAG,
30 CONO: UNDEFINED (MUST BE 0),
CONIS 0
3 csb CONO OR CONI: CACHE SWEEP DONE FLAG,
32 COND: MUST BE 0, |
AL CONI: APR INTERRUPT A 1 IF ANY FLAG IS

ENABLED AND SET, AND 15 THEREFORE
REQUESTING AN INTERRUPT, OTHERWISE,
CONI IS 0, "

33=35 PIA CONO2 PRIOGRITY INTERRUPT - (PL)
ASSIGNK&NT FOR THE DEVICE ApPR

CONI3 RETURN THE ?1 kS$IGNH&NT OF THE
BEVICE APR,

5+2 ADDRESS BREAK (DATAQ APR)

IN THE KI10, DATAD APR SETS THE MARGINS, SINCE KL10 DOES NOT
HAVE MARGINS, THE KL DATAD APR, LOADS THE ADDRESS BREAK
REGISTER, ADDRESS BREAK CAN BE TURNED OFF BY SETTING BREAK
ENABLE BITS 9 11 TO ALL ZEROES OR BY USING AN ADDRESS LESS
THAN 20 OCTAL, THE WORD AT E IS INTERPRETED AS FOLLOWSS

tommpmmmpromnteememmny e mnd
+ + + + + + +

T
AEERLD R By
R S R A SRR NN ¥
ELLLD JEE L LD flee= 17
AL EL L L L Lewes 16
UL UL 0L 0L 1L dmwem 15
EE IR EERR SRR SRR T
N R R R NS AR S RN N LR L)
R S R O i L
L HEE 5L demme 12
S IR NRRE R
R R IRR R EEL LA B
AL L emee 10
LEL L4E L1 dmmee 9
ER N RS ¥ ¥
$L L) Jlee= 8
i L Lemm= 7
AL L] tmmem b
T
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AL L S LR T R RS T

+ o+ o+ o+

+ +

+

o o

CRRERRL BB OB Lo
CdEE LEL BBE LR B Y
PLE 340 800 13 14l Lle=m 35
B OLLE BLL AL 11D l4eew 32
FEE ALL LEL LEE 1L 4mees 33
R A F R AR R R NN
R CRLE LR L Llee= 32
AR B L leee= 3
AL L L LU 4meme 30
PELBLE bLL i
$EE LLE LLL llee~ 29
$11 L LLE e 28
bEE LML 1L dmme= 27
I RSN NE EN
AL L Llewe 26
L L1 fewe= 25
1 1L == 24
e L )
L1l Liemm 23
L e 22
il 4memw 24
il
lemw 20
l4mem 19
tmmme 18
BIT SYMBOL DESCRIPTION
g = 8 MUST BE 0,
9 ABIF DATAO: ADDRESS BREAK ON INSTRUCTION
FETCH = A 1 ENABLES AQQR&&S BREAK ON. AN
INSTRUCTION FETCH,
10 ABDR DATAOSY ADDRESS BREAK ON DATA READ= A 1
ENABLES ADDRESS BREAK ON A DATA READ
REFERENCE,
11 ABDW DPATAO: ADDRESS BREAK IN USER MODE~ A 1

ENABLES ADDRESS BREAK ON A DATA WRITE
REFERENCE, :
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12 ABUM DATAQ: ADDRESS BREAK ON DATA WRITE = A
1 .ENABLES ADDRESS BREAK IN A USER
PROGRAM, A 0 ENABLES ADDRESS BREAK IN
AN EXECUTIVE PROGRAM, o

13=35  ABA DATAOS ADDRESS BREAK ADDRESS = THE
| 23~8IT ADDRESS WHICH MUST MATCH THAT
GENERATED BY THE PROGRAM IN ORDER FOR A
BREAK TO OCCUR, ( A MATCH AND
THEREFORE AN ADDRESS BREAK CAN OCCUR
WHEN A PROGRAM MEMORY REFERENCE HAS THE
'SAME VIRTUAL ADDRESS AS THAT GIVEN BY
BITS 13 = 35,)

ADDRESS BREAK APPEARS TO THE PROGRAM AS A PAGE FAULT (CODE
023), THE ADDRESS BREAK HANDLER CAN RESTART THE PAGE FAULTED
PROGRAM BY SETTING ADDRESS BREAK INHIBIT (BIT 8) 1IN THE PC
WORD, THIS PERMITS THE FAULTING PROGRAM TO CONTINUE PAST THE
INSTRUCTION WHICH (CAUSE THE ADDRESS BREAK, BUT SUBSEQUENT
REFERENCES WHICH MATCH THE ADDRESS BREAK REGISTER Wlhh CAUSED
LATER BREAKS,

5,3 DATA IN (DATAL APR)
THIS FUNCTION IS UNUSED IN THE KL10,
5,4 CACHE REFILL ALGORITHM (BLKO APR)

BLKO APR, IS AN IMMEDIATE MODE INSTRUCTION, THE HALF=WORD E IS
INTERPRETED AS FOLLOWS: ~

*vnm+nﬂwinmm*mnn§nsa¢m-ﬁ§

2R T S S

a(»Q'm*mnn*-‘m..*gmn*q-uqqum.’.

”‘””“”'ﬁ”‘-””“éd”‘-.*””».’
‘whw\i«waﬁ-wwwi—sa—-”‘—whm—ai—”
B s R i W gl B s Y o o B Ghian e B B oo

B Qo o s B o Puim . B s Do Do Paen e ont P G Yo
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114 Lleme 23
11l l4wem 22
11l 4mem= 21
iy
ilimem

: x*nwﬁ 19
twmmw |18
BIT SYMBOL DESCRIPTION
1820 DATA TO BE STORED IN THE REFILL
ALGORITHM RAM IN THE MBOX,
21%26  MUST BE 0,
2733 THE ADDRESS IN THE REFILL ALGORITHM
WHERE BITS’lav*'ZG ARE: TO BE STORED, .
34»35 ; MUST BE 0,

ONE' EXECUTION OF THIS INSTRUCTION CAUSES ONE WORD (3 BITS) OF
THE REFILL ALGORITHM RAM TO BE WRITTEN, IN ORDER TO LOAD THE
ENTIRE RAM, 128 BLKO APR'S MUST BE EXECUTED,

55 PROCE&SBR OPTIONS REGISTER (BLKI APR,)
BLKI APR RETURNS: A WORD AT E WITH THE FOLLOWING  BIT
IDENTIFICATIONS '

aat P T LI IR I L P L R AT LY P
% + + + + +

o o e W

I R S A E R R R AR
SELOLLD BELOBBD 8R4 B0
SULGLL BEL LML MEE dhbme 17
AP ML L) B L bemen 16
F1L 41 4L UL L1 4wees 15
N RN Y SRR N

AR L LY Hle=e 14

P00 BEL BBE BLL fewme 13

R LB LML ML Awmew 12

PR RLLOBEL B8

P LLE LD Libee 11

L 3L L4) fem== 10

IL UL Ll demen 9

bEL BB 1L

P11 4LL Ll4me 8

1L LD lmee T

_z;x 11! twieew §

RN RN

il li4ew 5

;;g l4wme. 4
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w3

E LR U T

i
i
$§wq

lommm |

tmmen ()

#’nnfnni*pqm#ngntnqw+mmu4
+ + + + + L

@uav*muq*mnm*ansﬁwnnﬁ

e e G e e Qe P G Poie G P
e L e N ok

W . B e et W, W ok o W o

-+
|
1

N

L+

t4mme 28

- 26

B et o P o W, G Jw A W o B G, s s Pt o P W Wetn, o o ’

-
B B G W B G B B B Bow R B Boe R R B B B Bem S S Bem S ]
Y

3

F S

n

o

BIT SYMBOL DESCRIPTION
O-8 FLAG BITS

INDICATING  EXISTENCE

9=17 "

18+23

24=35

CERTAIN MICRO-CODE OPTIONS,
VERSION NUMBER OF MICRO~CODE RUNNING,

INDICATES WHAT HARDWARE OPTIONS ARE
PRESENT ON THE MACHINE,

PROCESSOR SERIAL NUMBER N BINARY, .
SERIAL NUMBERS START AT 2000 OCTALe
CORRESPONDING TO SERIAL NUMBER 1024,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAPTER 2,6PAGE 12

KL10 INTERNAL DEVICES (APR, PI, PAG)

6, DEVICE PI (ADDRESS 004 OCTAL)
6,1 PI SYSTEM (CONQ PI)

CONO PI, 1S AN IMMEDIATE MODE INSTRUCTION,
INTERPRETED AS FOLLOWS:

*vﬁw*um«*écm*nhm*-wm*qwn+
+ + + + L ANEEE +

*n-m*9u~¢mqp¢mnn*9wm*qﬂn¢

H

il 4mw= 35
l¥wmw 34
+

mmwe 33

="w.&w”“'p—“"~“
e Pl o e B Bom Pean P e
L g DU T L S A T

”t-l-—”ﬂn“»”.u””“”‘-.—‘m'—’a“k”'—”
E 4.'.,..“.-.aa..a.u*'..-“”»wkg‘wwﬂﬁu'«-w&—'i—

BITS SYMBOL DESCRIPTION

THE HALF WORD E IS

18 WEAP COND: WRITE EVEN ADDRESS PARITY » A 1
' CAUSES  ADDRESS PARITY ON WRITE TO

MEMORY TO  BE

EVEN, THE MEMORY

19

WEDP:

CONSIDERS EVEN ADDRESS PARITY TO BE AN
ERROR, SO THIS FUNCTION 1S PROVIDED TO
TEST THE ERROR HANDLING OF THE SYSTEM
FOR DIAGNOSTICS AND THE TIME SHARING
MONITOR, A 0 CAUSES ADDRESS PARITY T0
BE 0DD, ” : :

COND: WRITE EVEN DATA PARITY = CAUSES
DATA PARITY ON WRITE TO MEMORY TO BE
EVEN, THE MEMORY CONSIDERS EVEN PARITY
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TO BE AN ERROR, 8O0 THIS FUNCTION IS
PROVIDED TO TEST THE ERROR HANDLING OF
THE SYSTEM FOR DIAGNOSTICS AND THE TIME
SHARING MONITOR, A 0 CAUSES DATA
PARITY TO BE EVEN,.

20#21 MUST BE: 0,

22 DISC CONOs DROF INTERRUPTS ON SELECTED
CHANNELS - A 1 DROPS INTERRUPTS
REQUESTED BY THE PROGRAM (ON CHANNELS.
SELECTED BY BITS 29 = 35, :

23 CPS CONO3 CLEAR PI SYSTEM = A 1 CLEARS THE
' Pl SYSTEM (1,E,»  TURNS OFF ALL
CHANNELS, TURNS OFF THE PI SYSTEM,
EXCEPT LEVEL 0 AND DROPS ALL PROGRAM
REQUESTS), SEE CHAPTER 4,3, PDP=10/11
INTERFACE (DTE20) FOR A DESCRIPTION OF:

PI 0,

24 RISC'  CONO: REQUEST INTERRUPTS ON SELECTED
| CHANNELS = A 1 REQUEST AN INTERRUPT ON
CHANNELS SELECTED BY BITS 29 = 35,

25 TNSC CONO:  TURN ON SELECTED CHANNELS = A 1
- TURNS ON CHANNELS SELECTED BY BITS 29 =

35,
26 TFSC CONO3 TURN OFF SELECTED CHANNELS = A 1
TURNS OFF CHANNELS SELECTED BY BITS 29

- 35, »

27 TFPS. CONO: TURN OFF PI SYSTEM = A 1 TURNS
‘ OFF THE ENTIRE PI SYSTEM (EXCEPT LEVEL

9)1
28 TNPS CONQ: TURN ON PI SYSTEM = A 1 TURNS ON

THE ENTIRE Pl SYSTEM,

29w35 CONO: ONES SPECIFY THAT CHANNELS 1 =
7, RESPECTIVELY, ARE SELECTED,

THE  EFFECT OF SPECIFYING CONFLICTING CONDITIONS 18
INDETERMINATE,  DEC RESERVES THE RIGHT TU CHANGE THE EFFECT OF
CONFLICTING SPECIFICATIONS IN THIS AND FUTURE MACHINES,
PROGRAMS MUST AVOID USING THEM, CONFLICTING REQUESTS ARE}
DISC=RISC=1, INSC=TFS8C®1, TFPS=TNPS®1,

6.2 P1 SYSTEM (CONI PI)

CONI PI RETURNS A WORD TO E WITH THE FOLLOWING BIT
CONFIGURATION;
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mwewm- 25
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NYE
1lew= 20
;+-ﬂmu: 19
tewnw. 18
BIT SYMBOL DESCRIPTION
0=10 | CONIZ 0
11=17 PRC CONI: PROGRAM REQUESTS (ON CHANNELS

CONTAIN 1'S. FOR EACH CHANNEL (I,E,,
EACH Pl LEVEL) ON WHICH THERE EXISTS A
PROGRAMMED REQUEST, BIT 11 CORRESPONDS
TO P1 LEVEL 1 AND BIT 17 CORRESPONDS. TO

PI LEVEL 7,
18 WEAP CONI: REFLECTS THE CURRENT STATE OF
THE WRITE EVEN ADDRESS PARITY FLAG,.
19  WEDP CONI? REFLECTS THE CURRENT STATE OF
THE WRITE EVEN DATA PARITY FLAG,
20 MUST BE 0,
2127  IPC: CONI: INTERRUPTS IN  PROGRESS ON

CHANNEL = CORRESPOND TO THE PI LEVELS
CURRENTLY IN PROGRESS, BIT 21
CORRESPUNDS TO Pl LEVEL { AND BIT 27
CORRESPONDS TO PI LEVEL 7,

28 PA CONI? PI ACTIVE « A 1 IF THE PI SYSTEM
: IS CURRENTLY TURNED ON, A O IF IT IS
TURNED OFF, '

29=35 CO CONI: CHANNELS ON = CORRESPOND TO THE
PI CHANNELS WHICH ARE CURRENTLY TURNED
ON, BIT 29 CORRESPONDS TO P1 CHANNEL 1
AND BIT 35 CORRESPONDS TO PI CHANNEL 7,
PI CHANNEL 0 IS ALWAYS TURNED ON
WHETHER THE PI SYSTEM 1S ON OR OFF, NO
MATTER WHAT REQUESTS. ARE MADE FOR
TURNING SPECIFIC CHANNELS ON OR OFF,
SEE  CHAPTER 4,3 PDP=10/11 INTERFACE
(DTE20) FOR A DESCRIPTION OF PI 0,

6,3 DATA OUT, DATA IN (DATAO, DATAI PI,)

THESE FUNCTIONS ARE UNUSED N THE KL10,

6+4 MEMORY ADDRESS ERROR REGISTER (BLKO PI,)

BLKO PI RETURNS AT E' THE CONTENTS OF THE ERROR ADDRESS (ERA)

REGISTER IN THE MBOX, THE ERA REGISTER IS LOADED BY THE MBOX
WHEN CERTAIN ERRORS OCCUR ON THE SBUS OR IN THE MBOX, BITS 14
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* 35 OF THIS REGISTER CONTAIN THE PHYSICAL ADDRESS AT WHICH THE
FIRST SUCH ERROR QCCURED,

645 SBUS DIAGNOSTIC CYCLE (BLKI PI,)

BLKI PI I5 THE SBUS DIAGNOSTIC INSTRUCTION, IT TAKES A WORD
FROM E AS AN SBUS DIAGNOSTIC INPUT WORD AND RETURNS A WORD TO E
+ 1 AS THE SBUS DIAGNOSTIC OUTPUT WORD (SEE GHA?T&R 3,7, SBUS
DIAGNOSTIC CYCLE, FOR COMPLETE DETAILS).
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7, DEVICE PAG (ADDRESS 010 OCTAL)

7,1 EXECUTIVE BASE REGISTER (CONO, CONI PAG,)

CONO PAG, IS AN IMMEDIATE INSTRUCTION,
HARDWARE PAGE TABLE,
DATA THAT WAS WRITTEN BY CONO PAG,
FOLLOWS3

BIT

T W AW

LA B R R T T

*vqn*m»m¢wnq*uqq+q§q*qa.*

R RN R SRR R R DR R

S R RN NN SR R B ]

LR L300 4 LE) L= 17
AL LAY S0 L L) femes 16
AL 3L LD LI MEL deemes 15
BLE BELOLEY L e

AL BEE LEE LMY Sl 14
HED I L L Lemen 13
PI1L0L §L) 1AL dewme 12

T TR RREY

P11 4L A1) Liees 11

B1L LD LLL feme= 10

11 L4L J1L 4meme 9

AT TRREE!

1L MY llew= 8

AL L faeee T

g&g 11l +emmn §

FIVIREY

{1 1l4m= 5

;1} lémew 4.

;13 mmmm. 3

1

Jlewe 2

ltwn= §

tmmww ()

bt 2L S S LR S TR LY TR LS
LA SRS S S S T

AL L ES S L ST L ER T TN T Y

BEEOLIE DL OMED opb by

DL OMELOREL LD BBL oY

BEL 138 30E 11L HLL Qlewe 35
BELBLL LEE Q3L L1 lbees 34
F08 138 L0E 18D L1} bewem 33
RS OLLL MY bl i

LEL AR ELL LEL Blees 32
AL BLL BEE 1L Lemee 31
AL UL L L 4eeee 30

EE IR RNy

BEEOLEL LD Lttew 29

IT ALWAYS CLEARS THE
CONI PAG RETURNS AT E PRECISELY THE SAME

INTERPRETATION IS AS
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3.{:3 :+'~”"28/
L 1E] dmeme 27
I EERE

L Jl+m= 26

i == 25

1 +wmme 24

!

A e A o W g R B Pow W B B

W e R Wpowi, ot P M o, P s, Wi ok
Woon B o B G Gan Bun B Yo B o B
&
1
]
N
L]

itmem 19

BIT SYMBOL DESCRIPTION

BITS 18 AND 19 DEFINE THE CACHE STRATEGY TO BE USED BY
THE PROCESSOR, USUALLY THE OPERATING SYSTEM EITHER SET
OR CLEAR THESE BITS = AT SYSTEM STARTUP AND LEAVES THEM
ALONE IN ORDER TO USE THE CACHE OR NOT, TURNING OFF
BITS 18 AND/OR 19 WITHOUT PERFORMING A CACHE SWEEP MAY
HAVE INDETERMINATE RESULTS, THESE BITS ARE INTENDED
PRIMARILY FOR DIAGNOSTIC PURPOSES AND FOR RUNNING THE
MACHINE WITH OR WITHOUT THE CACHE, THEY ARE NOT
INTENDED TO BE CHANGED DURING ORDINARY OPERATION,

18 CSK COND 2 CACHE STRATEGY LOOK = A 1
: PERMITS A CACHE MATCH WHICH INDICATES.
IT 1S POSSIBLE FOR THE PROCESSUR TO

FIﬁD A WORD IN THE CACHE,

19 csb CONO 2 CACHE STRATEGY LOAD = A 1
CONTROLS CACHE LOADING WHICH SPECIFIES
IT 15 POSSIBLE FOR THE PROCESSOR TO
INSERT A WORD (OR WORDS) IN THE CACHE,

20 MUST BE 0,
21 KP CONO: KI PAGING = A 1 SPECIFIES KI
PAGING, "

A 0 SPECIFIES THAT THE PAGING PROCESS:
IS DETERMINED BY THE MICRO=CODE,

22 TE COND$ TRAP ENABLE = A 1 TURNS QN TRAPS
AND. PAGING, WHEN 0, NO TRAPS ARE
PERMITTED  AND ALL ADDRESSES ARE
‘PHYSICAL, o

23+35  EBR CONO: EXECUTIVE BASE REGISTER = SET
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THE  EXECUTIVE BASE REGISTER
(HIGHER»ORDER 13 BITS OF PHYSICAL
ADDRESS OF EXECUTIVE PROCESS TABLE),

7.2 USER BASE REGISTER (DATAO, DATAI PAG,)

DATAO PAG, SETS UP THE PAGING HARDWARE ACCORDING TO THE
CONTENTS OF E, DATALI PAG READS THE STATUS OF THE PAGING
HARDWARE INTO E, THE BIT CONFIGURATION IS AS FOLLOWS:

A T o

+ + + + +* + +

o O o A o -

M e Bran W B W i e B P A B B e o
W W e G s G s e e e P fan Do g A

4 -—“”'-—u-vow”‘.“M”Mhl—”t-wocwiuﬂ—rw*.
e e e e R B o e B o G i B A W P o g e e s G L
+wabw‘ww‘“hﬂw%“0—40¢-«‘--h‘—*‘-tt-—.m"

B e i e e G B e B B W e e e Baes B o v B

§ A e e B e B B Bl B B B o B B B B o B

+w9u+nwn+maanﬁm*m#n*qu*

+ + + 4 + + o+
bA AL 22 LT TR T AN Y T,

R AN R N R S S RS RN
IR IR R R TR R E RN ¥
PELLLL 1L i) 4L Lieee 35
LU0 1B 1) LD lemes 34
1P 300 LEE QL L) demes 33
X R EE R SR | ,
S8 LML LML Hleme 32

A3 B HEE L] feees 3
$LL3HL BB L) eeeee 30

X RN EEE R R R
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1L LI MLl lewe 29
S0 44 FEL lemem 28
L4 L4 118 bemee 27
BEL b bt
b4 41 Lie== 26
VUL LLL Jemm= 25
L ML deees 24
bioty
1) tieww 23
111 l4mws 22
A1 Aewen 21
EEN! ‘
{lemm 20
L hwmn. 19
tmwme {8
BIT SYMBOL DESCRIPTION
0 LAB DATAO: LOAD AC BLUOCKS = ENABLES
LOADING CURRENT AND PREVIOUS AC BLOCKS
(BITS 6 = 11),
DATAI: 1 = A 1 IS READ SO THAT THE
MONITOR CAN SAVE THE USER STATUS IN THE
UPT ON A MUUQ AND RESTORE IN ON RETURN
WITH A SINGLE DATAO AND DATAD,
1 LPCcC DATAD: LOAD PREVIOUS CONTEXT AND CSWX
‘ = ENABLES LOADING THE PREVIOUS CONTEXT
SECTION AND CWSX (CALLED WITH SPECIAL
'EXECUTE) FLAG,
DATAI; 1
2 LUBR DATAU;  LOAD USER BASE REGISTER =~
ENABLES LOADING THE USER BASE RﬁQISTLR
AND CLEARING THE PROCESS TABLE,
DATAL:
3=5 MUST BE 0,
ON DATAD, BITS 6 =11} ARﬁ ONLY LOADED WHEN BIT 0 (LAB)
Is A 1,
6=8 CAB DATAO AND DATAI: CURRENT AC BLOCK =

THE "CURRENT" AC' BLOCK TgQ BE USED BY
ALL  AC: REFERENCES, INDEX REGISTER
REFERENCES, AND EFFECTIVE  ADDRESS
REFERENCES LESS THAN 20 BY THE CURRENT
PROGRAM, EXCEPT  UNDER CERTALN:
CONDITIONS OF PREVIOUS CONTEXT EXECUTE
(PXCT), SEE  CHAPTER 2,3, MONITOR
CALLING (MUUO AND PXCT), . '
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9=11  PAB DATAO AND DATAI: PREVIOUS AC BLOCK =
SPECIFY THE "PREVIOUS" AC BLOCK NUMBER
TO BE USED UNDER THOSE CONDITIONS OF
PREVIOUS CONTEXT (PXCT),

ON DATAG, BITS 12 = 17 ARE ONLY LOADED IF BIT 1 (LPCC)
OF THE WORD IS A 1, '

12 CWsx DATAQO AND DATAI3 CALLED WITH SPECIAL
EXECUTE - CONTAILNS CWSX FLAG,
SPECIFIES THAT PREVIOUS. CONTEXT
REFERENCES SHALL USE SECTION EXECUTE
ADDRESSING,

13»17 PCS DATAO AND  DATAI: PREVIOUS CONTEXT
' SECTION e« SPECIFY THE SECTION IN WHICH
PREVIOUS CONTEXT REFERENCES SHALL: BE

COMPUTED,

18 ISAM DATAQ: INHIBIT STORING ACCOUNTING
‘ - METER = A 1 IN BIT 18 INHIBITS STORING
THE ACCOUNTING METERS 1IN THE USER
PROCESS TABLE, THIS I$8 USEFUL AT
SYSTEM STARTUP WHEN THERE IS NO- OLD
USER PROCESS TABLE, IF BIT 18 IS A 0,
THE ACCOUNTING METERS WILL BE STORED IN
THE USER PRUCESS TABLE BEFORE MODIFYING
THE USER BASE REGISTER (UBR), UPON
MODIFICATION OF THE UBR, NEW VALUES FOR
THE ACCOUNTING METERS WILL BE LOADED
FROM THE NEW USER PROCESS TARBLE,

DATAIL: O,
1922 MUST BE 0's,
ON DATAO, BITS 23 = 35 ARE LOADED ONLY IF BIT 2 (LUBR)
Is A 1,
23=35  UBR DATAO AND DATAIS USER BASE REGISTER =
| USER BASE REGISTER (THE 13=BIT PHYSICAL
PAGE

NUMBER IN WHICH THE ?RQCESSQR WILL
FIND THE USER PROCESS. TABLE),

7,3 HARDWARE PAGE TABLE INVALIDATE (BLKO PAG,)
BLKD PAG, IS AN IMMEDIATE INSTRUCTION, THE HALF-WORD E IS
INTERPRETED AS FOLLOWS: ' -

bl A P L A L SR T AT S T S L T
LA S S S . S

bbb L A2 S L S TR S SR YL Y
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R R R R YR SN SR R}
O R A AR R
AL LD BLE LEE EL) fle== 35
cedl MLE LEL BN ML Lemew 34
sl LI B L) 4mmen 33
I R RN R R B R R
SEL LML L8 11D fleme 32
PLL M1 L LD leme= 3
s L L) AL tmme= 30
IR SR B
PA L1E 11E Ll+e= 29
10 008 11 lemes 28
1L 8L L dwmee 27
N S R Y
111 1L fleme 26
101 11 lemm= 25
111 41 4emew 24
I RSN E¥)
4L Hlee= 23
1D 4mes 22
111 yemme 21
bl
tlem== 20
Temmm 19
@n&nm.la
BIT SYMBOL DESCRIPTION ,
18 upl BLKO3 USER PAGE INVALIDATE = A |
SPECIFIES A USER PAGE, A 0 SPECIFIES
AN EXECUTIVE PAGE, '
19=21 MUST BE 0,
22=35 VPN VIRTUAL PAGE NUMBER = SPECIFY VIRTUAL:

PAGE NUMBER WHOSE ENTRY IN THE PAGE
TABLE SHALL BE INVALIDATED, -

7+4 CACHE SWEEP (BLKI PAG,)

BLKI PAG IS AN IMMEDIATE INSTRUCTION, THE HALF=WORD E IS

INTERPRETED AS FOLLOWS3

*wnuymm§+w;n+m-m*-ny+mun*

+ + + ¥ + +

+

brmnimempmoanimanteantennd

BLELEEOLED DAL OgL 31
BELOLML BDL QML oBLL LMY
PELOELL BLE LLL LB Ml4me 35
BIL LEL BEL LLL 11D bemew 34
BEL LEL LI JLL f1L +meme 33
TN I I TINEY

BEL LML BEL ML fleme 32
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W o o Poar Gus Pl P P
LR L L R L S

Eaudh o R L iR L T T MY
-

£ T 8
*
3
3

4 -- -

W e B P e B B e e B B

e e W G s g W e G P, Wi G
Wow G B P B o B P i o e P

-+
4
L
™
w

fteem 22

19

20

21=22
23=35

11l L4ewe 31
{1 4wme= 390
B!
§l4m=. 29
{4o== 28
twmma 27
- 26
- 25
- 24
$YHBGb.“DE$CRIPTIQN
sSop BLKI3 SWEEP QNE PAGE = A { SPELCIFIES
THAT ONLY ONE PAGE WILL BE SWEPT AS
SPECIFIED BY BITS 23 = 35, A Q
SPECIFIES T&AT THE ENTIRE CACHE WILL BE
SWEPT,
ve BLKI: VALIDATE CORE = A | SPECIFIES
THAT CORE SHALL BE VALIDATED (I.,E,, ANY
WORD IN THE CACHE WITH lTﬁ WRITTEN BlT
ON SHALL BE WRITTEN BACK TO MEMORY), A
0 SPECIFIES THAT NO WORDS WILL BE
WRITTEN BACK TO MEMORY,
IC. BLKI: INVALIDATE CACHE = A 1 SPECIFIES
THAT THE CACHE SHALL BE INVALIDATED .
(I,E4¢ THE VALID BIT IN THE CACHE SHALL
BE TURNED OFF SO THAT THIS WORD WILL
NOT BE USED BY THE ?RQ¢KSSQR FOR: ANY
MEMORY REFERENCE), A 0 SPECIFIES THAT
THE VALID BITS WILL NOT BE CHANGED,
MUBT BE 0,.
PPN BLKI: PHYSICAL PAGE NUMBER = SPECIFY

THE PHYSICAL PAGE NUMBER TO BE USED IN

THE SWEEP DNE-PAGE CASES, FOR CASES
WHERE ALL PAGES ARE TO BE SWEPT (BIT 18
= 0), BITS 23=35 ARE IGNORED,
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8,

APPENDIX A = LOOSE ENDS
A, APPROVAL FOR PARAGRAPH 7,4 (CACHE SWEEP)
B, CONO/I APR: CACHE DIRECTORY PARITY ERROR FLAG?

Cs, POWER FAIL WARNING TIME3 15MS?

dDg BIT ASSIGNMENTS FOR PROCESSOR OPTIONS IN BLKI APR,
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9, INDEX

[END OF CH2506,5PC)
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STATUS: THIS CHAPTER REFLECTS THE HARDWARE AS OF INITIAL
LAYOUT AND PLANNED MICRO-CODE, SOME CHANGES HAVE OCCURRED
SINCE APRIL 30 REVIEW IN ORDER TO FIT THE LOGIC ON A SINGLE
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ABSTRACT

THE KL10 HAS A NUMBER OF BUILT»IN CLOCKS, EACH PROVIDING
DIFFERENT TIMING AND COUNTING FUNCTIONS, THESE FUNCTIONS ARE
(1) AN INTERVAL TIMER AS. A PROGRAMMABLE SOURCE OF INTERRUPTS
FROM 10 MICROSECUNDS TO 40,96 MILLISECONDS; (2) A ONE
MICRO=SECOND TIME BASEs (3) TWO ACCOUNTING METERS:. ONE FOR
RECORDING  "EBOX BUSY TIME"™ AND ONE FOR COUNTING "MBOX
REFERENCES"; AND (4) A PERFORMANCE ANALYSIS COUNTER, THE
CLOCKS ARE IMPLEMENTED USING THE TWO INTERNAL DEVICE CODES, TIM
AND MTR, ALONG WITH PAG, THE CLOCKS CAN BE READ IN EXEC MODE
ONLY, MONITOR CALLS PROVIDE USER ACCESS, THE FRONT END IS
EXPECTED TO PROVIDE A LONG=TERM POWER LINE FREQUENCY TIME BASE,
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1, SUMMARY

THE BUILT=IN KL10 CLOCKS PROVIDE A NUMBER OF TIMING AND
CUUNTING FUNCTIONS, THEY ARE;

1, INTERVAL TIMER
2, TIME BASE

3. ACCOUNTING METERS (EBOX BUSY TIME AND MBOX REFERENCES)
4, PERFORMANCE ANALYSIS COUNTER |

ALL OF THE OPERATIONS ON THESE CLOCKS ARE DONE BY MEANS OF 1/0
INSTRUCTIONS TO THE INTERNAL DEVICES, TIM, MTR AND PAG, WHICH
HAVE INTERNAL DEVICE CODES 020, 024, AND 010 RESPECTIVELY,
- MANY OF THESE FUNCTIONS USE A MICROSECOND SOURCE OF PULSES
WHICH 18 DOWN COUNTED FROM THE BASIC MACHINE CLOCK WHICH HAS
LESS THAN FIVE SECONDS DRIFT OVER 24 HOURS, NOTE$ IT HAS BEEN
AGREED THAT IF THE BASIC MACHINE CLOCK RATE MUST BE SLOWED
DOWN, IT WILL BE DONE TO A SMALLER WHOLE INTEGER MHZ SO IT CAN
BE DIVIDED DOWN TO MICRU=SECONDS, I.E, 31 MHZ, 30 MHZ, ETC,
IT WILL NOT BE SLOWED DOWN TO A FEACTIQN OF A MHZ,

THE INTERVAL TIMER CONSISTS OF A 12-BIT LOADABLE PERIOD
REGISTER AND A 12=BIT READABLE INTERVAL COUNTER, THE INTERVAL
TIMER CAUSES A VECTOR INTERRUPT WHEN THE INTERVAL COUNTER
MATCHES THE PERIOD REGISTER, THE OTHER FOUR "CLOCKS" DIFFER
FROM THE INTERVAL TIMER BUT ARE SIMILAR TO EACH OTHER, EACH OF

THESE "CLOCKS" CONSISTS OF A 59+BIT UNSIGNED DOUBLE PRECISION
INTEGER WITH THE BINARY POINT BETWEEN BITS 23 AND 24 OF THE
SECOND WORD, THE CLOCKS ARE READABLE BY SPECIAL INSTRUCTIONS
ON INTERNAL DEVICES TIM OR MTR, THUS THE SOFTWARE CAN ADD A
DOUBLE PRECISION BASE WITH ONE DOUBLE PRECISION INTEGER ADD
(DADD), IN ORDER TO SAVE HARDWARE, ONLY THE LOW ORDER 16 BITS
OF THE 59=BIT QUANTITIES ARE IMPLEMENTED IN HARDWARE, THE REST
OF THE INTEGER PART IS STORED IN MEMORY IN DOUBLE WQRDS IN THE
EPT AND UPT, THE LOW ORDER 12 BITS ARE ALWAYS ZERO AND ARE
RESERVED FOR A A FUTURE MACHINE WHICH MAY WANT TO COUNT AT A
HIGHER  RATE THAN THE KLlo, THESE 16~B1T REGISTERS ARE
CLEARABLE BUT CANNOT BE DIRECTLY LOADED, UNLIKE THE INTERVAL
TIMER, THESE "CLOCKS" NEVER GENERATE SOFTWARE INTERRUPTS,
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2, TERMINOLOGY

2,1 PROGRAM INTERRUPT

AN INTERRUPT OF THE SEQUENCE OF CPU INSTRUCTIONS (AS OPPOSED TO
MICRO-CODE INSTRUCTIONS) IN RESPONSE TO AN EXTERNAL EVENT,
USUALLY AN 10 DEVICE, PROGRAM INTERRUPTS ARE DISTINGUISHED
FROM IOP FUNCTIONS IN THAT THE PROGRAM 15 UNAWARE OF THE
OCCURRENCE OF THE LATTER, o

2,2 PI 1=7 INTERRUPT REQUEST

A SIGNAL THAT AN EXTERNAL DEVICE REQUIRES SERVICE, THE ACTION
TAKEN BY THE EBOX MAY BE EITHER AN IO0P FUNCTION OR A PROGRAM
INTERRUPT, THE SOFTWARE CAN ENABLE AND DISABLE THESE SIGNALS,

2,3 P1 0 INTERRUPT REQUEST

A HIGH PRIORITY SIGNAL THAT AN EXTERNAL DEVICE (DTE20) REQUIRES
SERVICE (HIGHER THAN PI 1=7), THE ACTION TAKEN BY THE EBOX CAN
ONLY BE AN IOP DATAI, DATAO, QR BYTE TRANSFER, ’ '

2,4 METER UPDATE REQUEST

A HIGH PRIORITY SIGNAL THAT AN INTERNAL DEVICE (MTR, TIM)
REQUIRES SERVICE (HIGHER THAN PI 0w7), THE ACTION TAKEN BY THE
EBOX IS TO DETERMINE WHICH COUNTER HAS OVERFLOWED, READ AND
CLEAR IT, AND ADD ITS CONTENTS TO THE APPROPRIATE EPT UR UPT
DOUBLE WORD, | |

2,5 MBZ

MBZ IS AN ABBREVIATION FOR MUST BE ZERO,. IT 18 USED 1IN
INSTRUCTION FORMATS FOR UNUSED FIELDS, THESE FIELDS MUST BE
ZERO BECAUSE THEY ARE RESERVED TO DIGITAL FOR FUTURE USE BY

MICRO«CODE OR HARDWARE ON THE KL10 OR FUTURE MACHINES,
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2,6 EBDX BUSY TIME

WHILE THE EBOX IS WORKING, THE ACCOUNTING METER INCREMENTS AT
HALF THE SYSTEM CLOCK RATE, HOWEVER, IF THE EBOX CLOCK IS
SUSPENDED, TO WAIT FOR COMPLETION OF A MEMORY REFERENCE (EITHER
CACHE OR CORE MEMORY), THE ACCOUNTING METER STOPS RECORDING
EBOX BUSY TIME, IN ADDITION, NQ BUSY TIME IS RECORDED DURING
PAGE REFILLS, OR PI CYCLES., THUS, EBOX BUSY TIME IS AN
ACCOUNTING MEASURE OF THE USEFUL WORK A USER OBTAINED FROM THE
EBOX I,E,s ALL USER MODE AND MONITOR CALL TIME, THE MONITOR
MAY CHOOSE TO INCLUDE OR EXCLUDE (1) EXEC MODE PROGRAM
INTERRUPT TIME AND/OR (2) EXEC MODE TIME WITH NO INTERRUPTS IN
PROGRESS, | |

2,7 MBOX REFERENCE COUNT

EACH REFERENCE BY THE EBOX TO THE MBOX FOR A MEMORY WORD (CACHE
HIT OR MISS) IS A SEPARATE MBOX REFERENCE., = AC: REFERENCES DO
NOT GO THROUGH THE MBOX AND SO DO NOT CONTRIBUTE TO THE MBOX
REFERENCE COUNT, THE MBOX MAY REFERENCE CORE MEMORY 1, 2, 3,
OR 4 WORDS AT A TIME IN RESPONSE TO A SINGLE EBOX REQUEST, THE
MBOX REFERENCE COUNT IS ONLY COUNTED ONCE FOR EACH EBOX
REQUEST, WRITE BACKS OR CHANNEL REFERENCES ARE NOT PART OF THE
MBOX REFERENCE COUNT EITHER, THUS THE MBOX REFERENCE COUNT 18§
A REPEATABLE MEASURE OF THE USEFUL WORK DONE BY THE MBOX FOR
THE CURRENT PROGRAM, |

2,8 CHANNEL BUSY

A CHANNEL 1S BUSY IF IT IS ACTUALLY TRANSFERRING DATA OR
WAITING FOR LATENCY, IT IS NOT BUSY IF ALL THE ATTACHED UNITS
ARE IDLE OR JUST SEEKING, CHANNEL BUSY IS MEASURED WHEN THE
CHANNEL REGISTER 1S FULL, '
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3,

GOALS

1,

2,

;3'

4Q‘

7,

8,

9,

PROVIDE: THE MONITOR WITH A PROGRAMMABLE PERIODIC: SOURCE
OF  INTERRUPTS. FOR REAL TIME SCHEDULING AND PAGE
MANAGEMENT,

PROVIDE THE MONITOR WITH A 1 MICROSECOND RESOLUTION

TIME BASE WITH DRIFT OF LESS THAN 5 SECONDS IN 24
HOURS, THUS CORRECTION USING POWER LINE FREQUENCY
CLOCK IN FRONT END PDPw1{ IS NEEDED ONLY AT MIDNIGHT,

PROVIDE THE MONITOR WITH A REPRODUCIBLE MEASURE OF A
USER PROGRAM EXECUTION, THIS MEASURE MUST CLOSELY
REFLECT AVERAGE RESQURCES USED BUT BE INDEPENDENT OF
CACHE MISSES, MONITOR INTERRUPTS, HARDWARE PAGE TABLE
RELOADS, MONITOR CALLS (IF DESIRED), PAGING  (IF
DESIRED) AND SYSTEM LOAD, IT SHOULD NOT BE POSSIBLE
FOR A MALICIOUS USER TO ESCAPE CHARGES, A 1% VARIATION
IS5 TOLERABLE OVER THE MAXIMUM RANGE OF SYSTEM LOADS,

THE ACCOUNTING MEASURE MUST BE EASILY COMPARABLE TO
OTHER SYSTEMS (KI AND- COMPETITION) FOR. PURPOSES. OF
BENCHMARKS AND COMPARISONS, ’

PRQVIQE'FQR'PERFGRMANCE ANALYSIS MEASURES FQR PURPODSES
OF IDENTIFYING HARDWARE AND SOFTWARE BOTTLENECKS NOT
EASILY OBTAINED STRICTLY WITH SOFTWARE,  SPECIFICALLY
CACHE PERFORMANCE, 1/0 OVERLAP, AND INTERRUPT TIME
SHOULD BE MEASURABLE, SUCH PROVISIONS WILL HELP THE
CUSTOMER MAKE THE BEST UPGRADE. DECISIGNS A5 HIS LOAD
INCREASES,

USE A MINIMUM OF DEVICE CODEs (ONLY TWwQ), USE ONLY
INTERNAL DEVICE CODES AS UPPOSED TOQ USBER DEVICE CUDES:
SO 1/0 OPCODE SPACE CAN BE RECLAIMED IN A FUTURE
MACHINE, ”

TO HELP DIAGNOSING TO THE BOARD LEVEL, THE KL10 CLOCKS:
BOARD AND PI BOARD WILL BE KEPT SEPARATE, EVEN AT THE
COST OF EXTRA DIPS AND EBUS LOUADING, HOWEVER THE
SEPARATION OBJECTIVE WILL BE SACRIFICED IF NECESSARY IN
ORDER TO FIT THE KL10 ChﬂCKS AND PI SYSTEM ON TWO
BOARDS TOTAL, ‘

PLAN FOR FUTURE MACHINES WHERE CLOCK RATES MAY BE
FASTER,
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4, NON=GOALS

|

2,

3,

4,

8,

9,

10,

11,

12,

THE MICRO~CODE. WILL NOT BE ABLE T0 AFFECT THE USER
ACCOUNTING METERS EXCEPT TO TURN THEM ON AND OFF, THUS
FUTURE VERSIONS OF THE MICRO-CODE OR FUTURE MACHINES
WILL  GENERALLY  GENERATE DIFFERENT CHARGES  FOR
INSTRUCTIONS, | “

LONG TERM POWER LINE CLOCK IS NOT PRQVIDED, THE: FRONT
END WILL PROVIDE, ’

DO NOT PRQVIDE-PKRFGRMANCE ANALYS15: INFORMATION WHICH

CAN BE GATHERED EASILY BY PURELY SOFTWARE TECHNIQUES,

WE DISCUSSED AN INTERMEDIATE  4=BIT  REGISTER TO
ACCUMULATE ACCOUNTING COUNTS IN ORDER TG PREVENT DOUBLE
ACCUUNTING OF INTERRUPTED INSTRUCTIONS,. WE HAVE SINCE
DECIDED NOT TO HAVE THE 4<BIT REGISTER SINCE WE
ESTIMATE THAT THE NUMBER OF INTERRUPTS WILL BE LESS
THAN 5000 PER BSECOND, THUS INTERRUPTS WILL CAUSE
VARIATIONS, BUT WE THINK IT WILL BE WITHIN 1% GOAL,

ONLY 1 SET OF KL10 CLOCKS CAN BE PROVIDED PER ceu,

THE KL10 CLOCKS ARE REQUIRED AND CANNOT BE OPTIONALLY
LEFT OUT OF EACH CPU ON 1080, 2040, OR 2020, HENCE THE
OPTION DESIGNATION DK20 IS NOT USED,

THE CLOCK DIVIDER FROM 32 MHZ (OR WHATEVER THE FINAL
CLOCK RATE 1I8) TO 1 MHZ WILL NOT BE PROGRAMMABLE, THUS
IF MACHINE IS SLOWED DOWN AT A PARTICULAR INSTALLATION,
ALL QF THE CLOCKS ARE SLOWED DOWN TOO,

MAINTENANCE OF TIME BASE OVER POWER FAILURE BY USE OF
BACKUP POWER SUPPLY WILL NOT BE PROUVIDED, ALSO THE
TIME BASE MAY STOP IF KL10 HALTS OR EBOX CLOCK sTOPS,

THE KL10 CLOCKS WILL NOT PROVIDE THE SYNCHRONIZATION
BETWEEN THE CPUS IN A MULTI*PROCESSING SYSTEM, INSTEAD
EACH CPU SHOULD BE ABLE TO RECEIVE ITS BASIC MACHINE
FREQUENCY FROM A MASTER CPU (UNDER PROGRAM CONTROL),

PROBE INPUT FROM TTL PART OF MACHINE WILL NOT BE
PROVIDED, SINCE IT WOULD REQUIRE SYNCHRONIZERS WHICH
WOULD BE TOO MANY DIPS INCLUDING TTL POWER,. '

PERFORMANCE ANALYSIS OF MULTIPLE EVENTIS WILL NOT BE
VERY ACCURATE, BECAUSE THE TRIGGER CIRCUIT I5 PUT ON
THE BOOLEAN EXPRESSION OUTPUT INSTEAD OF EACH OF THE 22
INPHTS THIS WOULD HAVE COST 11 blps,

A USER INSTRUCTION WILL NOT BE PROVIDED TO READ ~ANY

CLOCKS DIRECTLY,
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5¢ PROGRAMMING COMMON TO ALL $ CLOCKS

MOST OF THE TRADITIONAL CONTROL FLAGS. ARE CONCENTRATED IN THE
MTR REGISTER FOR ALL OF THE ‘5 CLOCKS,

5,1 SET KL10 CLOCK ENABLES

COND MTR, E

A T W -
+ 4 + * + + +

AL ES LA ST IR LI P LY Y Y %

A S S R F E R E RN Y

A S A S E Y

B LML OBME B 1L Lle== 35 PIA PRIORITY INTERRUPT ASﬁIGNMENT
BLL PLE BEY Bl Ll Lewme 34

R B3 1ML 1L 1Ll 4eeew 33 "

I S F AN RS IS ¥

100 500 1LL +et44427m32 MBZ

P43 L) 4L

344 L) Ll+== 26 CTB CLEAR TIME BASE (HARDWARE ONLY)
141 811 4w 25 TTBN TURN TIME BASE ON

113 1L 4mems 24 TTBF TURN TIME BASE OFF

IS EES Y

11 Llews 23 TAMN TURN ACCOUNTING METERS ON

i1 lem=w» 22 EENPA ENABLE EXEC+=MODE NO P11 ACCOUNTING
f!i +wemw 21 EEPA ENABLE EXEC=MODE PI ACCQQ&?I&G

11! '

ii4em 20 MBZ

{4mmm 19 MBZ
tewwn. 18 LAMB LOAD ACCOUNTING METER BITS (21*23)
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5,2 READ KL10 CLOCK ENABLES
CONI MTR, E (LH) = 0
CONI MTR, E (RH)

o e A
+ + * + * +- +
A o I
2T
bed
Li4me 35 PIA PRIQRITY INTERRUPT ASSIGNMENT
L4omm 34
tmmew 33 "

a.-g-'_g_.‘”
L TR N g
W R o G G P
W . o o P -
B L T T TR T e

!
)
i1
: 4
23
!
+

+et4tttmm 26932 0
== 25 TBO TIME BASE ON

- g, e o oo P B
- e G i s e G Bt e P
W e o P ok . o i W
‘ et DO SR e

t+== 23 AMO ACCOUNTING NET&RS ON
~4dmem 22 ENPAE EXEC~MODE NO PI ACCOUNTING ENABLED
tw=w= 21 EPAE EXEC=MODE PI ACCOUNTING ENABLED

o 2
»

pmm 18220 .0
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~ 343 DETAILED DESCRIPTION OF CONO/CONTI MIR,

BIT
0=17
18

1920
21

22

23

SYMBOL

LAMB

EEPA

EPAE

EENPA

ENPAE

TAMN

AMD

DESCRIPTION
CONIs 0

CONO:  LOAD ACCOUNTING METER BITS 21=23 = 1
MEANS CHANGE THE STATE OF THE ACCOUNTING METER
ENABLES TO THAT SPECIFIED BY CONO BITS. 21=23,
A 0 MEANS DO NOT CHANGE THE STATE OF THE
ACCOUNTING METER ENABLES,

CONIs: 0
CONOG3 MBZ3; CONI: 0

CONU:  ENABLE EXEC=MODE PI ACCOUNTING = IF
LAMB=1, A 1 MEANS ENABLE ACCOUNTING WHEN ANY PI
15 IN PROGRESS IN EXEC MODE (IN ADDITION TO
ACCOUNTING IN USER MODE WHETHER A PI IS IN
PROGRESS OR NOT),

CONT3: EXEC=MODE PI ACCOUNTING ENABLED = A 1
MEANS ACCOUNTING IS ENABLED WHEN ANY PI IS IN
PROGRESS: IN EXEC MODE (IN ADDITION TO USER MODE
WHETHER A P]l IS IN PROGRESS OR NOT), HOWEVER
THE ACCOUNTING METERS MUST ALSO BE TURNED ON
(AMO=1) IN  ORDER TO COUNT, A 0 MEANS
ACCOUNTING IS DISABLED WHEN ANY PI IS 1IN
PROGRESS IN EXEC MODE, ‘

COND:  ENABLE EXEC~MODE NO PI ACCOUNTING, IF
LAMB. = 1, A 1 MEANS ENABLE ACCOUNTING WHEN NO
PI IS IN PROGRESS AND CPU IS IN EXEC MODE,

CONI: EXEC=MODE NGO PI ACCOUNTING ENABLE, A1l
MEANS ACCOUNTING IS ENABLED IN EXEC=MODE WHEN
THERE ARE NO PIS IN PROGRESS,.

COND:  TURN ACCOUNTING METERS ON = A 1 MEANS
TURN ON THE ACCOUNTING METERS, THE ACCOUNTING
METERS WILL COUNT (1) WHEN THE CPU IS IN USER
MODE WHETHER PIS ARE 1IN PROGRESS OR NOT AND
(2), IF ENPAE=1, WHEN THE CPU IS IN EXEC MODE
WITH NO PIS IN PROGRESS AND (3) IF EPAE=1, WHEN
IN EXEC MODE WITH PIs IN PROGRESS, A 0 MEANS
TURN OFF THE ACCOUNTING METER NO MATTER THE
MODE OF THE CPU,

CONI$ ACCOUNTING METERS ON = A 1 MEANS THE
ACCOUNTING METERS ARE ON, THE ACCOUNTING METER
WILL NOT COUNT UNLESS IT IS TURNED ON, A 0
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24

25

26

27+32
33135

TTBF

TTBN

TBO

CTB

PIA

PIA

MEANS THE ACCOUNTING METER IS OFF,

COND$ TURN TIME BASE OFF = A | MEANS TURN.
TIME BASE OFF, IF TTBF AND TIBN ARE 0, DON'T
AFFECT THE STATE OF THE TIME BASE NOTE: TFIB
AND TNTB MAY NOT BOTH BE 1, '

CONI: o

COND:  TURN TIME BASE ON = A 1 MEANS. TURN TIME
BASE ON, IF TTBF AND TTTBN ARE 0, DON'T AFFECT
THE STATE OF THE TIME BASE, NOTEs  TTBF AND
TTBN MAY NOT BOTH BE 1,

CONIS  TIME BASE ON = A | MEANS THE TIME BASE
1S ON, A O MEANS THE TIME BASE IS OFF,

COND1 CLEAR TIME BASE = A 1 MEANS CLEAR TIME

BASE, ONLY THE HARDWARE REGISTER IS CLEARED,
THE SOFTWARE MUST ALSO CLEAR THE CORE LOCATIONS

IN THE EPT, THIS MUST BE DONE WHEN THE TIME
BASE IS TURNED OFF TO BE RACE FREE, THIS
SHOULD NOT BE A PROBLEM SINCE THE TIME BASE
WILL BE CLKARKD.AT‘$¥&TKM,STARTQF ONLY,

CONIs 0

CONU3 MBZ; CONI: 0

CONO2 PRIORITY  INTERRUPT  ASSIGNMENT FOR
PROGRAM INTERRUPTS FOR THE INTERVAL TIMER, A 0

MEANS THAT NO INTERRUPT ASSIGNMENT HAS BEEN
GIVEN, SO THAT NO PROGRAM INTERRUPTS ARE

GENERATED, HOWEVER ALL TURNED ON CLOCKS WILL

CONTINUE TO IMQH&E&MT'EVEﬁ.IFfP;A%O.

CONI: PRIORITY INTERRQPT ASSIGNMENT = READS
THE PRIORITY INTERRUPT ASSIGNMENT SET BY THE
LAST CONO MTR,
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6, INTERVAL TIMER

6,1 INTERVAL TIMER SUMMARY

THE INTERVAL TIMER PROVIDES A PROGRAMMABLE SOURCE OF INTERRUPTS.
FROM. 10 MICROSECONDS TO 40,96 MILLISECONDS AND IS SIMILAR TO
THE DK10, IT 18 USED FOR REAL TIME APPLICATIONS AND FOR PAGE
MANAGEMENT BY THE OPERATING SYSTEM, IT IS DESIGNED SO THAT A
REAL TIME DEADLINE SCHEDULER WITH VARYING DEADLINES CAN BE
IMPLEMENTED, THE NEW DEADLINE I8 SET WITH RESPECT TO THE TIME
-OF THE PREVIOUS INTERRUPT REQUEST AND IS INDEPENDENT OF HOW
LONG THE INTERRUPT ROUTINE TAKES TO RESET THE PERIOD REGLSTER,
THE INTERVAL TIMER IS TURNED ON BY CONO TIM, ITO (INTERVAL
TIMER ON), RESET - AND CONO TIM, WITH ITO=0, TURN OFF THE
INTERVAL TIMER SO THAT 1T NQ LONGER INCREMENTS (OR INTERRUPTS),
PRUGRAM INTERRUPTS MAY BE DISABLED WHILE THE CLOCK CONTINUES TO
COUNT BY LOADING 0 IN BITS 33»35 OF CONO MTR,, IT IS THE ONLY
KL10 CLOCK FUNCTION WHICH GENERATES PROGRAM INTERRUPTS, A CONO
TIM, E LUADS BIT 24~35 OF E INTO THE 12=BIT PERIOD REGISTER, A
12-BIT INTERVAL COUNTER IS INCREMENTED EVERY MICROSECOND, WHEN
THE INTERVAL COUNTER COMPARES EQUAL TO THE PERIOD REGLSTER, THE
INTERVAL TIMER RESETS THE INTERVAL COUNTER TO 0, SETS INTERVAL
TIMER DONE (ITD), AND REQUESTS A VECTOR INTERRUPT TO EPT
LOCATION EPTITV (EXEC PROCESS TABLE = INTERVAL TIMER VECTOR &
514), SEE CHAPTER 2,9, EXEC AND USER PROCESS TABLE (EPT, UPT),
THE SOFTWARE: MUST CLEAR INTERVAL TIMER DONE, BY A COND TINM,
C1TD, THE SOFTWARE MAY OPTIONALLY CLEAR THE INTERVAL COUNTER
WHEN THE PERIOD REGISTER 1S LOADED BY THE CONO TIM, E IF THE
ClC (CLEAR INTERVAL COUNTER) BIT IS SET, A CON1 TIM, E READS
THE 12«~BIT INTERVAL COUNTER AT ANY TIME WITH BITS ¢=5 ZERO FOR
EASY COMPARING, FOR DIAGNOSTIC PURPOSES, THE RH OF CONI MIR, E
READS THE {2=BIT PERIOD REGISTER,

TO HELP THE SOFTWARE DETECT THE PROGRAMMING ERROR OF LOADING
THE PERIOD REGISTER WITH A NUMBER WHICH 1S LESS THAN OR EQUAL
TO THE CURRENT VALUE OF THE INTERVAL COUNTER, AN INTERVAL
COUNTER OVERFLOW (ICO) INTERRUPT IS PROVIDED WHEN A CARRY
OCCURS. OUT OF THE MOST SIGNIFICANT BIT, CLEARING THE INTERVAL
TIMER DONE FLAG (CONO TIM, CITD) CLEARS BOTH BITS,



1 1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,7 PAGE 13
COMPANY CONFIDENTIAL = KL10 PROGRAM CLOCKS (TIM, MTR) = REV 3

6,2 SET INTERVAL TIMER PERIOD REGISTER
COND TIM,E

18 35

L e N T L L L YR Ty

+ + + + + + +

A S A il LTI 2 LIS LYY

IR R P AN TR F S RN SN

SRy 3&2 ISR PR

L B4 +4+ 444 444 ++4== 24235 LOAD PERIOD REGISTER (12)
i 2:3

P} jlem= 23 MBZ

111 l4==e 22 CITD = CLEAR INTERVAL TIMER DONE

{1l +wmm=n 21 TT0 ™ INTERVAL TIMER ON

i1

Llem= 20 MBZ

it=»= 19 MBZ
+mmew 18 CIC CLEAR INTERVAL GGUMTER

6,3 READ. INTERVAL TIMER
CONI  TIM,E (LH)

1
0 56 7

o

10 OlINTERVAL COUNTER (12) }

A o W O
CONI TIM,E (RH)

12222 3
80134 5
o T
! 0! IPERIOD REGISTER (12)}
*,gn‘pmu*mnpvpgmnnmqnunqvﬁﬂmn*
il
tit
$i+4=»-23 JCO INTERVAN COUNTER OVERFLOW
tt==e 22 ITD INTERVAL TIMER DONE
t==we 21 ITO INTERVAL TIMER ON
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7, FUNCTIONS COMMON TO THE FOQUR 59=BIT CLOCKS

THE FOUR 59=BIT CLOCKS, (TIME BASE, EBOX BUSY, MBOX REFERENCE
AND PERFORMANCE ANALYSIS) ALL HAVE THE FOLLOWING FUNCTIONAL
DESCRIPTION IN COMMON, EACH OF THE CLOCKS IS READABLE BY A
SPECIAL DOUBLE PRECISION INSTRUCTION, THE BINARY POINT OF THE
UNSIGNED DOUBLE PRECISION INTEGER IS BETWEEN BITS 59 AND 60
1,E,, BITS 23 AND 24 OF THE SECOND WORD, THE FORMAT 1S THE
SAME AS THAT FOR DOUBLE-PRECISION INTEGERS, I,E,, SIGN BIT,
(0) PLUS 70 BITS, WITH BIT 0 OF SECUND WORD ALWAYS BEING 0,
THUS A FUTURE MACHINE CAN COUNT AT A FASTER RATE AND PROVIDE A
COMPATIBLE CLOCK FORMAT, |

IN ORDER TO SAVE HARDWARE, ONLY THE LOW ORDER 16 BITS OF EACH
CLOCK ARE MAINTAINED 1IN HARDWARE, EACH HAS A CORRESPONDING
DOUBLE WORD IN A PROCESS TABLE, WHICH CAN BE REGARDED: A8 THE
VALUE OF THE FULL CLOCK AT THE MOST RECENT TIME THE HARDWARE
COUNTER HAD 0, THE TIME BASE AND PERFORMANCE ANALYSIS COUNTER
ARE PER=SYSTEM QUANTITIES AND SO ARE STORED IN THE EPT, WHILE
THE EBOX BUSY AND MBOX REFERENCE ARE PERePROCESS QUANTITIES AND
SO ARE STORED IN THE UPT, THE INSTRUCTIONS TO READ EACH CLOCK
READ THE 16BIT HARDWARE COUNTER, ADD THE DOUBLEWORD FROM A
PROCESS TABLE, AND: RETURN THE SUM AT E AND E+l, AS A DOUBLE
PRECISION INTEGER WITH THE BINARY POINT BETWEEN BITS 23 AND 24

OF THE SECOND WORD, - ' ' ,

0 35 01 23 24 35
*mwunpnunnmmm0q4f*»+nnqunnnwswnuuqmauwan-qﬂnqﬂﬁﬁmmqmmwﬁ+
UPT/EPT (36) 1ol UPT/EPT+1 10 (12) 0

- *n+nmpmqm-wwmmnmnanﬂm»anVApum+»naa9m¢*
Eia X St 2L Pl R e L T

ADD TO ABOVE ‘HARDWARE CTR (16)

LA LI I L PP LR Y L

YIELDS:

0 35 01 | 23 24 35
A b R A LS L L E SR L LTI LY S UL YR T T Y
E (36) 104 , E+1 (23) - 10 (12) 0

- .y Qn*wnnnu«nummunmpnmuﬂg#mw-ﬁnnnwfmmpunmm*

WHEN THE 16«BIT REGISTER IS "HALF FULL" (IE, THE HIGH=ORDER BIT
1S 1), IT PUSTS A REQUEST FOR SERVICE BY THE MICROCODE, AT ITS
NEXT OPPORTUNITY, THE MICRO«CODE READS AND  CLEARS  THAT
REGISTER, ADDING ITS CONTENTS TO THE APPROPRIATE DOUBLE WORD IN
THE PROCESS TABLE, THUS NO PI LEVEL IS ASSIGNED TO THE
INCREMENT FUNCTION, THE APPROPRIATE CLOCK MEMORY WORD 18
ALWAYS UPDATED (IF THE CLOCK IS TURNED ON) NO MATTER WHAT THE
STATE OR LEVEL OF THE PI SYSTEM, THUS THE SOFTWARE NEVER HAS
TO WORRY ABOUT THE RACE CONDITION WHEN READING A 60=BIT CLOCK,
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8, TIME BASE

8,1 TIME BASE SUMMARY

THE TIME BASE PROVIDES A 59~BIT MICROSECOND SOURCE OF ELAPSED
TIME, A RDTIME E READS THE 59=BIT RELATIVE TIME OF DAY INTO E
AND E+1, THE HIGH ORDER 36 BITS ARE KEPT IN WORD EPTTB (EXEC
PROCESS. TABLE ~ TIME BASE & 510) OF THE EPT, THE LOW ORDER 23
BITS ARE KEPT IN BITS 1=23 OF WORD EPTTB+1 OF THE EPT, ‘THE
TIME BASE 18 TURNED ON BY A CONO MTR, TTBN, THE TIME BASE IS
TUR&ED OFF BY RESET AND BY CONOD: MTR, TTBF, - o

8,2 READ TIME BASE
RDTIME E
READS 59«BIT TIME BASE IN MICRO SECONDS INTD E AND E+1 A5 A

DOUBLE PRECISION UNSIGNED INTEGER WITH BINARY POINT BETWEEN
BI1TS 23 AND 24 OF THE ShCGND WORD,

0 35 01 | 2324 35
*Pﬂ“ﬂ#'p'mﬂﬁug’ *m*pnumumnnngnmwnnﬂnqu«Qanwnmn*pgawumn*
EPTTB (36) 10} EPTTB+1 (23) 10 (12) ©
ﬁum.pwmqnu’npﬂnQ *ﬂ+nwﬂﬂﬂ'Qﬂ'wﬂ”ﬂ-ﬂﬂw“ﬂﬂﬂﬂﬂﬂﬂﬂﬂ*.f”wﬂﬂﬂ-ﬂ*

o

ADD TO ABOVE TIME BASE CTR (16)

' o " -

YIELDS: |

0 35 01 23 24 35
o ———— b L AL A L L LA Sl S L L LT PRI LS LY TR YL EE Y e
E(36) 101 E+1(23) 10 €(12) ¢

o, *n*-n&uannwnw-nnwmwnnnnnnq*-'-noﬁmumamvn+
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9. ACCOUNTING METERS.

9.1 ACCOUNTING METERS SUMMARY

-THE ACCOUNTING METERS PROVIDE AN ACCURATE: AND REPRODUCIBLE
MEASURE OF THE AMOUNT OF PROCESSOR RESOURCE USED INDEPENDENT OF
- THE VARIATION CAUSED BY THE CACHE,

THE EBOX BUSY COUNTER COUNTS ALTERNATE SYSTEM CLOCK TICKS FOR
WHICH THE EBOX IS BUSY, WHEN THE BUSY COUNTER 1S HALF FULL, A
REQUEST 1S MADE TO ADD ITS CONTENTS TO A DOUBLE WORD IN MEMORY
AND CLEAR THE COUNTER, INSTEAD OF COUNTING EVERY CLOCK TICK,
ONLY EVERY OTHER ONE IS COUNTED BECAUSE OF THE DIFFICULTY OF
COUNTING AT 32 MHZ, A RDEACT E READS THE 59=BIT QUANTITY INTO
E: AND E+1, . . o ‘

THE MEMORY REFERENCE (CYCLE) COUNTER KEEPS A 59«=BIT COUNT OF
THE NUMBER OF LOGICAL MEMORY REFERENCES MADE BY THE EBOX,
WHETHER A CACHE HIT OR A MISS, ONLY REQUESTS MADE BY THE EBOX
BY THE CURRENTLY RUNNING PROGRAM ARE COUNTED, THE ACCOUNTING
METERS DO NOT COUNT DURING PI CYCLES (DTE DEX REQUESTS = DTEZ20
EXAMINE, DEPOSIT REQUESTS; DTE20 BYTE TRANSFERS, INTERRUPTS
WHICH EXECUTE A SINGLE INSTRUCTION), CHANNEL MEMORY REFERENCES
ARE NOT COUNTED, AC REFERENCES ARE NEVER COUNTED, WRITE=BACKS
AND MULTIPLE WORD FETCHES ARE NOT COUNTED SINCE THEY ARE
INITIATED BY THE MBOX RATHER THAN THE EBOX, A RDMACT E READS
THE 59=BIT QUANTITY INTO E AND E+1, THE ACCOUNTING METERS ARE
TURNED ON FOR THE SYSTEM BY A CONU MTR, LAMB+TAMN, RESET AND
Cﬂﬁﬂ MTR, LAMB+AMO WITH AMO=0 TURN THE ACCOUNTING CLOCKS OFF,

IN ORDER TO GIVE MEANINGFUL CHARGES, USERS WILL BE GIVEN A PAIR
OF NUMBERS: EBOX CYCLES (E) AND MBOX CYCLES (M), 1IN ORDER TO
REPORT SECONDS OF CPU TIME USED, THE SOFTWARE IS EXPECTED TO
~USE THE TWO NUMBERS, E AND M, IN THE FOLLOWING FORMULA?

SECONDS KL10 TIME = X#E + A*M

WHERE A IS THE AVERAGE FRACTION OF A SECOND REQUIRED TU MAKE A
SINGLE LOGICAL MEMORY REFERENCE AND X IS TWICE THE PERIOD OF
THE SYSTEM CLQCK,

X % 1/16 000 000
A s 1/ 2 500 000 (APPROX)

"A" WILL BE DETERMINED EMPIRICALLY WHEN THE MACHINE IS RUNNING
USING THE PERFORMANCE ANALYSIS COUNTER ON THE DEVELOUPMENT
MACHINE,
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WHEN THE ACCOUNTING METERS ARE TURNED ON, THEY ARE ALWAYS
ENABLED TO COUNT WHEN THE CPU IS IN USER MODE EVEN IF P1S ARE
IN PROGRESS, THE OPERATING SYSTEM CAN ENABLE: THE ACCOUNTING
METERS. TO COUNT WHEN THE CPU HAS PI LEVELS IN PROGRESS AND/OR
TO ACCOUNT IN EXEC MODE WITH NO PI'S IN PROGRESS,

NOTE THAT PI O AND PI CYCLES (E,G,, THE INSTRUCTION AT 40+2N)
ARE NOT INCLUDED,

h§~FhR AS THE ACCOUNTING METERS ARE CONCERNED, THE CPU IS IN
- ONE OF THE FOLLOWING 3 STATES (X,Y,2):

PI1 IN PROGRESS EXEC MODE USER MODE
17 Y X
NONE. 2 X

THE ACCOUNTING METERS COUNT THE STATES MARKED X WHENEVER THEY
ARE TURNED ON, THE SOFTWARE CAN SELECTIVELY ENABLE FOR Y
AND/OR Z BY A CONO MTR, DATAQ PAG, (LUBR] (BIT 2 3 1) LOADS THE
USER BASE REGISTER, AND UPDATES THE ACCOUNTING CLOCKS: IN THE
OLD UPT, CLEARING THE. HARDWARE COUNTERS, THUS THE CONTEXT
SWITCH 1S PERFORMED WITH ONE INSTRUCTION, WHEN THE SYSTEM IS
FIRST STARTED UP, THE SOFTWARE MUST SET INHIBIT STORING
ACCOUNTING METER (DATAO PAG, ISAM)(BIT 18 = 1) ON THE FIRST
DATAQ PAG WHICH LOADS THE UBR, SO THAT EXEC: LOCATIONS UPTEBM,
UPTEBM+1, UPTMRM, UPTMRM+1 (504~507) DO NOT GET WRITTEN INTO,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,7  PAGE 18
COMPANY CONFIDENTIAL = KL10 PROGRAM CLOCKS (TIM, MTR) = REV 3

9,2 ENABLING THE ACCOUNTING METERS
SEE SECTION 5 WHERE CONO MTR, IS DESCRIBED,
9,3 SET (AND SAVE) ACCOUNTING METERS

THE 16~BIT REGISTER PARTS OF BOTH OF THE ACCOUNTING METERS ARE
SAVED FOR THE QLD USER IN HIS UPT AND CLEARED FOR THE NEW USER
AS PART OF THE CONTEXT SWITCH INSTRUCTION, DATACU PAG, E,  THE
OLD CONTENTS OF THE 16=BIT REGISTERS ARE SAVED BY ADDING THEM
TO THE APPROPRIATE DOUBLE WORD IN THE UPT AND STORING THE
RESULT BACK, THE EBOX CLOCK TICK METER IS SAVED IN UPTEBM
(USER PROCESS TABLE = EBOX BUSY METER = 504) AND UPTEBM+1{, THE
MBOX REFERENCE METER IS SAVED IN UPTMRM (USER PROCESS TABLE =
MBOX REFERENCE METER = 506) AND UPTMRM#1,

DATAD  PAG,E
(SEE CHAPTER 2,6, INTERNAL DEVICES (APR, PI, PAG) FOR REST OF
SPECIFICATION FOR DATAO PAG,,) ‘
3 17 18 19 22 23 35

01 2 ;
oy + - £ 3 L1 o - -
. A B MBZ USER BASE REGISTER
-y * Smm-y * bmm—my T
* z
4
i +== ISAM INHIBIT STORING ACCOUNTING METERS
!
!
+== LUBR LOAD USER BASE REGISTER

CLEAR HARDWARE PAGING MEMORY \
IF B18=0, UPDATE OLD USER ACCOUNTING METERS
IN OLD UPT, CLEAR HARDWARE COUNTERS,

LOAD UBR TO SELECT NEW UPT,

9,4 DETAILED DESCRIPTION OF ACCOUNTING METERS (DATAQ PAG,E)

BIT SYMBOL DESCRIPTION
0= SEE CHAPTER 2,6, INTERNAL DEVICES,
2 LUBR  DATAO: LOAD USER BASE REGISTER = IF 1

PERFORMS A COMPLETE CONTEXT SWITCH OF
THE FGLLOWIKG'QUANTIT;E§§

1, STORE OLD USER  ACCOUNTING
METERS IN OLD UPT LOCATIONS
UPTEBM,  UPTEBM+1, UPTMRM,
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3=17
18 1SAM

19«35

UPTMRM+1 (UNLESS INHIBITED BY
1SAM) v

2, LOAD  USER  BASE  REGISTER
(ADDRESS OF UPT)

'3, CLEAR HARDWARE PAGE TABLE

4, CLEAR  HARDWARE  ACCOUNTING
METERS. FOR NEW USER,

IF 0, NONE OF THE ABOVE CONTEXT SWITCH
FUNCTIONS ARE PERFORMED,

SEE CHAPTER 2,6, INTERNAL DEVICES
DATAO:  INHIBIT STORING  ACCOUNTING

METERS. = IF 1, DO NOT STORE THE

ACCOUNTING METERS IN THE OLD UPT, THIS

FUNCTION I8 PROVIDED MAINLY FOR SYSTEM
STARTING BEFORE THERE 1§ AN OLD UPT,

SEE CHAPTER 2,6, INTERVAL DEVICES
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9,5 READ EBOX ACCOUNT
RDEACT E
READ 59~BIT EBOX BUSY METER INTO E AND E+1 AS A DOUBLE

PRECISIUN UNSIGNED INTEGER WIT& BINARY POINT BETWEEN BITS 23
- AND 24 OF THE SECOND WORD, :

0 35 01 23 24 35
AL Z LA TP T TTS *m*Qﬂnﬂdwnnnm-”-nwﬁmsOnﬁgnﬁw*ﬂﬂ*ﬂ'nﬂ%?ﬂ*
UPTEBM (36) 10} UPTEBM+1 ‘ 0 12) o

*mwuommnnqmnqmq+.*u+unqmdam-mnpmnng»qquqnquwum+ﬁnmmmﬂ,*

AT O e
ADD TO ABOVE - EBUX pUSY CTR (16)

Lt L2 LT T2 L L 222 2 2 2 2

YIELDS:
0 35 01 | 23 24 35
QQ"Q‘”’QQP*NQ“4 ***n.wvn—wmnmmnnmpnnngmwnn»-nq;ﬁﬁnqwnunf
E (36) 10} E+1 (23) 10 (12) 0

AL 2 LYY YT o T e o T R AP OO

9,6 READ MBOX ACCOUNT
RDMACT E
READ 59=BIT MBOX REFERENCE METER INTO E AND E+1 AS A DOUBLE

PRECISION UNSIGNED INTEGER WITH BINARY POINT BETWEEN BITS 23
AND 24 OF THE SECOND WORD,

0 35 01 | 23 24 35
+wa—»nnu~vmnnnu+ Qq&nmnmnuwnu—mwnnnq-p-qu«wmmﬂﬂ+nn-n-nn*
UPTMRM (36) {0} UPTMRM+1 (23) 10 (12) O

f'nwhnwnuﬂquwgﬁ *q*mwnuw-w«wowwnunmuw-nwnnu:nwa*wq-p’nm§

o TR

ADD TO ABOVE ' MBOX REF CTR (16)

o O -

YIELDS |

0 35 01 23 24 35°
#vwmnmmqumnnmn*.¢QQpnnmmnnmnunmnnqn--nwnmnmnnn;}éqgumuu*
E (36) 10} E+1 (23) 10 (12) ¢

A - *n&wwpw‘mcmunnwnaum-nmwnnn-qwmnﬁuQ-nnn—+
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10, PERFORMANCE ANALYSIS COUNTER
10,1 PERFORMANCE ANALYSIS COUNTER SUMMARY

THE PERFORMANCE ANALYSIS COUNTER PROVIDES A TDOL FOR STUDYING
HARDWARE AND SOFTWARE PERFORMANCE OF THE SYSTEM, IT WILL POINT
TO HARDWARE AND/OR SOFTWARE BOTTLENECKS, IT WILL HELP THE
CUSTOMER DECIDE WHAT PIECE OF EQUIPMENT TO ORDER NEXT AS HIS
LOAD
INCREASES, REPORTS FROM THE FIELD WILL HELP HARDWARE ENGINEERS
DECIDE WHAT NEW COMPONENTS TO DﬁSIGﬁ OTHER REPORTS. FROM THE
FIELD
WILL HELP SOFTWARE ENGINEERS IMPROVE THE PERFORMANCE OF FUTURE
SOFTWARE RELEASES, A RDPAC' E (READ PERFORMANCE ANALYSIS CLOCKS
BLKI TIM,E) READS THE 60wBIT
PERFORMANCE ANALYSIS COUNTER INTO E AND E + 1, THE 60=BIT
QUANTITY
AT LAST 0 IS KEPT IN EPT LUCATIONS EPTPAC (EXEC PROCESS TABLE =
PERFORMANCE ANALYSIS COUNTER = 512) AND EPTPAC+1,

THE PERFORMANCE ANALYSIS: COUNTER HAS TWO MODESs

DURATION MODE AND EVENT MODE, TWENTY~THREE BOOLEAN STATE
SIGNAL LINES OF THE MACHINE ARE BROUGHT TOGETHER ANp INPUT INTO
A PROGRAMMABLE BOOLEAN EXPRESSIUN, EACH STATE SIGNAL

15 EITHER TRUE OR FALSE, 1IN DURATION MODE, THE COUNTER

COUNTS AT HALF OF THE BASIC MACHINE CLOCK RATE WHENEVER THE
PROGRAMMABLE: BOOLEAN

EXPRESSION ENABLE CONDITION 1§ TRUE, IN EVENT MODE THE
PERFORMANCE ANALYSIS COUNTER INCREMENTS EVERY TIME THE BOOLEAN
EXPRESSION CHANGES FROM FALSE TO TRUE, THUS. GREAT CARE MUST BE
USED IN INTERPRETING &V&HT COUNTS WHERE MORE THAN. ONE. STATE
SIGNAL

15 ENABLED, SINCE TWO OVERLAPPING STATE SIGNALS WILL COUNT ONCE
INSTEAD OF TWICE, EVENT MODE IS INDICATED BY THE EVENT MUDE
(EM) BIT IN C(LOC) IN WRPAE LOC (WRITE PERFORMANCE ANALYSIS
ENABLES

= BLKO TIM,LOC) A 1 MEANS EVENT MODE, A

0 ‘MEANS DURATION MODE, THE PERFORMANCE ANALYSIS COUNTER CAN BE

%LEAR&D USING CLEAR FERFQRMANCE ANALYSIS CLOCK BIT (WRPAE
CPAC)),

THE FOLLOWING 23 STATE SIGNALS EXIST:

i1, USER MODE (1)

2, Pl LEVEL N (8)

3, CACHE REF1LL IN PROGRESS (1)

-4, CACHE WRITE BACK IN PROGRESS FOR EBOX (1)
5, SWEEP WRITE BACK IN PROGRESS (1)

6, EBOX TO MBOX REQUEST IN PROGRESS (1)

7. MICRO=CODE EVENT IN PROGRESS (1)

8, CHANNEL REGISTER J FULL (BUSY) (8)

9, ECL FRBBE INPUT EVENT (1)
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TWO MICRO=CODE SPECIAL FUNCTIONS ALLOW THE MICRO=CODE TO DEFINE
ONE ARBITRARY STATE, ONE OF THE MICRO=CODE FUNCTIONS SETS THE
MICRO=CODE STATE LINE TRUE AND THE OTHER SETS. THE MICRU=CUDE
STATE LINE FALSE, THE PERFORMANCE ANALYSIS COUNTER CAN BE
TURNED OFF BY DISABLING TERMS OF THE PERFORMANCE ALALYSIS
EXPRESSION WITH WRPAE LOC, THE RECOMMENDED PROCEDURE IS
WRPAE([O], 1IT IS INTENDED THAT THE SOFTWARE WILL DYNAMICALLY
PATCH THE MONITOR VIA. A PRIVILEGED MONITOR CALL IN ORDER TO
DEFINE A PARTICULAR SOFTWARE STATE SUCH AS NULL JOB RUNNING,

THE PERFORMANCE ANALYSIS COUNTER COUNTS WHEN THE FOLLOWING
BOOLEAN EXPRESSION CHANGES TO TRUE (EVENT MODE) OR COUNTS AT
HALF OF THE BASIC MACHINE CLOCK RATE WHEN THE FOLLOWING BOOLEAN
EXPRESSION IS TRUE, NOTE THAT THE BOOLEAN EXPRESSION IS MADE
UP OF THE AND OF 7 BOOLEAN SUBEXPRESSIONS, THUS  EACH
SUBEXPRESSION MUST BE TRUE IN ORDER FOR THE ENTIRE EXPRESSION
TO BE  TRUE, THE SOFTWARE INDICATES WHICH OF THE 23 STATE LINES
1T I8 INTERESTED IN BY SETTING A CORRESPONDING BIT IN A WRPAE
LOC, IF THE MEASUREMENT BEING MADE DOES NOT INVOLVE ONE OR
MORE OF THE SUBEXPRESSIONS, THE SOFTWARE MUST ENSURE THAT THE
SUBEXPRESSION IS ALWAYS TRUE BY SETTING ALL OF THE BITS IN THE
SUBEXPRESSION OR AT LEAST THE DON'T CARE BIT IN THE
SUBEXPRESSION, A SOFTWARE DON'T CARE BIT IS NOT PROVIDED SINCE
THE SOFTWARE.  STATE SIGNAL IS PROVIDED BY THE SOFTWARE
ALTERNATELY TURNING THE PERFORMANCE ANALYSIS CLOCK ON AND OFF,
WHEN CHANGING THE PATCHES, THE MONITORING PROGRAM SHOULD FIRST
DISABLE THEPERFORMANCE ANALYSIS CLOCK BY DOING A BLKD TIM,(0],

(EXEC MODE OR USER MODE OR DONT CARE)
AND
(PI 0 OR P1 1 OR,ss OR PI 7 OR NO PIS IN PROGRESS)
AND |
(CACHE MISS IN PROGRESS OR EBOX WRITE BACK IN PROGRESS
| OR EBOX TO MBOX REQUEST IN PROGRESS OR SWEEP
WRITEBACK IN PROGRESS OR CACHE DON'T CARE)
AND

(CHANNEL 0 COMMAND REGISTER FULL OR,,,CHANNEL 7 COMMAND
" REGISTER FULL OR CHANNEL DON'T CARE)

AND
(MICRO=CODE STATE OR MICRO=CODE STATE DON'T CARE
AND

(ECL PROBE INPUT STATE HIGH OR ECL PROBE INPUT STATE
LOW OR PROBE DON'T CARE ‘
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10,2 PERFORMANCE ANALYS1S APPLICATIONS = EVENT MODE

THE PERFORMANCE ANALYSIS COUNTER WILL  ALLUW  PERFORMANCE
ANALYSIS SOFTWARE T0 COLLECT COUNTS OF THE FDLLONLNG SYISTEM
EVENTS, NOTE; SINCE THERE 18 ONLY ONE COUNTER, ONLY ONE OF
THE FOLLUWING EVENTS. CAN BE COUNTED ON A DATA COLLECTION
EXPERIMENT; - -

1, NO, OF TRANSITIONS TO EXEC: MODE

2, NO, OF (UNNESTED) PI INTERRUPTS ON ANY CHANNEL

3, NO, OF INTERRUPTS ON Pl CHANNEL N,

4, NO, OF CACHE MISSES

5. NO, OF CACHE WRITE BACKS

6, NO, OF CACHE MISSES AND IN USER MODE

7. NO, OF EBOX TO MBOX REQUESTS

8, NO, OF CACHE WRITE BACKS AND IN USER MODE

9, MO, OF 'TIMES. A PARTICULAR INSTRUCTION OR SET OF
INSTRUCTIONS. IS USED (REQUIRES MOOIFIED MICRO=CODE) '

10, NO, OF TIMES A SOFTWARE EVENT OCCURS (REQUIRES THE
'MONITOR TO BE PATCHED) '

11, ETC,

- 10,3 PERFORMANCE ANALYSIS APPLICATIONS = DURATION MQDE

THE: PERFORMANCE ANALYSIS COUNTER WILL  ALLOW  PERFORMANCE
ANALYSIS SOFTWARE TO MEASURE THE PERCENT OF ELAPSED TIME THE
SYSTEM SPENDS IN THE FOLLOWING STATES, NOTE$ SINCE THERE 18
ONLY ONE COUNTER, ONLY ONE OF THE FOLLOWING STATES CAN BE
COUNTED ON A DATA (COLLECTION EXPERIMENT,  HOWEVER STATES,
UNLIKE  EVENTS, CAN BE THE AND OF SEVERAL OF THE 6
SUBEXPRESSIONS ‘ '

1, & TIME IN USER MODE
2. % TIME IN EXEC MODE
3, % TIME AT ANY PI LEVEL
4, % TIME AT Pl LEVEL
5« % TIME DOING CACHE MISSES
6, % TIME DOING CACHE WRITE BACKS
T % TIME EBOX TO MBOX REQUEST IN PROGRESS
8, % TIME IN NULL JOB
9, % TIME IN NULL JOB AND ANY CHANNEL BUSY
10, % TIME IN NULL JOB AND CHANNEL N BUSY
11, % TIME DDING CACHE MISSES IN EXEC MODE
12, % TIME AT Pl 0 (DTE20  BYTE  TRANSFERS. OR
 EXAMINE/ZDEPDSIT) '
13, & TIME DOING STRING INSTRUCTION (REQUIRES MODIFIED
MICRO=CODE) '

14, % TIME WITH PROBE INPUT HIGH
15, ETC,



1080,2040;2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,7
COMPANY CONFIDENTIAL = KL10 PROGRAM ChUCKS (TIM, MTR) = REV 3

10,4 READ PERFORMANCE ANALYSIS COUNTER

RDPERF E

READS 59~BIT PERFORMANCE ANALYSIS COUNTER INTO E AND E+1

DOUBLE PRECISION SIGNED

BETWEEN BITS 23 AND 24 OF THE SECOND WORD,

0 35

fmwauwm»qmnnnnmiz

EPTPAC (36)

P o
ADD TO ABOVE

- YIELDS
0 35

A -

E (36)

o -~

01 43 24 35
+n§pqqn-wunwnnnnmnq-ppwgmuwpqng&ﬁwﬁwm»q*
101 EPTPAC+1 0 (12) 0

*n*nmqwu*wnuwmwnnnnpp»mmmmwumnp*nu-tnnn#

*m-wn*mpn-uwn--n'§~-’+
PERF ANAL CTR (16)

T W

01 23 24 35
*ﬂ*umnau«swnnnw-qnn--wunwnnwﬂwm*mw-n0”n+
104 E+4l (23) 0 (12) 0

EaS LA S I L 2l L P PPN T T T Yup i e

PAGE 24

(POSITIVE) INTEGER WITH BINARY POINT
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10,5 WRITE PERFORMANCE ANALYSIS ENABLES
WRPAE E (LH) |
o T

+ "+ + + + + +
Aaat SL I LTI I E ST PR LR T Y

SR ELIE LR SRS LA TY:

R R O A S F RS A Ry |
BiLoLELoBByobbgoasd ;;*.. 17 MBZ

$04 401 143 130 1ML l4e== 16 CDC CACHE DON'T CARE

$48 301 £14 310 4L twe=e 15 CSWB CACHE SWEEP WRITE BACK IN
: | PROGRESS ON 0, 1 = IGNORE
RELLLRLL b pet |

BLLLEL 188 LML ll+=e 14 CEWB CACHE EBOX WRITE BACK IN
S PROGRESS ON 0, 1 = IGNORE

4 181 188 11 L4e== 13 CF CACHE FILL A IN PROGRESS ON 0,

1 = JGNORE
11l 4me=== 12 EMR EBBX To MBOX REQUEST IN PROGRESS
ON 0, 1 = IGNORE

)
E
-
E
-
FoP
-
-
-

‘4==w= 6 CR6F CHANNEL REGISTER 6 FULL

o088 byl
P 380 Ll tie== 11 EPDC ECL PROBE DON'T CARE
§ 30 L) leawe= 10 EPSL. ECL PROBE STATE LOW
P LLY 33 4wmmm § MCDC MICRQ~CQEE DON'T CARE
IS SNy
1 1LY tiew= 8 CHDC CHANNEL DQNIT CARE.
H iitvz&n-ﬂ 7 CRTF CHANNEL REGISTER 7 FULL
14
R EE
ble

]

!

! {i4== 5 CR5F CHANNEL REGISTER 5 FULL
44 {+=w= 4 CR4F CHANNEL REGISTER 4 FULL

{ +==== 3 CR3F CHANNEL REGISTER 3 FULL

!

+

h’—“=h“.~§‘<.~v’—q—hn— DY
ﬁ.h’mh"”“h”g—”knw

=+ 2 CRZF CHANNEL REGISTER 2 FULL
3#**‘ 1 CR]IF CHANNEL REGISTER 1 FULL
FUa— Q0 CROF CHANNEL REGCISTER 0 FULQ

NOTE: THE SENSE QF CswB, CEWB, CF, EMR BITS ARE RﬁVﬁRSEQ FROM
THE' OTHER BITS, FOR THESE BITS, A 1 (RATHER THAN A Q) MEANS
IGNORE AND A 1 (RATHER THAN 0) MEANS INCLUDE THIS TERM,
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WRPAE E (RH)

AL ST L R Z T ET L TY LY I T
+ 4+ + + o+ + +

+wmn*unmﬁn-wimqn§mnn+mn~$

z+-~ 35 MBZ
dwmw 34 MBZ
m—-e 33 MBZ

4-“.-

¥
i
i
T
14
i1
f4mes 31 MBZ |
+==== 30 CPAC CLEAR PERF ANAL COUNTER

== 29 EM EVENT MODE
== 28 MPADC MODE ‘PERF ANAL DBN‘T CARE
=== 27 UMPA USER MODE PERF ANAL

E 1 @»”w»vwawaah.-«

B R
i1
il
i
i
il
Ll
i
3]
1
il
i
Y )

Eiaatl A gk L UE TR R L LUAE TR TR T R e
”“”»”ﬂ.’-””h‘—””“
A e G Mo G Y oo B G P . on

i+== 26 NPPA NO PI PERF ANAL
i+w== 25 PTPA PI 7 PERF ANAL
tweem 24 P6PA P1 6 PERF ANAL

”owtuhmnt—'””w““““””“”
e e B S G Do o n B e B B o o Do B o Wl
”“M“‘M””“”“M“W’“m‘”elnbm

{l+e= 23 P5PA PI 5 PERF ANAL
| {+=== 22 PAPA PI 4 PERF ANAL
‘te=e= 21 P3PA PI 3 PERF ANAL

”“‘*””‘-’ﬂ ;‘.““h”””_ “”w”h”i&”

i
i
13
il
il
i
LR
L]
i
3]
't
]
il
I
i
3
11
i
il
i
i
R
i

+o= 20 P2PA PI 2 PERF ANAL
j+=== 19 PIPA PI | PERF ANAL
te==e 18 POPA P1 0 PERF ANAL
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10,6 DETAILE& DESCRIPTION OF PERFQR&A“C& ANALYS1S METER WRPAE
LGC (BLKO TIM,LODC)

BIT SYMBOL DESCRIPTION

BITS 08 COMPRISE THE CHANNEL TERM, AT LEAST ONE BIT IN 08
MUST BE SET IN ORDER TO COUNT ANYTHING, CHANNEL REGISTER FULL
1S DECODED FROM THE FOLLOWING SIGNALS3 CRC' SEL 4, CRC SEL 2
CRC SEL 1, CBUS READY, ’

0 CROF BLKOZ CHANNEL REGISTER 0 FULL = IF A
1, THE PERFORMANCE ANALYSIS. COUNTER
WILL COUNT WHEN CHANNEL 0 IS BUSY
(WAITING FUR LATENCY OR TRANSFERRING
‘DATA) AND OTHER BOOLEAN TERMS ARE TRUE,
IF A 0, THE STATE OF CHANNEL IS
IGNORED, ' ' )

1 CR1F BLKUS CHANNEL REGISTER 1 FULL = IF A
ty THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 1 IS8 BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BOUOLEAN TERMS ARE
TRUE ,

2 CR2F BLKOS CHANNEL REGISTER 2 FULL » IF A
2, THE PERFORMANCE: ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 2 IS BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BOULEAN TERMS ARE
TRUE,

3 CR3F BLKO$ CHANNEL REGISTER 3 FULL = IF A
-3, THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 3 IS BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BUOLEAN TERMS ARE
TRUE, .

4 - CR4F: BLKO$ CHANNEL REGISTER 4 FULL » IF A
4, THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 4 I8 BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BOOLEAN TERMS ARE
TRUE,
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5

6 .

7

BIT 9 IS8 THE MICRO CODE
CAN BE MADE ALWAYS TRUE

9

CRSF

CR6F

CRIF

CHDC

MCDC

BLKO: CHANNEL REGISTER 5 FULL = IF A
L Tﬂﬁw PERFORMANCE  ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL & 18 BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BQQLEAR TERMS ARE
TRUE,

BLKO3 CHANNEL REGISTER 6 FULL = IF A
6y THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 6 I8 BUSY
(WALITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BOOLEAN TERMS ARE
TRUE,

BLKO: CHANNEL REGISTER 7 FULL = IF A
7, THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHEN CHANNEL 7 18 BUSY
(WAITING FOR LATENCY OR TRANSFERRING
DATA) AND THE OTHER BOOLEAN - TERMS ARE
TRUE,

BLKO: CHANNEL DON'T CARE = IF A 1, THE
PERFORMANCE ANALYSIS COUNTER CONSIDERS
THE CHANNEL TERM TO BE ALWAYS TRUE AND
WILL COUNT NO MATTER WHAT THE STATE THE
CHANNELS ARE. IN IF ALL THE  OTHER
BOOLEAN TERMS ARE TRUE, HENCE THE NAME
CHANNEL DON'T CARE, IF A 0, BITS 0«7
SPECIFY WHICH CHANNELS ARE GF INTEREST,.

STATE TERM, IT IS THE ONLY TERM WHICH
WITHOUT ANY BITS,

BhKQ} MICRU CODE DON'T CARE = IF A 0,
THE PERFORMANCE ANALYSIS COUNTER WILL
COUNT WHEN THE MICRO CODE HAS SET THE
MICRO=CODE STATE SIGNAL TIME AND THE

OTHER BUOLEAN TERMS ARE TRUE, (THE

INTERNAL SIGNAL USED "IS3  CON UCODE

STATE 01] IF A |, THE HARDWARE TREATS

THE MICRO=CODE STATE TERM AS IF IT WERE
ALWAYS TRUE,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,7 PAGE. 29
COMPANY CONFIDENTIAL = KL1O PROGRAM: CLOCKS (TIM, MTR) = REV 3

BITS 10~11 ARE THE ECL PROBE STATE TERM,

10
11
BITS 12«16
THESE BITS
NOTE$ THE
THE OTHER
IGNORE AND
12

EPSL

EPDC

BLKOZ ECL PROBE STATE LOW » IF A 1,

THE PERFORMANCE ANALYSIS COUNTER WILL
COUNT WHEN THE ECL PRUBE INPUT SIGNAL
IS LOW AND THE OTHER BOOLEAN TERMS ARE

TRUE, (THE INTERNAL SIGNAL USED 183

PROBE]} IF A 0, THE PERFORMANCE ANALYSIS
COUNTER WILL COUNT WHEN THE ECL PROBE
INPUT SIGNAL IS. HIGH ANp THE OTHER
BOOLEAN TERMS ARE' TRUE,

BLKO: ECL PROBE STATE DON'T CARE = IF
A 1, THE PERFORMANCE ANALYSIS COUNTER
WILL COUNT WHENEVER THE STATE OF THE
OTHER BOOLEAN TERMS IS TRUE, IF A 0,
THE PERFORMANCE ANALYSIS COUNTER WILL

‘DEPEND ON THE ECL PROBE AND EPSL,

ARE THE MBOX STATE TERM, EXCEPT FOR DON'T CARE, ALL
ARE CONDITIONAL ON EBOX WAITING FOR MBOX,

SENSE EMR, CF: CEWB, AND CSWB BITS ARE REVERSED FRUM

BITS,

FOR THESE BITS3, A 1 (RATHER THAN 0) MEANS

0 (RATHER THAN 1) MEANS INCLUDE THIS TERM,

EMR

BLKO: EBOX TO MBOX REQUEST IN PROGRESS
= IF A o, THE PERFORMANCE ANALYSIS
COUNTER WILL COUNT WHEN THE EBOX IS
WAITING FOR A CYCLE REQUESTED FROM THE

- MBOX AND THE OTHER BOOLEAN TERMS ARE'
‘TRUE, THIS INCLUDES TIME WHEN THE EBOX

IS WAITING FOR THE MBOX IT DQES. NOT
INCLUDE ADDITIONAL READS WHICH THE MBOX
DOES IN ORDER TO GET 4 WORDS, IT ©DOES
INCLUDE ANY WRITE=BACK WHICH THE MBOX
MAY HAVE TO DO IN ORDER TU SATISFY THE
EBOX. REQUEST, IT DOES NOT INCLUDE
WRITE=BACKS DUE TO SWEEP OPERATIONS,
[THE: INTERNAL -SIGNAL- USEpD 183 EBOX
SYNC AND MB WAIT) IF A i, THE STATE OF
EBOX TO MBOX REQUEST 1IN PROGRESS IS
IGNQRED. o
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13

14

15

CF

CEWB

CswWB -

BLKO$¢ CACHE FILL IN PROGRESS = IF A 0,
THE PERFORMANCE ANALYSIS COUNTER WILL

COUNT WHEN THE EBOX MAKES A REFEREHCE»4

TO THE MBOX AND THE DATA MUST BE
FETCHED FROM MEMORY AND THE OTHER

BOOLEAN TERMS ARE TRUE, THIS INCLUDES

DTE20 EBOX REFERENCES BUT DDES NOT
INCLUDE CHANNEL REQUESTS, IT ALSO
INCLUDES REFERENCES TO MEMORY BECAUSE
THE C BIT IN THE PAGE TABLE IS OFF

(OPERATING SYSTEM HAS SAID NOT TO CACHE

THAT PAGE), 1T DOES NOT INCLUDE ANY
TIME SPENT DOING WRITE=BACKS, IT DOES
NOT INCLUDE CACHE SWEEP OPERATIONS, IT
INCLUDES ALL MEMORY READ REFEKENCES TO
PAGE MAPS WHETHER MADE BY THE EBOX OR
THE MBOX, (THE INTERNAL SIGNAL USED
IS§ CSH FILL CACHE RD] IF A 1, THE
STATE OF CACHE FILL IN PROGRESS IS
IGNURED,

BLKO? CACHE  EBOX  WRITE=BACK IN
PROGRESS =« IF A 0, THE PERFORMANCE
ANALYSIS COUNTER WILL COUNT WHEN THE

‘MBOX  MUST PERFORM A WRITE=BACK TO

MEMORY AS THE RESULT OF AN  EBOX
REQUEST, THIS ~ INCLUDES  DTE20
REFERENCES BUT DOES NOT INCLUDE CHANNEL
REFERENCES, IT ALSD INCLUDES WRITES TO
MEMORY BECAUSE THE C: BIT IN THE PAGE
TABLE IS OFF (OPERATING SYSTEM HAS SALD
NOT TO CACHE THAT PAGE,) IT DOES NOT
INCLUDE CACHE SWEEP OPERATIONS, IT
INCLUDES ALL MEMORY REFERENCES TO PAGE
MAPS WHETHER MADE BY THE EBOX OR MBOX,
THUS CEWB 1S DISJOINT FROM (L, [THE
INTERNAL  SIGNAL USED ISt CSH E
WRITEBACK 1, IF A 1, THE STATE OF
CACHE EBOX WRITE-BACK 1IN PROGRESS IS
IGNORED, | o

BLKO3  CACHE SWEEP WRITE BACK  IN
PROGRESS, IF A 0, THE PERFORMANCE
ANALYSIS COUNTER WILL COUNT WHEN THE
MBOX IS PERFORMING WRITE=BACKS DUE TD
CACHE SWEEPS, THIS DOES NOT INCLUDE
WRITE=BACKS DUE TO ANY OTHER CAUSE,
[THE INTERNAL SIGNAL USED IS3 CSH CCA

- WRITEBACK], 1IF A 1, THE STATE OF CACHE

SWEEP WRITE=BACK IN  PROGRESS 18
IGNORED, v
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16 cDpeC BLKO: CACHE DON'T CARE = IF A 1, THE
' PERFORMANCE ANALYSIS COUNTER CONSIDERS
THE' CACHE TERM TO BE ALWAYS TRUE AND
WILL COUNT NO MATTER WHAT THE CACHE 18
DOING IF ALL THE OTHER BOOLEAN TERMS
ARE TRUE, HENCE THE NAME CACHE DON'T
CARE., IF A 0, BITS 14~16 SPECIFY WHICH
CACHE STATE SIGNALS ARE OF INTEREST,

17 MBZ MUST BE ZERO,

BITS 18=26 COMPRISE THE Pl LEVEL TERM, AT LEAST 1 BIT MUST BE
SET. IN ORDER TO COUNT ANYTHING, THE MODE (EXEC/USER) DOES NOT
- MATTER FOR THIS TERM TO BE TRUE, SINCE THE MODE (EXEC/USER) IS
A SEPARATE TERM IN THE BUOLEAN EXPRESSION, THE SOFTWARE CAN
ENABLE FOR ALL POSSIBLE COMBINATIONS OF MODE AND Pl LEVEL,
(DIFFERENT FROM ACCOUNTING METER WHICH ALWAYS COUNTS IN UBER
MODE) , \ b X :

INTERNAL SIGNALS USED:  THE CURRENT
LEVEL OF THE PROCESSOR IS DETERMINED
FROM 7 SIGNALS, IF MCL PI CYCLE 1§
TRUE, THEN PI2 PI4 A, PI2 PI2 A, AND
P12 PIIA REPRESENT THE CURRENT PI
LEVEL, IF MCL PI CYCLE IS FALSE, THEN
P12 HOLD 4, PI2 HOLD2, AND PI2 HOLD1
REPRESENT THE CURRENT STATE,

18 POPA  BLKO} PI 0 PERF ANAL » IF A 1, THE
PERFORMANCE ANALYSIS COUNTER WILL COUNT
WHENEVER THE CPU I8 AT PI LEVEL 0
(DTE20  EXAMINE, DEPOSIT, OR BYTE
TRANSFER) AND THE OTHER BOOLEAN TERMS
ARE TRUE, IF A 0, PI LEVEL 0 IS
IGNORED,

19 P1PA BLKO: PI { PERF ANAL = IF A 1, THE
| PERFORMANCE ANALYSIS COUNTER WILL COUNT
WHENEVER THE CPU 1S AT Pl LEVEL 1 AND
THE OTHER BOOLEAN TERMS ARE TRUE, IF A
0, PI LEVEL:1 IS IGNORED, |
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20
21
22
23
24
25

26

BITS 2728 COMPRISE THE
27

28

P2PA
P3PA
PaPA
PSPA
P6PA
PTPA
NPPA

UMPA

MPADC

BLKO$ PI2 = PERF ANAL
BLKO: PI3 = PERF ANAL
BLKO: PI4 = PERF ANAL
BLKO: PI5 = PERF ANAL
BLKOS P16 = PERF ANAL
BLKD: PI7 = PERF ANAL

BLKOS NO PI PERF ANAL = IF A 1, THE
PERFORMANCE ANALYSIS COUNTER WILL COUNT
WHENEVER THE CPU HAS NO PIS IN PROGRESS
AND THE OTHER BOOLEAN TERMS ARE TRUE,
IF A 0, THE STATE OF NO PIS IN PROGRESS
IS IGNORED, ' ' '

CPU MODE TERM,

BLKD: USER MODE PERFORMANCE ANALYSIS =
IF A 1, THE PERFORMANCE ANALYSIS
COUNTER WILL COUNT WHENEVER THE CPU IS
IN USER MODE AND THE OTHER BOOLEAN
TERMS ARE TRUE, (THE INTERNAL SIGNAL
UBED 153 SCD USER A ), 1F A 0, THE
COUNTER WILL COUNT WHENEVER THE CPU IS
IN EXEC MODE AND THE OTHER BOOLEAN
TERMS ARE TRUE, '

BLKO! MODE PERF ANAL DONT CARE = IF 1,

PERFORMANCE. ANALYSIS DOES NOT DEPEND ON

PROCESSOR MODE,



108002040;2066 ENGINEERING FUNCTIONAL SPEC = CHAP 2,7 PAGE 33
CUMPANY CONFIDENTIAL = KL10 PROGRAM CLOCKS (TIM, MTRJ = REV 3

29

30

31=35

EM

CPAC

BLKOt [EVENT MODE = IF. A 1, PUT THE

PERFORMANCE ANALYSIS COUNTER INTQ EVENT

MODE, IN EVENT MODE THE COUNTER COUNTS
ON EVERY 0 TO 1 TRANSITION OF THE AND
OF ALL OF THE SIGNALS CONDITIONED BY
THE BOOLEAN . EXPRESSION,  SEE SUMMARY
ABOVE (SECTION 10,1), IF A 0, BUT THE
PERFORMANCE ~ ANALYSIS  COUNTER  INTO
DURATION MODE, IN DURATION MODE THE

- COUNTER IS COUNTED AT HALF OF THE BASIC

MACHINE CLOCK RATE WHENEVER THE SIGNALS
CONDITIONED BY THE BOOLEAN EXPRESSION
ARE TRUE,

NOTE: IN ORDER TO PREVENT THE COUNTER

'FROM CHANGING WHILE IT IS BEING READ,

THE STATE IS FORCED FALSE, THIS HAS
THE EFFECT OF CREATING A FALSE EVENT IF
THE COUNTER IS IN EVENT MODE AND THE
STATE IS TRUE DURING A READ OF THE
COUNTER;  AND IN DURATION MODE, NO
COUNTS. ARE TAKEN DURING THE TIME THE
COUNTER 1S READ,.

BLKO3  CLEAR  PERFORMANCE  ANALYSIS
COUNTER = IF A 1, CLEAR THE 16BIT
REGISTER OF THE PERFORMANCE ANALYSIS
COUNTER, THE SOFTWARE MUST CLEAR THE
EPT LOCS EPTPAC, EPTPAC+1 (512-513),
IF A 0, THE COUNTER IS NOT CLEARED,
THERE 18 NO WAY T0 LOAD THE 16BIT
REGISTER OF THE PERFORMANCE ANALYSIS
COUNTER,

- BLKO: MBZ

NOTE: THERE IS Np wa TO READ BACK THE PERFORMANCE ANALYS1S

COUNTER ERAB&ES,
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11, RESET

EITHER KL10 RESET OR POWER APPLICATION (POWER "ON") TURNS OFF
KL10 CLOCKS DESCRIBED HEREIN, CLEARS THE PI ASSIGNMENT IN MTR,.

12, SUMMARY OF REGISTER USE

TWO INTERNAL DEVICE CODES ARE USED, NAMELY TIM AND MTR, THE
FOLLOWING TABLE SHOWS THE USE OF THEM, TIN IS USED FOR
INTERVAL TIMER, TIME BASE, AND PERFORMANCE ANALYSIS COUNTER,
MTR IS USED FOR THE ACCOUNTING METER AND (BECAUSE: RUN OUT OF
BITS) THE CONTROL BITS FOR ALL THE CLOCKS, ' :

CONO  TIM SET INTERVAL TIMER PERIUD (12 BITS)
CONI  TIM READ INTERVAL TIMER (12 BITS), PERIOD
| (12 BITS), AND INTERVAL TIMER FLAGS

DATAD  TIM UNUSED

RDTIME READ TIME BASE (59 BITS)

WRPAE: SET  PERFORMANCE  ANALYSIS  COUNTER
ENABLES (30 BITS) |

RDPERF READ PERFORMANCE ANALYSIS COUNTER (59
BITS) | |

CONO  MIR SET KL10 CLOCKS CONTROL BITS

CONI  MIR READ KL10 CLOCKS CONTROL BITS (7 BITS)

DATAD  MTR UNUSED

RDEACT READ EBOX BUSY METER (59 BITS)

BLKO MR UNUSED

RDMACT 'READ MBOX REFERENCE METER (59 BITS)

DATAOQ: PAG - STORE ACCOUNTING METERS: CLEAR
ACCOUNTING METERS ' -
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13, MASTER CLOCK ACCURACY (WORST CASE)

THE FREQUENCY TOLERANCE SPECIFICATION OVER  TEMPERATURE,
INCLUDING LONG TERM DRIFT FOR THE KL1i0 MASTER CLOCK OSCILLATOR,
HAS BEEN SET AT PLUS OR MINUS 25 PARTS PER MILLION MAXIMUM FOR
THE FIRST YEAR, INCREASING BY 5 PARTS PER MILLION PER YEAR TO
50 PARTS PER MILLION MAXIMUM FOR THE SIXTH YEAR, IN TERMS OF
KEEPING ACCURACY, THIS IS EQUIVALENT TO 16 SECONDS PER WEEK
(GAIN OR LOSS) FOR THE FIRST YEAR AND LESS THAN 31 SECONDS PER
WEEK FOR THE SIXTH YEAR, THIS PERFORMANCE IS OBTAINED AT LOW
COST, WITHOUT ANY FREQUENCY  ADJUSTMENTS, AFTER  INITIAL
PRODUCTION CHECKOUT, |

14, APPENDIX A = IMPACT ON REST OF MACHINE
1, INTEGER MHZ,
2, 5 LINES FROM CHARN&L& = REGISTER FULL
3, 3 LINES FROM CACHE = CACHE FILL E WRITE BACK, CA WRITE
BACK o
15, APPENDIX B = LOOSE ENDS
1, HOW SHOULD ACCOUNTING AND P&RFORHA&CE RﬂALYSlS HANDLE
MBOX REFERENCES MADE BY EBOX FQR PAGING?
16, APPENDIX C = EPT AND UPT SYMBOLS
THIS SPECIFICATION USES THE FOLLOWING EPT AND. UPT LOCATIONS,
AS A HELP TO THE READER, THE VALUES OF THE SYMBOLS ARE ALSD
GIVEN PARENTHETICCALLY IN THE BODY OF THE BSPEC, HOWEVER. THE
VALUES FOR THE SMBOLS MAY CHANGE, THE FINAL AUTHURITY IS LATER

EDITIONS OF CHAPTER 2,0, EXEC AND USER PROCESS TABLES (EPT,
ueT), : ~ * '

Loc SYMBOL NAME

510 EPTTB EPT = TIME BASE (HIGH)

511 EPTTB+1 (LOW)

512 EPTPAC EPT = PERFORMANCE ANALYSIS COUNTER
(HIGH)

513 EPTPAC+1 (LOW)

514 EPTITV EPT = INTERVAL TIMER VECTOR

504 UPTEBM UPT = EBOX BUSY METER (HIGH

505 UPTEBM+1 (LOW)

506 UPTMRM UPT = MBOX REFERENCE METER (HIGH)

507 UPTMRM+1 (LOW)

LEND OF CH2807,8PC)
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THE KL10 PAGING FACILITIES ARE INTENDED TO  SUPPORT
SOPHISTICATED  OPERATING  SYSTEM  FEATURES,  INCLUDING 1IN
PARTICULAR: | |

1, EFFICIENT PROGRAM WORKING SET MANAGEMENT AND DEMAND
PAGING, |

2, EXTENSIVE SHARING OF DATA AND PROGRAMS ON A
PAGE»BY=PAGE BASIS,

MUCH OF THE MECHANISM DESCRIBED HEREIN 1S IMPLEMENTED BY KL10
MICROCODE RATHER THAN SPECIFIC HARDWARE, THE COMBINATION OF
HARDWARE AND MICROCODE WHICH IMPLEMENTS THIS SPECIFICATION WILL
BE REFERRED TO AS THE KL10 PAGER, THE KL10 ALSO SUPPORTS KI10
PAGING AS A SPECIAL MODE, KI10 PAGING IS NUT DESCRIBED IN THIS
CHAPTER, | o

THIS PAGING DESIGN ALSO SUPPORTS THE EXTENDED ADDRESSING
FACILITIES OF THE KL10 PROCESSOR, AND IT 1S EXTENDABLE BEYOND
THE 32-SECTION IMPLEMENTATION OF THE KL10, THE PHYSICAL CORE
ADDRESS FIELDS SUPPORT UP TO 27 BITS (134 MILLION WORDS) OF
PHYSICAL CORE MEMORY; THE KL10 IMPLEMENTS 22 BITS (4 MILLION
WORDS) OF THIS, THERE 1S ALSO AN IMPLICIT LIMIT OF 2#%23 (8
MILLION) PAGES PER DISK STRUCTURE (4 BILLION WORDS),

N,B, "CORE" IN THIS DISCUSSION IS NOT MEANT TO SPECIFY A
TECHNOLOGY, BUT A MEMORY SYSTEM WITH ACCESS TIME AND CAPACITY
SIMILAR TO CORE. i “ | |

.ABDRESS/$P56$5

THE USER ADDRESS SPACE 18 HOMOGENEOUS AND CONSISTS OF 32 EQUAL
SECTIONS, SECTION 0 IS NOT TREATED IN ANY SPECIAL MANNER BY
- THE PAGING FACILITIES, THE SECTION TABLE FOR THE USER ADDRESS
SPACE RESIDES IN THE UPT AND CONSISTS OF 32 SECTION POINTERS,.
THE EXEC ADDRESS SPACE ALSO CONSISTS OF 32 EQUAL SECTIONS, ITS
SECTION TABLE RESIDES IN THE EPT AND CONSISTS OF 32 SECTION
POINTERS, THE MONITOR SOFTWARE CAN EFFECTIVELY DIVIDE THE EXEC
ADDRESS SPACE INTO PER~PROCESS AND PER=JUB AREAS THROUGH THE
USE OF INDIRECT POINTERS (SEE APPENDIX), HENCE NO SUCH DIVISION
NEED BE BUILT INTO THE PAGER, 1IN A MULTI~PROCESSING SYSTEM,
EACH CPU HAS ITS OWN EPT AND HENCE ITS OWN EXEC SECTION TABLE,

SECTION POINTERS
A SECTION POINTER REPRESENTS AN ENTIRE: SECTIONs, J.Ess A

256K+WORD ADDRESS SPACE, IT POINTS TO A PAGE TABLE WHICH IN
TURN CONTAINS POINTERS REPRE&E&TIHG~EACHVPAQEfQS,TﬁAT'SEQTIQN.
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THE SECTION POINTER MAY BE IMMEDIATE, SHARED OR INDIRECT
FORMAT;  IN ANY CASE, IT MUST YIELD THE PHYSICAL CORE ADDRESS
OF A PAGE CONTAINING A PAGE TABLE, o

PAGE TABLES

A PAGE TABLE 1S A PAGE CONTAINING PAGE POINTERS FQOR ONE
SECTION,  THERE ARE 512 PAGES PER SECTION AND EACH POINTER 1S
ONE 36=BIT WORD. HENCE A PAGE TABLE IS A FULL PAGE, “

STORAGE ADDRESSES (PAGE ADDRESSES)

A STORAGE ADDRESS IDENTIFIES A PAGE OF PHYSICAL STORAGE IN CORE
OR. ON SOME OTHER MEDIUM, THE FOURMAT OF THE STORAGE ADDRESS
DPETERMINES BOTH THE MEDIUM AND THE ADDRESS WITHIN THAT MEDIUM,
STORAGE ADDRESSES ARE FOUND IN PAGE POINTERS AND IN SPT ENTRIES
(BELOW), AND ARE 24=BIT QUANTITIES, . ‘

12 ‘ 17 18 22 23 35
#mnmnnqmnmmn«mmwnw+an»nnpm«-qnwmw#ﬁ-ﬁnﬂnnm-ﬂﬂnmuf
{ ' } ! !

*waunmmmﬂpmmmﬁnwuﬂ*nﬂmmnnuwmpqmmnq*mqnﬁgmqﬁnﬂgnmq}
CURE PAGE NUMBER
IF B12~17=0

I1F BITS 12=17 ARE 0, THE ADDRESS REFERS TO CORE MEMORY, BITS
23=35 ARE THE PHYSICAL  CORE PAGE NUMBER OF THE PAGE (B18=22
MBZ), ONLY VIRTUAL ADDRESS REFERENCES WHICH TRANSLATE TO
PHYSICAL CORE ADDRESSES CAN BE COMPLETED BY THE PROCESSOR,

IF BITS 12«17 ARE NOT 0, THEN THE ADDRESS IS BSOMETHING' OTHER
THAN PHYSICAL CORE (E,G,, DISK OR DRUM), A VIRTUAL ADDRESS
REFERENCE WHICH TRANSLATES. TO A NUN=CORE ADDRESS CANNOT BE
COMPLETED BY THE PROCESSOUR, AND A TRAP TO THE MONITOR MUST BE
INITIATED, THE FORMAT OF NONeCORE ADDRESSES IS IRRELEVANT TO
THE PAGER BEYOND THE CONVENTION THAT BITS 12=17 ARE NOT 0,

PAGE POINTERS |
THERE ARE THREE TYPES OF PAGE POINTERS, IMMEDIATE, SHARED, AND

INDIRECT, THE POINTER TYPE IS ENCODED IN BITS Ow2 OF THE
POINTER AS FOLLOWS: |

o NO ACCESS
1 IMMEDIATE
2 SHARED

3 INDIRECT
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4w7 NOT USED, RESERVED,

EACH PAGE PUINTER CONTAINS. ACCESS BITS WHICH DETERMINE WHAT
TYPES OF REFERENCES MAY BE MADE TO THE PAGE, THE ACCESS BITS
ARE HANDLED IN THE SAME WAY REGARDLESS OF WHICH OF THE THREE
POINTER TYPES IS BEING INTERPRETED, ‘

P (PUBLIC,B3) IF THIS BIT IS OFF, THE PAGE MAY ONLY BE
REFERENCED BY PROGRAMS RUNNING IN CONCEALED OR
KERNEL MODE, SEE KI10 REFERENCE MANUAL FOR
ADDITIONAL DETAILS, |

W (WRITE,B4)  IF THIS BIT IS OFF, WRITE REFERENCES MAY NOT BE
DONE TO THE PAGE, |

C (CACHE,B6) IF THIS BIT IS ON, DATA IN THIS PAGE MAY BE
PLACED IN THE CACHE,

B5,7=11 ' THESE BITS ARE: NOT USED BY THE PAGER AND ARE
' RESRVED FOR FUTURE SPECIFICATION BY DEC,

IMMEDIATE POINTER

AN IMMEDIATE POINTER CONTAINS THE PHYSICAL ADDRESS. OF THE
ASSOCIATED PAGE IN BITS 1235, THIS POINTER TYPE IS ALSO KNOWN
AS PRIVATE SINCE THE PAGE IS PRIVATE TO THE PAGE TABLE WHICH
CONTAINS THE POINTER, | o i

SHARED POINTER

A SHARED POINTER CONTAINS AN INDEX WHICH POINTS INTO THE SPT
(SPECIAL/SHARED PAGES TABLE), THE ASSOCIATED SPT ENTRY THEN
CONTAINS THE PHYSICAL ADDRESS FOR THE PAGE, .THE SPT ENTRY IS
FOUND AT THE PHYSICAL CORE ADDRESS GIVEN BY THE SUM OF THE SPT
BASE REGISTER AND THE SPT INDEX FROM THE SHARED POINTER, THIS
IS KNOWN AS A SHARED POINTER BECAUSE MANY PAGE TABLES MAY
CONTAIN SHARED POINTERS TO  THE SAME PHYSICAL PAGE,  REGARDLESS.
OF THE NUMBER OF PAGE TABLES HOLDING A PARTICULAR SHARED
POINTER, THE PHYSICAL ADDRESS IS RECORDED ONLY ONCE IN THE SPT,.
HENCE THE MONITOR MAY MOVE THE PAGE WITH ONLY ONE ADDRESS TO
UPDATE, -

INDIRECT POINTER

THE INDIRECT POINTER IDENTIFIES ANOTHER PAGE TABLE AND A
POINTER WITHIN THAT PAGE TABLE, IT CAUSES THE NEW POINTER TO
BE FETCHED AND INTERPRETED, HENCE, THE INDIRECT POINTER 1S
USED TO MAKE A PAGE OF ONE ADDRESS SPACE EXACTLY EQUIVALENT T0
A PAGE OF ANOTHER ADDRESS SPACE,

THE INDIRECT POINTER IDENTIFIES THE OBJECT PAGE TABLE USING AN
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SPT  INDEX, THE PHYSICAL ADDRESS OF THE PAGE TABLE IS FOUND IN
THE ASSOCIATED SPT ENTRY JUST AS FOR A SHARED POINTER, THIS I8
DONE SO THAT THE PHYSICAL ADDRESS OF A PAGE TABLE MAY BE KEPT
IN ONE PLACE AND NEED NOT BE DUPLICATED IN ANY PAGE POINTERS,
ONCE THE OBJECT PAGE TABLE HAS BEEN FOUND (AND DETERMINED TO BE
IN CORE), THE PAGE NUMBER FIELD OF THE INDIRECT POINTER 18 USED |
AS AN INDEX TO SELECT A NEW POINTER WORD FROM THE PAGE TABLE.,
THIS NEw POINTER MAY BE OF ANY OF THE THREE POINTER TYPES OR IT
MAY BE NO-ACCESS, THE ACCESS BITS OF THE NEW POINTER ARE
"AND"ED WITH THOSE OF THE INDIRECT POINTER, THUS ACCESS TO A
PAGE 1S5 PROHIBITED IF EITHER POINTER WOULD PROHIBIT 1T. THE
PAGER WILL INTERPRET INDIRECT POINTERS TO AN ARBITRARY DEPTH
BUT MUST BE ABLE TO TERMINATE INDIRECT POINTER INTERPRETATION
TO SERVICE A PRIORITY INTERRUPT IN THE CASE OF LONG INDIRECT
CHAINS OR INDIRECT LOOPS,

SPT

THE SPT (SPECIAL/SHARED PAGES TABLE) HOLDS PHYSICAL ADDRESSES
FOR PAGES WHICH ARE SHARED AMONG MANY PAGE TABLES (PROCESSES)
OR WHICH ARE USED IN SOME SPECIAL WAY, E,G., AS PAGE TABLES., A
PAGER REGISTER (AC BLOCK 6, WORD 3) HOLDS THE BASE ADDRESS OF
THE $PT, THE SPT INDEX FOUND IN POINTERS IS ADDED TO THE SBT
BASE  ADDRESS TO FORM THE PHYSICAL CORE ADDRESS OF THE
ASSOCIATED ENTRY, THE SPT ENTRY CONTAINS A PHYSICAL ADDRESS IN
BITS 12#35, BITS 011 ARE IGNURED BY THE PAGER AND ARE USED AS
A SHARE COUNT BY THE MONITOR, |

CORE STATUS TABLE

IN ORDER TO DYNAMICALLY MANAGE CORE 1IN A VIRTUAL MEMORY
ENVIRONMENT, IT 1§ EXTREMELY IMPORTANT FOR THE MONITOR TO BE
ABLE TO OBTAIN INFORMATION ABOUT THE MEMORY REFERENCES
GENERATED BY USER JOBS, THE CORE STATUS TABLE (CST) IS USED TO
RECORD AND HOLD SUCH INFORMATION,

THE BASE ADDRESS OF THE CST IS HELD IN A PAGER REGISTER (AC
BLOCK 6, WORD 2), TH1S. 1S ADDED TO THE PHYSICAL CORE PAGE
NUMBER FROM A STORAGE ADDRESS TO FORM THE ADDRESS OF THE
ASSOCIATED CST ENTRY, A CST ENTRY IS USED AND UPDATED IN THE
FOLLOWING MANNERj: '

i, FETCH THE CST ENTRY,

2, IF BITS 0»5 ARE 0, THE PAGEII$~INACCE§SIBLE AND A TRAP
TO THE MONITOR IS INITIATED, 5 ' v

3, THE CST ENTRY IS "AND"ED WITH A MASK BEING HELD 1IN A
PAGER REGISTER (CSTMSK, AC BLOCK 6, WORD 0}, '

4, THE RESULT IS IORED WITH THE QUANTITY IN A SECOND PAGER
- REGISTER (CSTDATA, AC BLOCK 6, WORD 1), '
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5, IF THE CURRENT VIRTUAL ADDRﬁSS REFERENCE [S A WRITE
REFERENCE (AND THE ACCESS BITS PERMIT A WRITE), A 1 18
I0RED INTO BIT 35,

6, THE RESULT IS STORED BACK INTO THE CsT,

THIS PROCEDURE ALLOWS THE MONITOR TO SET CERTAIN FIELDS AND
MERGE = OUTHERS, TYPICALLY, ONE FIELD 1S SELECTED AS AN "AGE",
AND A VALUE REPRESENTING TIME I8 SET -INTO THIS FIELD,  THUS
PHYSICAL PAGES MAY BE ORDERED: BY TIME OF LAST REFERENCE,
ANOTHER FIELD IS8 TYPICALLY USED TO RECORD WHAT PRUOCESSES
REFERENCE A PAGE, THIS IS DONE BY ASSIGNING A BIT POSITION TO
EACH ACTIVE PROCESS AND PLACING A 1 IN THAT BIT POSITION IN THE
PAGER DATA WORD, THUS THE CST WORD FOR A PAGE WILL HAVE ONES
IN THE BIT POSITIONS OF EACH OF THE PRUCESSES WHICH REFERENCED
irt, ADDITIONALLY, THE MODIFIED BIT (B35) WILL BE SET IF THE
PAGE HAS BEEN MODIFIED, THE MONITOR NEED NOT SWAP QUT PAGES TO
WHICH ONLY READ REFKRENC&& HAVE BEEN DONE,

POINTER INTERPRETATION FLOW

THE FOLLOWING IS A DESCRIPTION OF THE POINTER INTERPRETATION
ALGORITHM, IN THE FOLLOWING FLOW, THE TERM "USER" REFERS TO
WHETHER AN EXEC OR USER SECTION 18 BEING REFERENCED, THIS 18
THE SAME AS THE PROCESS STATE BIT, EXCEPT ‘UNDER PXCT (WHERE THE
PROCESSOR CAN BE 1IN EXEC MODE WHILE REFERENCING A USER
SECTION), THIS FLOW IS ALSO REPRESENTED BY A FLOW CHART IN THE
FIGURES SECTION OF THIS DOCUMENT

1y INITIALIZE LOCAL PAGER VARIABLES P, W, AND C TO 1,

2, FETCH SECTION POINTER, THE SECTION POINTER IS FOUND IN
THE USER SECTION TABLE IN THE UPT (LOCATION USECT
THROUGH USECT+37) IF THE REFERENCE IS TO A USER
SECTION, AND THE EXEC SECTION TABLE IN THE EPT
(LOCATION ESECT THROUGH ESECT+37) IF THE REFERENCE Is
TO AN EXEC ‘SECTION, CUSECT=F5ECTE44QJ '

3, TRAP IF A NU=ACCESS SECTION FGINTER. A SECTION MAY BE
NON=-EXISTENT FOR THE RUNNING PROCESS, IN WHICH CASE THE
SECTION POINTER WILL BE 0, 'BITS 0=2 OF THE SECTION
POINTER ARE USED AS. A CODE FIELD JUST AS WITH PAGE
POINTERS, CODE 0 IS NO=ACCESS, CODE 1 1S IMMEDIATE,
CODE 2 (SHARE) IS NORMAL SECTION POINTER, CODE 3
C(INDIRECT) MAY ALSO BE USED, OTHER CODES ARE NOT
DEFINED,

4, UPDATE ACCESS BITS, AND P, W, C (LOCAL PAGER
VARIABLES) WITH ~ SECTION  POINTER BITS 3, 4, 6
RESPECTIVELY, v

S, IF THE CODE IN BITS 0=2 IS 1, BITS 23%35 CONTAIN THE
PAGE TABLE ADDRESS, OTHERWISE, FETCH THE PAGE TABLE
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LT

Ts

8,

10,

11,

12.

PHYSICAL ADDRESS, FETCH FROM THE PHYSICAL CORE ADDRESS
GIVEN BY THE SUM OF THE SPT BASE ADDRESS AND THE SPT
INDEX, THE SPT INDEX IS BITS 18=35 OF THE LAST POINTER

FETCHED (A SECTION POINTER OR AN INDIRECT POINTER),

TRAP IF THE PAGE TABLE IS NOT IN CORE, IF THE PHYSICAL
ADDRESS OBTAINED IN STEP 5 DOES NOT CONTAIN O IN BITS
12+17, THEN THE PHYSICAL ADDRESS IS NOT A CQRE ADDRESS
AND A TRAP IS INITIATED, IF THE SECTION PUINTER WAS
INDIRECT, FETCH A NEW SECTION POINTER FROM THIS PAGE
TABLE, THE ENTRY GIVEN BY BITS 9=17 OF THE INDIRECT
POINTER, AND GO T0 3,

CHECK AND UPDATE THE CST FOR THE PAGE TA&LE. FETCH
FROM THE PHYSICAL CORE ADDRESS GIVEN BY THE SUM OF THE
CST BASE ADDRESS AND THE PHYSICAL CORE PAGE NUMBER,.
TRAP IF BITS 0-5 OF THE CST ENTRY ARE 0, OTHERWISE,
AND CSTMSK, IOR CSTDATA, AND STORE THE RESULT BACK INTO
CORE, THE MODIFIED BIT SHOULD NOT BE CHANGED HERE,

FETCH THE PAGE POINTER,. THE PAGE POINTER IS FETCHED
FROM THE PHYSICAL CORE ADDRESS CONSISTING OF THE CORE
PAGE NUMBER OF THE PAGE TABLE IN BITS 14»26, AND THE
CURRENT VIRTUAL PAGE NUMBER IN BITS 27=35, THE CURRENT
PAGE NUMBER CAME FROM VMA BITS 18«26 OR FROM BITS 917
OF THE LAST INDIRECT PQlNTER ‘

UPDATE ACCESS BITS, THE P, W, AND C BITS ARE ANDED
WITH THE RESPECTIVE PAGER VARIABLES,

DISPATCH ON POINTER TYPE,

IF A NO=ACCESS POINTER (CODE 0), INITIATE A TRAP,

IF AN INDIRECT POINTER, (CODE 3) TAKE BITS 917 AS THE
NEW CURRENT PAGE NUMBER, AND TAKE BITS 18=35 AS AN SPT
INDEX IDENTIFYING A NEW PAGE TABLE, LOGP BACK TO STEP
-y | | £
IF A SHARE POINTER, FETCH THE SPT ENTRY GIVEN BY THE
SUM OF THE SPT BASE REGISTER AND BITS 18=35 OF THE
SHARE POINTER,

IF AN IMMEDIATE POINTER, CONTINUE TO STEP 11,

'TRAP IF PAGE NOT IN CORE, IF BITS 12«17 OF THE

PHYSICAL ADDRESS ARE NOT 0, THE ASSOCIATED PAGE 1S NOT
IN CORE AND' A TRAP TO THE MONITOR IS INITIATED,

- CHECK' AND UPDATE THE CST FOR THE PAGE, FETCH FROM THE

PHYSICAL CORE ADDRESS GIVEN BY THE SUM OF THE CST BASE
ADDRESS AND THE PHYSICAL CORE PAGE NUMBER, TRAP IF
BITS 0=5 OF THE CST ENTRY ARE 0, OTHERWISE, AND
CSTMSK, IOR CSTDATA, AND IOR 835 IF A WRITE REFERENCE
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AND W=1, STORE THE RESULT BACK INTO CORE,

13, COMPLETE THE VIRTUAL ADDRESS REFERENCE AND/QR LOAD
PAGING MEMORY,

INITIATE ILLEGAL WRITE TRAP IF WRITE AND NOTeW,
THE PHYSICAL ADDRESS FOR THE REFERENCE CONSISTS OF THE
PHYSICAL CORE PAGE NUMBER IN BITS 14=26, AND VMA BITS
27=35 IN BITS 27=35,

INSTRUCTIONS RELEVANT TO PAGING

SEE CHAP 2,6 OF KL10 FUNCTIUONAL SPECS, KL10 INTERNAL 10
lNSTRUCTIQNS; FOR ADDITIONAL INFORMATION, " ‘

1, LOAD UBR (DATAD PAG,) LUAD EBR (COND PAG,),
2, CLEAR PAGING MEMORY (DATAD PAG, CONO PAG,),

3, CLEAR PAGING MEMORY ENTRY FOR MONITOR VIRTUAL ADDRESS E
(CLRPT E),

4, PAGING ON/OFF (CONO PAG,),
5. DECLARE SPT BASE ADDRESS; CST BASE ADDRESS;  CSTMSK}
CSTDATA, (DONE AS DEPOSITS INTO RESERVED AC BLOCK,)
PAGE FAIL DATA

THE FOLLOWING DATA 1S STORED WHEN A PAGE FAIL TRAP I8
INITIATED: .

1, VIRTUAL ADDRESS OF REFERENCE
2, USER BIT, PUBLIC BIT, WRITE REFERENCE BIT
3, PAGE FAlL CODE

SPECIFIC PAGE FAIL CODES ARE GENERATED AND STORED IN THE PAGE
FALL WQRD FOR THE FULLQWING CONDITIONSS: -

1, PROPRIETARY VIOLATION
2, REFILL ERROR

3, ADDRESS COMPARE

4, PAGE TABLE PARITY ERROR
S, MEMORY DATA PARITY ERROR
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ALL OTHER PAGE FAIL CONDITIONS STORE ONLY THE DATA DESCRIBING
THE REFERENCE (ADDRESS, USER, PUBLIC, WRITE) AND THE SOFTWARE
WiLL DETERMINING THE CAUSE OF TﬂK PAGE FAIL AND THE PROPER
ACTION,
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| KL10 PAGING = WORD FORMATS
SECTION POINTER

THE SECTION POINTER IS FOUND IN THE USER OR EXEC SECTION TABLE,
(PART OF UPT OR EPT,)

SECTION POINTER PROVIDES (VIA THE SPT) THE PHYSICAL ADDRESS OF
THE PAGE TABLE FOR THE GIVEN SECTION,

CODE: 0 NO~ACCESS (TRAP)
1 IMMEDIATE
2 SHARE
3 INDIRECT
4=7 . UNUSED, RESERVED
0123456 18 35

#«qnv§w+uyn$m+qvnnannmnQMnmm@p*wnﬁnwmmqvnnquumﬂnqf
ICODELPIWY ICL/////////} PAGE TABLE IDENTIFIER |
1010 ¢ 4 8 8 8177111717 (SPT INDEX) H

fn«n‘+p+n+q¢n+ﬂnﬂanhvwa&n*nn-mnnan-qpmmwnﬂnmnmqqm+ ’
NORMAL SECTION POINTER (CODE = 2)
0 23456 9 18 ‘ 35

4n-mu+n*w¢n*n*mnn*n-wunmmgqng*unu##mwnnvwmﬁ-upywnnuw'm*
ICODEIPIW] . 2681//$SECTLQN {SECTIUN TABLE IDENTIFIER!
1011 } ¢ § ! 4/// TABLE INDEX} (SPT INDEX) {

*ﬁﬁﬂ'*m+’*ﬂ*ﬂ**"+Q-ﬂﬂﬂﬂﬂﬂm'-f%ﬁﬁﬁ’.’mﬂﬁﬂ#m-ﬂﬂ.pq,’ﬂﬁ.*

INDIRECT SECTION POINTER (CODE = 3)
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PAGE POINTERS
FOUND IN PAGE TABLES
0123456 12 35

*mpnm*wfn*u+g*gwq*+mnmmwnqnm-Qmw-vnmougmn«mqnnqwn+
ICODEIRIW) 1CL/7/7/) PHYSICAL ADDRESS UF PAGE :
1001 4 3 4 Lots///0 | | 'S

*Q"ﬂ*n*Q*mfm*-ﬂmﬁfQﬂ"ﬂ.mnﬁﬂﬂﬂnﬂﬂnﬁQWﬂﬂﬂmﬂmﬁmwnnf
IMMEDIATE POINTER (CODE FIELD = 1)

B12#35 GIVE PHYSICAL ADDRESS OF PAGE |
IF B12=17 >< 0, PAGE NOT IN CORE=TRAP
IF B12=17 = 0, B23-35 GIVE CORE PAGE

| _NUMBER OF PAGE, B18w22 MBZ

0 23 6 .18 35
+q¢qqg*-qpnqng*nwg»~wuan-Qﬁ-wanumquqn'qqm--wwww*
ICUDE )SAME ASL///47/717) SPT INDEX :
1010 | IMMED,}//2/7/77/7/} o :

¢wnwma*quw#vp*mmmoumnﬂw+umn-nmnwnumumwmmﬂmnﬂﬂmn«*

SHARED PDINTER (CODE FIELD # 2)

B18=35 GIVE SPT INDEX (SPTX). SPTX ¢ SPT BASE
ADDRESS ‘= PHYSICAL CORE ADDRESS OF WORD
HOLDING PHYSICAL ADDRESS OF PAGE,
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0123 6 9 17 18 35

+vwnn+p~nqnw-m+wuq+ngqvanQQOOQ-qmﬂonqnqnq,o.nwm§

!CUDEISAME AS 1///! PAGE | PAGE TABLE LDENTIFIER]
4011 | IMMED, !///!NUMBER } (SPT. INDEX) :

+Q.Q¢*@RQU"NQ+Q‘ﬂ*‘ﬂﬂ"'ﬂ*M.ﬂﬂﬂﬂﬂﬂﬂﬁwnﬂﬁmmnﬂﬂhﬂﬂ*
INDIRECT POINTER (CODE FIELD # 3)

THIS POINTER TYPE CAUSES ANUTHER POINTER TO BE FETCHED
AND INTERPRETED, THE NEW POINTER IS FUOUND IN WORD N
(B9=17) OF THE PAGE ADDRESSED BY C(SPT + SPTX),

SPT ENTRY
FOUND IN THE SPT, I,E,, WHEN FETCHING C(SPT +SPTX)
12 | 35

tmﬁnﬂvnquowwnmwnmnmqf«wmmwp-vnnq-wp-nnmqwnnwnnﬁhf
A1 L177 /4704774777777 PHYSICAL ADDRESS 'UF PAGE |
8112177027777 727742/77% OR PAGE TABLE H

A 0 W A
B12+35 GIVE“?HXSICAL'ADQRE$S~GF PAGE,

THE BASE ADDRESS (PHYSICAL CORE ADDRESS) OF THE SPT
RESIDES IN ONE AC OF THE RESERVED AC BLOCK,
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PHYSICAL S8TORAGE ADDRESS
FOUND IN B12+35 OF IMMEDIATE POINTERS: AND SPT ENTRIES,

12 17 18 23 35
+ﬂm-mwnnnn*v-mq+nmq*anqmmn*-wn-nQQ
! IMBZ | CORE PAGE NUMBER!
b ! {  IF Bi2=17 % 0 |

T o O -

IF B12~17 % 0, THEN B23»35 ARE CORE PAGE NUMBER (I1,E,.,
B14~26 OF PHYSICAL CORE ADDRESS) OF PAGE AND B18=22
MBZ, 1IF B12~17 >< 0, THEN ADDRESS IS NOT CORE AND

PAGER TRAPS,

CORE STATUS TABLE ENTRY
FOUND WHEN FETCHING C(CBR + CORE PAGENO)

0 5 32 34 35
+Q.MDQ’**.’”QQﬂm’#ﬂﬂ'#'ﬂ"ﬂﬂ-mﬂﬂmﬂﬂﬂmﬂﬂn*ﬂ*nwﬂﬂ*ﬂf
! CODE | ' ‘ iMd

Rt L L L ey s
BOe5  ARE CODE FIELD?

0 = UNAVAILABLE, TRAP

177 = AVAILABLE

B3234 RESERVED FOR FUTURE HARDWARE SPECIFICATION,
B35 IS "MODIFIED" BIT, SET ON ANY WRITE REF TO PAGE,

WHENEVER A CORE PAGE NUMBER (PHYS, ADR WITH B12=1730)
1s FOUND DURING POINTER INTERPRETATION, THE CST WORD AT
CBR ¢« CORE PAGENO IS5 UPDATED AS FOLLOWS:

1, FETCH C(CBR+CORE PAGENOD)

2, TRAP 1IF BO=5 =0

3, AND WITH MASK FROM RESERVED AC BLOCK.
4, 10UR WITH DATA FROM RESERVED AC BLOCK
5, I0R B35 IF WRITE REFERENCE '
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QUANTITIES IN HARDWARE REGISTERS (RESERVED AC BLOCK)
SPT SPT BASE REGISTER
14 35

"

H PHYSICAL CORE WORD ADDRESS |

*nwmmmnmunuﬂw*wﬂammmnnwﬂuﬂmuﬁ*nwn+

CBR CST BASE REGISTER
14 35

l ?HYSICA& CURE WURD ADDRESS i

##mmwnﬂwmnnw.qquunqmuumv*um--wﬂQ¢*

CSTMSK CST UPDATE MASK

0 o 32 35
Qwqmnuw»wuwuwmwgnu.-wnumwunm-nnwanvnunm-nn+nm¢§-§
! MASK 1111414

*naqwmqnpnqwuqmw'*ﬁmpmnmﬂmmwuqon?muh-qunnn*nmw+-+
ANDED WITH CST WORD DURING UPDATE
(B32«35 MUST BE ALL 1'S TO PRESERVE EXISTING QSW INFORMATION)

CSTDATA CST UPDATE DATA

0 : 32 34 35
#nuumn-annm-qpunﬂnnm-unq-ym-nn-qn*&-nunuwn*m%n*.#
} DATA 100010}

*W'ﬂﬂﬂ,ﬂw‘ﬂﬂ?*'ﬂnﬂ”ﬁﬂﬂﬂ!'Q'Q-ﬂ'-*ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ*ﬂﬂﬂ+‘+
IORED WITH CST WORD DURING UPDATE
(B32~35 MUST BE ALL 0'S TO PRESERVE EXISTING CST INFORMATION)

ALL UNSPECIFIED BITS AND FIELDS ARE RESERVED FOR FUTURE
SPECIFICATION BY DEC,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAPF 2,8 PAGE. 185
COMPANY CONFIDENTIAL = KL10 PAGING =~ REV 2 '

HERE WHEN PAGING CACHE
REQUIRES TRANSLATION INFORMATION

i
.

AL L L L XX ALY 2T SYMBOL. MEANING

! VMAC13=17>=>SECT NOj !
| VMAL18=26>=>PAGE NOj I

-
-~

> "GDES TO"
"ANDED wWITH"

£1 => P 1 => W3 |1 > Ci v "ORED WITH"
O ' "CONCATENATED WJTH”
: + "ADDED TO" ,
\ cC ) THE WORD WHQSE PHYSICAL
/ \ ' ADDRESS IS GIVEN BY THE

YES / USER \ NO
rmmmmm AQDRESS \mmwmmg

LUSER \ ? / EXEC!
i \ / i
| AN }
: v !

o e N .
| C(UBR'USECT+ | } C(EBR'ESECT+ !
{SECT NO) => AR{ !SECT NO) => AR}

bt LI S L LS ST YRR T PR TR Y T s

! : !

2 ad L2 Ll L LI I I RE T I LT T T LY LYY Py

1
.

v
o -
! ARCO=2> => TYPE; |
I P ™ ARC3> => P
1 W " ARC4> => W3
! C ™ AR<E> => (3
! TEST TYPE
+

!

+ F RN —

v
O D AT T o e
'TYPE=4=T7 ITYPESO {TYPER] I1TYPE=2 LTYPE=®3
' ! {IMMEDIATE | SHARED LINDIRECT
UNDEFINED: 1} ! L T LT Y T | A0 - -
' v / INDIRECT \/! {ARCY=17> =>SECT NOj !
TRAP \ ‘PAGE /} ! C(SBR+ARC18=35>) |
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APPENDIX I = EPT/UPT SYMBOLS USED
ESECT = 440 SECTION TABLE FOR EXEC SECTIONS 0=37
USECT = 440 SECTION TABLE FUR USER SECTIONS 0+37

APPENDIX II

THE FOLLOWING DISCUSSES SOME OF THE DESIGN AND IMPLEMENTATION
ISSUES OF THE PAGER, ‘

CACHED PAGING DATA

THE KL10 HAS A "PAGING MEMORY" WHICH HOLDS VIRTUAL=TO=PHYSICAL
MAPPING INFORMATION, THIS IS EFFECTIVELY A CACHE OF PAGING
DATA WHICH HAS BEEN FETCHED FROM MEMORY AND/OR DETERMINED BY
POINTER INTERPRETATION, NOTE, HOWEVER, THAT IT IS TOTALLY
DISTINCT FRUM THE MEMORY CACHE, USUALLY REFERRED TO AS SIMPLY
"THE CACHE", WHEN A VIRTUAL ADDRESS REFERENCE 1S REQUESTED,
THE PAGING MEMORY IS FIRST CHECKED TO- SEE IF THE CORRESPONDING
PHYSICAL ADDRESS IS PRESENT, IF 1T 18, THE REFERENCE CAN
PROCEED WITH NO DELAY, 1IF IT IS NOT, THE DATA MUST BE OBTAINED
FROM CORE, : S ‘

THE KL10 PAGING MEMORY 1S IMPLEMENTED AS A TABLE WITH ONE ENTRY
FOR EACH OF THE 512 PAGES OF THE VIRTUAL ADDRESS SPACE, (THE
KI10 IMPLEMENTED THE EQUIVALENT FUNCTION WITH ASSOCIATIVE
MEMORY,) THE USER AND EXEC ADDRESS SPACES USE THE SAME 512
ENTRIES, BUT THE INDEX 1S OFFSET DIFFERENTLY SO AS TO REDUCE
CONFLICTS, AT ANY TIME THEN, THE PAGING MEMORY WILL BE HOLDING
MAPPING INFORMATION FOR MOST OF THE PAGES ACTIVELY BEING USED
BY THE RUNNING PROGRAM, WHEN THE MONITOR TAKES ANY ACTION
WHICH WOULD INVALIDATE SOME EXISTING VIRTUALTO-PHYSICAL
ADDRESS ASSOCIATIONS, THE PAGING MEMORY MUST BE PARTIALLY OR
COMPLETELY CLEARED, SUCH CASES INCLUDE3

1, CHANGE ak\uﬁma PROCESS = THE ENTIRE USER ADDRESS SPACE
CHANGES, SO THE ENTIRE PAGING MEMORY MUST BE CLEARED,

2, REMOVAL OF ONE PAGE FROM CORE OR REMOVAL OF A POINTER.
FROM THE USER PROCESS PAGE TABLE = THE ENTIRE PAGING
MEMORY MUST BE CLEARED SINCE SHARED AND INDIRECT
POINTERS MAY HAVE CAUSED THE ONE FPHYSICAL PAGE TO
APPEAR IN SEVERAL VIRTUAL PAGES,

3., IN SOME CASES, THE MONITOR WILL MAP A PAGE INTO THE
EXEC MAP: FOR LOCAL USE, WHEN THIS PAGE 15 UNMAPPED,
ONLY THAT ONE ASSOCIATION NEED BE (CLEARED FROM THE
PAGING MEMORY, THE PAGER PROVIDES A FUNCTION TO CLEAR
THE ASSOCIATION FOR A PARTICULAR VIRTUAL ADDRESS, THIS
MAY BE USED IN T&Iﬁ:GASE'Tﬂ‘RﬁﬂﬂgﬁgﬁgﬂﬁﬁQﬁﬁﬂTrRELﬂkﬁ
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QVERHEAD,

IN KL10 PAGING MODE, WHEN THE PAGING MEMORY FAILS TO CONTAIN
- THE DATA FOR THE REQUESTED VIRTUAL ADDRESS, A SPECIAL TRAP IN
THE MICROCODE OCCURS, AFTER SAVING VULNERABLE ACTIVE EBOX
DATA, THE. MICROCODE.  INVOKES THE  POINTER TRACING AND
INTERPRETATION ALGORITHM ‘DESCRIBED ABOVE, IF THE POINTER
INTERPRETATION YIELDS A VALLID CORE ADDRESS, IT AND THE ACCESS
INFORMATION ARE LOADED INTO THE PAGING MEMORY, THEN THE EBUX
ACTIVE REGISTERS ARE RESTORED AND THE ORIGINAL MEMDRY REFERENCE
IS REQUESTED AGAIN, '

THE PAGER 1S REQUIRED TO MAINTAIN THE MODIFIED BIT IN THE CORE
STATUS TABLE, THIS MEANS THAT THE FIRST WRITE REFERENCE TO A
PAGE MUST BE DETECTED EVEN IF PREVIOUS READ REFERENCES HAVE
BEEN MADE, THE MICROCODE IMPLEMENTS. THIS AS FOLLOWS:

ON A PAGING MEMORY RELOAD, THE WRITE ACCESS (w) BIT IS
SET IN THE PAGING MEMORY ONLY IF THE CURRENT MEMORY
REFERENCE 18 A WRITE (AND WRITE I8 LEGAL FOR THE PAGE),
THUS IF THE FIRST REFERENCE TO A PAGE IS READ, THE W
BIT IN THE CORRESPONDING PAGING MEMORY ENTRY WILL BE
SET TO 0, AND A SBSEQUENT WRITE REFERENCE WILL CAUSE
ANOTHER TRAP TO THE MICROCODE, ON THIS SECOND TRAP,
THE POINTER INTERPRETATION WILL BE REPEATED AND THE
PAGING MEMORY RELOADED, THIS TIME WITH THE W BIT SET,

1T HAS BEEN SUGGESTED THAT THE MICROCODE COULD USE THE UNUSED
BIT (FORMERLY THE 8§ BIT) IN THE PAGING MEMORY TG RECORD WHETHER
OR NOT THE PAGE IS WRITABLE AND THEREBY AVOID THE SECOND
POINTER TRACE 1IN THE WRITE=AFTER=READ CASE, THE PERFORMANCE
IMPROVEMENT APPEARS TO BE VERY SMALL HOWEVER AND AT PRESENT
DOES 'NOT BSEEM WORTH THE ADDITIONAL MICROCODE WHICH WOULD BE
REQUIRED, : '

CACHE CONSIDERATIONS

IN A ONE=CPU CONFIGURATION, IT DOES NOT MATTER LOGICALLY
WHETHER MICROCODE PAGING REFERENCES ARE CACHED, SINCE THE
PAGING MEMORY IS AVAILABLE TO HOLD PAGING DATA, IT WOULD SEEM
REDUNDANT TO ALSO HOLD PAGE POINTERS IN THE CACHE, ALSO, IT
APPEARS. UNLIKELY THAT REFERENCES. ARE MADE TO PAGE POINTERS VERY
- OFTEN, ON THE OTHER HAND, THE SECTION 0 SECTION POINTERS (EXEC
AND USER) AND THE ASSOCIATED SPT WORDS ARE REFERENCED ON EVERY
PAGE MEMORY RELOAD, HENCE, IT IS UNCLEAR WHETHER A PERFORMANCE
ADVANTAGE IS OBTAINED BY CACHING OR NOT CACHING PAGE REFILL
REFERENCES, . -

MULT1«CPU CONSIDERATIONS

IN A MULTI=CPU CONFIGURATION USING KL10S, EACH PROCESSOR WQULD
HAVE ITS OWN PAGING MEMORY, AND IN GENERAL, ALL OF THEM MUST BE
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CLEARED ON ANY EVENT WHICH REQUIRES CLEARING UNE. “ THEREFORE
THE MONITOR MUST HAVE A SIGNAL MECHANISM TO QUICKLY REQUEST THE
OTHER PROCESSORS TO EXECUTE THE APPROPRIATE PAGER INSTRUCTIONS, .

THE CODE FIELD OF THE CORE STATUS TABLE MAY BE USED TO PREVENT
ACCESS TO CERTAIN PAGES BY OTHER PROCESSORS WHEN ONE PROCESSOR
BEGINS SOME HOUSEKEEPING FUNCTION ON THOSE PAGES  (E.G,,
SWAPPING OUT TO DISK), 1IT DOES NOT, HOWEVER, PROVIDE ANY
MECHANISM TO LIMIT ACCESS TO EXACTLY ONE PROCESSOR,

IN A MULTI»CPU CONFIGURATION, THE SEVERAL PROCESSORS WILL BE
UPDATING THE CORE STATUS TABLE SIMULTANEOUSLY, AND SOME
MECHANISM (E,G,, READ*PAUSE=WRITE) MUST BE USED TO ENSURE THAT
DATA IS NOT LOST BECAUSE OF TWO PROCESSORS SIMULTANEOUSLY
UPDATING THE SAME ENTRY, OBVIOUSLY, MICROCODE CST REFERENCES
CANNOT BE CACHED, AND THE MONITOR MUST ENSURE THAT PROGRAM
REFERENCES TO THE CST ARE ALSO NOT CACHED,

IT 1S DESIRABLE THAT ALL MICROCODE PAGING REFERENCES BE
UNCACHED 1IN A MULTI=CPU CONFIGURATION, UTHERWISE THE SOFTWARE
"MUST DO A CACHE CLEAR ALSO EVERY TIME. IT DOES A PAGING MEMORY
CLEAR OF ANOTHER PRQCES&BR, ‘

DIVISION OF EXEC ADDRESS SPACE

TYPICALLY THE MONITOR USES AREAS OF THE EXEC ADDRESS SPAQE IN
DISTINCT WAYS:

1. SYSTEMeWIDE CODE AND DATA, EeGoer TRE MONITOR CODE,
SCHEDULER AND SWAPPER DATA ﬁASﬁﬁa ETC,

2, PER=JOB DATA, E,G,, OPEN FILE DATA, FOURK STRUCTURE
: DATA, EIC, ‘

3, PER~PROCESS DATA, E,Gsr LOCAL STACK, LOCAL VARIABLES,
ETC, ' ”

IN ADDITION TO PERMANENT CONTENTS, EACH OF THESE AREAS WILL
ALSO. HAVE. FILE OR PRQC&SS PAGES DYNAMICALLY MAPPED IN AS
NEEDED,

THE INDIRECT POINTER MECHANISM MAY BE USED TO CQ&FIGHHE THE
EXEC ADDRESS SPACE IN THIS MANNER, AND IT DOES NOT REQUIRE THAT
ANY BOUNDARIES BE WIRED INTQ HARDWARE (AS ON THE KIio, EXEC
PAGES 340=377), TO IMPLEMENT THE DIVISION ABOVE, THE MONITOR
WOULD HAVE THREE PARTIAL PAGE TABLES:

1s THE SYSTEM MONITOR MAP RESIDING IN RESIDENT STORAGE;
2, THE JOB MAP RESIDING IN A PAGE SWAPPED WITH THE JOBj

3, THE PROCESS MAP RE&IQING IN A PAGE SWAPPED WITH THE
PROCESS,
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THE THREE MAPS WOULD COVER MUTUALLY EXCLUSIVE AREAS OF THE
MONITOR ADDRESS SPACE, EACH WOULD HAVE AN SPT SLOT ASSIGNED TO
HOLD ITS PHYSICAL CGRE ADDRESS,

ALL POINTER TRACES WOULD FIRST REFERENCE THE SYSTEM MONITOR MAP
AFTER HAVING INTERPRETED THE EXEC. SECTION O PQINTER, FOR
SYSTEM=WIDE PAGES, THE MAP WOULD CONTAIN A NORMAL PAGE POINTER
TO0 THE APROPRIATE PAGE, FOR PER~JUB PAGES, THE MAP WOULD
CONTAIN AN INDIRECT POINTER TO THE JOB MAP, AND FOR PER=PROCESS
PAGES, THE MAP WOULD CONTAIN AN INDIRECT POINTER TO THE PROCESS
MAP, IN ORDER TO AVOID CHANGING ALL OF THE PER=JOB AND
PER»?RQCE&S POINTERS ON A CONTEXT SWITCH, TWO SPT ENTRIES WOULD
BE RESERVED FOR THE P“CURRENT" JOB MAP AND PROCESS MAP
ADDRESSES, AND THE JOB AND PROCESS POINTERS WOULD ALWAYS USE
THESE RESERVED ENTRIES, THAT IS, WHEN ANY PRUCESS IS STARTED,
1IS JOB. MAP 'CORE ADDRESS IS COPIED INTO THE RESERVED JOB SPT
ENTRY, AND ITS. PROCESS MAP CORE ADDRESS IS COPIED INTO THE
RESERVED PROCESS SPT ENTRY, THESE SPT ENTRIES BECOME IN EFFECT
IWO BASE REGISTERS FOR THE TWO MAPS, AND THE MONITOR MUST SET
THEM JUST AS THOUGH THEY WERE IMPLEMENTED IN ﬁARQ%AREq "

[END OF KLPAG,SPC)
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ABSTRACT

ALL HARDWARE DEFINED ADDRESSES IN THE SYSTEM (EXCEPT THE RH20)
ARE DEFINED WITHIN TWO PAGES, CALLED THE EXEC PROCESS TABLE
(EPT) AND USER PROCESS TABLE (UPT), EACH CPU IN THE SYSTEM
USES A DIFFERENT PAGE FOR THE EPT, EACH PROCESS IN THE SYSTEM
USES A DIFFERENT PAGE FOR THE UPT, o
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LAYOUT OF THE EXEC AND USER PROCESS TABLES (EPT + UPT),

0, CONTENTS
1. GOALS
2, INTRODUCTION
3. CHANGES FROM KI10
‘4, CHANNEL LOGOUT AREA
5, DTE20 COMMUNICATION AREA
7, HALT STATUS AREA
7. PAGING
8, KI=STYLE PAGE TABLE ENTRIES
9, SECTION TABLE ENTRIES
10, USER PROCESS TABLE
11, EXEC PROCESS TABLE

1y GUALS
1, NO BUILT=IN HARDWARE PHYSICAL OR VIRTUAL ADDRESSES.,

2, ONE INSTRUCTION PROCESS CONTEXT SWITCH, NOT COUNTING
AC'S AND PC, ’

3,  HANDLE CLOSELY COUPLED MULTI-PROCESSOR SYSTEMS,
4, BE COMPATIBLE WITH KI, EXCEPT WHERE IMPORTANT,
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2, INTRODUCTION

ALL OF THE ADDRESSES DEFINED BY THE HARDWARE (EXCEPT THE RHZ20)
ARE DEFINED AS FIXED OFFSETS WITHIN ONE OF TWO PAGES, CALLED
EXEC: PROCESS TABLE (EPT) AND USER PROCESS TABLE (UPT),  EACH
CPU HAS TWO PRIVILEGED BASE REGISTERS, EXEC BASE REGISTER (EBR)
AND USER BASE REGISTER (UBR), EACH BASE REGISTER SPECIFIES THE
PHYSICAL PAGE NUMBERS (ADDRESS BITS 14+26) OF THE EPT AND UPT
FOR THAT CPU, NO DEVICES HAVE BUILT«IN PHYSICAL, EXEC VIRTUAL
OR USER VIRTUAL ADDRESSES WITH THE EXCEPTION OF THE USER UUO
TRAP ADDRESS, THUS THE HARDWARE IMPOSES NO RESTRICTIONS ON THE
EXEC OR USER VIRTUAL ADDRESS SPACES AﬁQ"PERﬁliﬁ«Wﬂﬁ SYSTEM TQ
RUN WITH ANY COMBINATION OF PHYSICAL MEMORY MODULES, THE RH20
15 AN EXCEPTION ONLY BECAUSE IT WAS DESIGNED BEFORE ALL. OF THE
OTHER DEVICES, ON THE RH20 THE SOFTWARE LOADS. AN INTERRUPT
ADDRESS WHICH CAN BE ANYWHERE IN EXEC VIRTUAL PAGE o, ﬁACﬂ“E?T
CONTAINS VARIABLES ASSOCIATED WITH EACH CPU IN THE SYSTEM,
EACH CPU. USUALLY LOADS ITS EBR ONLY ONCE WHEN THE SYSTEM 18
STARTED, EACH UPT COUNTAINS VARIABLES -ASSOCIATED WITH EACH
PROCESS 1IN THE SYSTEM, EACH CPU LOADS ITS UBR EVERY TIME IT
RUNS A NEW PRUCESS, SEE CHAPTER 2,7, INTERNAL DEVICES (APR,
Pl; ?AG): } - » ‘ -

3, CHANGES FROM KI10

THE FOLLOWING FIGURES SHOW THE EPT AND UPT WHEN RUNNING WITH
EXTENDED ADDRESSING TURNED OFF (SEC = 0) AND WHEN IT IS TURNED
ON (SEC ®:1), WHEN SEC = 0 THE PROCESS TABLES LOUK VERY MUCH
LIKE THE KI10's PROCESS TABLES, THE USER PROCESS TABLE DIFFERS
FROM THE KI10 PROCESS TABLE IN LOCATIONS 420, 426, 427 AND 500,
LOCATION 420 NOW RECEIVES THE "USER & EXEC PAGE FAIL WORD"
INSTEAD OF CONTAINING THE "USER PAGE FAILURE TRAP INSTRUCTION",
LOCATION 426 NOW RECEIVES THE "PC WURD OF THE PAGE FAIL"
INSTEAD OF THE "EXEC PAGE FAILURE WORD", LOCATION 427 LOADS
THE "PAGE FAIL NEW PC WORD" INSTEAD OF THE "USER PAGE FAILURE
WORD", THESE CHANGES REFLECT THE DESIRE TO HANDLE EXEC AND
USER PAGE FAULTS SIMILARLY, IT ALSO DOES NOT SEEM NECESSARY T0
CONTINUE TO HAVE THE GENERALITY OF ALLOWING ANY  TRAP
INSTRUCTION TO BE EXECUTED ON A PAGE FAULT, LOCATION $00
RECEIVES THE "PREVIOUS CONTEXT SECTION AND CWSX®,
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4, CHANNEL LOGOUT AREA

THE EXECUTIVE PROCESS TABLE DIFFERS FROM THE KI10'S  IN
LOCATIONS 000«037 AND 60*17, LOCATIONS 000+037 COMPRISE A 40
WORD AREA WHICH ARE USED BY THE KL10 BUILT=IN DATA CHANNELS,
EACH OF THE 8 DATA CHANNELS WILL HAVE A FOUR WORD BLOCK FROM
THIS AREA, CHANNEL 0 IS ASSIGNED LOCATIONS 0=3, CHANNEL 2
LOCATIONS 4=7, ETC, WORD 0 OF EACH 4 WORD CHANNEL BLOCK IS THE
INITIAL CHANNEL COMMAND WORD, WORD 1 RECEIVES ERROR STATUS AND
THE COMMAND. LIST POINTER ON ERRORS, WORD 2 RECEIVES THE LAST
WORD COUNT AND ADDRESS, WORD 3 IS RESERVED FOR FUTURE USE BY
HARDWARE,  SEE CHAPTER 4,1, MASSBUS CONTROLLER (RH20) AND
CHANNELS (MBOX), |

5y PDP=1l INTERFACE COMMUNICATION AREA (3?&29)

LOCATIONS 60=77 COMPRISE A 20 WURD AREA WHICH Is USED BY THE
DTE20 (10711 INTERFACE), EACH OF THE 4 DTE20'S HAS A BLOCK OF
FOUR WORDS FROM THIS AREA ALLOCATED FOR 1ITS. USE, CURRENTLY
ONLY THREE OF THE FOUR LUOCATIONS ASSIGNED TO A DTE20 ARE BEING
USED, THE THREE LOCATIUNS HOLD AN "IN BYTE POINTER", "OUT BYTE
POINTER", AND AN "INTERRUPT VECTOR", LOCATIONS 100e177 ARE
RESERVED FOR FUTURE USE BY HARDWARE, - [KI3 60=177  ARE
AVALILABLE TO SOFTWARE,] LOCATION 420 IS NO LONGER THE "EXEC
PAGE FAIL TRAP INSTRUCTLQN“ IT 15 RESERVED FOR FUTURE USE,
SEE CHAPTER 4,3, FRONT END IﬁTERFACE (DTE20), ‘

6, HALT STATUS AREA

LOCATIONS 424~427 WILL COMPRISE A PROCESSOR "HALT STATUS AREA",
LOCATION 424 WILL CONTAIN THE HALT INSTRUCTION OR ALL ZEROES
DEPENDING ON WHETHER A HALT INSTRUCTION WAS EXECUTED OR THE
PDP11 TURNED OFF THE PROCESSURS RUN FLOP, LUCATION 425 WILL
CONTAIN THE VALUE OF THE PC WORD AT THE SAME TIME THE MACHINE
WAS HALTED, LOCATIONS 426427 WILL CONTAIN TWO WORDS. OF
PROCESSOR STATUS, SEE CHAPTER 2,5, MISCELLANEOUS OPCODES,

LOCATIONS 501+577 OF THE USER PROCESS TABLE, AND 100=177 OF THE
EXEC PROCESS TABLE HAVE BEEN RESERVED FOR FUTURE USE BY THE
HARDWARE SO THAT A PLACE WILL BE AVAILABLE TO ADD NEW FEATURES
TO THE SYSTEM, THIS WAS DONE BECAUSE LUCATIONS 000=177 AND
400=577 ARE THE ONLY AREAS OF THE PROCESS TABLES THAT THE
MICRO-CODE CAN ACCESS DIRECTLY, (KI: 500577 OF THE UPT ARE
AVAILABLE TO SOFTWARE,] |
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Te F&GING

PAGE TABLE ENTRIES CONTAIN A NEW BIT CALLED THE CACHE BIT,
WHEN THIS BIT IS TURNED ON THE PROCESSOR WILL LOAD THE CACHE ON
READS AND WRITES, WHEN IT IS TURNED OFF THE PROCESSOR WILL NOT
LOAD THE CACHE ON READS AND WRITES UNLESS THE DATA 1S ALREADY
IN THE CACHE, WHEN SEC = 0 THE PAGE TABLE ENTRIES ARE KI=STYLE
HALFWORD ENTRIES, WHEN SEC % 1 THE PAGE TABLE ENTRIES ARE FULL
WORD ENTRIES, SEE CHAPTER 2.8, PAGING,  [BREADBOARD:  ALL
PAGETAELE=E&TRIE$ ARE HALFWORD], “ ’ ’

WHEN SEC = 1| THE PROCESS TABLES ARE THE SAME AS THE SEC = 0
PROCESS TABLES EXCERPT THAT THE PAGE TABLE ENTRIES ARE MISSING,
THE SEC = | PROUCESS TABLES CONTAIN SECTION TABLE ENTRIES IN
LOCATIONS 440~477 OF THE USER PROCESS TABLE, THE FORMAT OF A

» SECTIQN TABLE ENTRY IS SHOWN BELOW,

EACH SECTION TABLE ENTRY TAKES ONE PDP10 WORD, SECTION. TABLE
ENTRIES FOR EXEC SECTIONS APPEAR IN BOTH THE USER AND EXECUTIVE
PROCESS TABLES, LOCATIONS 400417 OF THE EXECUTIVE PROCESS
TABLE HOLDS. SECTIBN TABLE ENTRIES FUR EXEC SECTIONS 00=17,
LOCATIONS 400417 OF THE USER PROCESS TABLE HOLDS SECTION TABLE
ENTRIES FOR EXEC SECTIONS 20»37, THIS AREA IS SIMILAR TO THE
PER ‘PROCESS. AREA OF THE K110 PROCESS TABLE EXCEPT THAT THE KL1O
CAN PRUVIDE ACCESS TO A MUCH LARGER AMOUNT OF CORE (4,000,000
WORDS) , LOCATIONS 440-477 OF THE USER PROCESS TABLE HOLDS
SECTION TABLE ENTRIES FOR USER SECTIONS 00=37,
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8, KI=-STYLE PAGE TABLE ENTRIES (SEC # 0) PAGE TABLE ENTRIESS
DATA FOR EVEN VIRTUAL PAGES:

0 ACCESS BIT (A)
1 PUBLIC BIT (P)

2 WRITABLE BIT (W)
3 SOFTWARE BIT (S)
4 CACHE BIT (C)

S#17  PHYSICAL PAGE NUMBER (ADDRESS BITS 14=26)

DATA FOR ODD VIRTUAL PAGES:

18 ACCESS BIT (A)
19 PUBLIC BIT (P)
20 WRITABLE BIT (W)
21 SOFTWARE BIT ()
22 CACHE BIT (C)

2335 PHYSICAL PAGE NUMBER (ADDRESS BITS 14=26)

SEE CHAPTER 2,8, PAGING FOR A DESCRIPTION OF KLR&TXL& PAGING, .
[NOT Iﬁ ER&AQBQARQ).
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9, SECTION TABLE ENTRIES (FULL WORD):.
0 ACCESS BIT (A)
1*13  UNUSED

14+-27 PHYSICAL HALF PAGE ADDRESS, THIS ADDRESS

PAGE 7

)

THE ADDRESS OF A PAGE WHICH CONTAINS THE PAGE
TABLE WITH FULL WORD ENTRIES FOR THIS SECTION,
SEE  CHAPTER 2,8, PAGING,  (BREADBOARD3THIS
ADDRESS IS A HALF PAGE ADDRESS AND THE PAGE

TABLE ENTRIES ARE HALF WORD: ENTRIES,

THE PAGE

TABLE CAN BE IN EITHER THE FIRST OR SECOND HALF
OF A PAGE FRAME,]) THE PAGE TABLE FOR A SECTION

1S COMPLETELY DISASSOCIATED FROM THE

PROCESS TABLE (UPT),
28=35  UNUSED

USER
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10, USER. PROCESS TABLE (UPT)

Q=377

400417

420

421
422
423
424

425

426

427

430
431

432

SEC ® 0: USER PAGE TABLE WITH HALF WORD ENTRIES, ONE
FOR EACH OF THE $12 VIRTUAL PAGES OF A USER PROCESS
WITH NO EXTENDED ADDRESSING, o | T

SEC = 13 AVAILABLE TO SOFTWARE,

SEC = 03 HALF WORD PAGE TABLE ENTRIES WHICH MAPS EXEC
PAGES 340 THROUGH 377 ON A PER PROCESS BASIS, THE PER
PROCESS EXEC MAPPED REGION IS USED BY THE OPERATING
SYSTEM TO MAP PER 'PROCESS DATA, SUCH A5 OPERATING
SYSTEM PER-PROCESS VARIABLES AND THE UPT ITSELF,

SEC = 13 SECTION TABLE ENTRIES FOR EXEC SECTIONS
20*37,, THUS EXEC SECTIONS 20#37 AR& MAFPED ON A PER
PROCESS BAS1S, WHEN SEC = 1, THERE ARE EG PER PROCESS
PAGESERAPREBTFBR axmo'sacmxasaaﬁﬁcmaﬂsagxcwnﬂgﬁssaxzxgw
PAGES,

EXEC AND USER PAGE FAIL WORD STORED HERE ON A PAGE
FAULT (KI: USER PAGE FAIL TRAP INSTRUCTION) |

USER ARITHMETIC OVERFLOW TRAP INSTRUCTION
USER PUSHDOWN OVERFLOW TRAP INSTRUCTION
USER TRAP=3 TRAP INSTRUCTION

MUUO STORED HERE WHEN AN MUUO IS EXECUTED IN USER OR
EXEC MODE -

PC WORD OF MUUO STORED HERE WHEN AN MUUD 1S EXECUTED IN
USER OR EXEC: MODE '

PC WORD OF PAGE FAIL WORD STORED HERE ON A PAGE FAULT
IN USER QR EXEC MODE [KIt EXEC PAGE FAIL WORD STORED
HERE) ' ‘

PAGE FAIL NEW PC WORD PICKED UP FROM HERE ON A PAGE
FAULT FROM USER OR EXEC MODE (KI: USER PAGE FAIL WORD

'STORED HERE]

KERNEL NEW MUUO PC' WORD WHEN NOT EXECUTED IN A TRAP
LOCATION | |

KERNEL NEW MUUO PC WORD WHEN EXECUTED IN A TRAP
LOCATION ~

SUPERVISOR NEW MUUO PC WORD WHEN NOT EXECUTED IN A TRAP
LGCATIGN» ' ‘ ) '
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433
434
435
436
437

440477

500

501=577

600777

SUPERVISOR NEW MUUO PC WORD WHEN EXECUT&D IN A TRAP
LOCATION

CONCEALED NEW MUUC PC QQRD WHEN NOT EXECUTED IN A TRAP
LOCATION

CONCEALED NEW MUUO PC WGRD WHEN EXECUTED IN A TRAP
LOCATION

PUBLIC NEW MUUQ PC WORD WHEN NOT EXECUTED IN A TRAP
LOCATION

PUBLIC NEW MUUO PC WORD WHEN EXECUTED IN A TRAP
LOCATION .

SEC = 03 AVAILAB&& TO SOFTWARE
SEC ® 1i SECTION TABLE ENTRIES FOR USER SECTIONS
0=37 {KI; AVAILABLE TO $SOFTWARE] '

CURRENT AC BLOCK # (CAC), PREVIOUS AC BLOCK # (PAC),
PREVIOUS CONTEXT SECTION (PCS) AND CALLED WITH SECTION
EXECUTE (CWSX) IS STORED HERE ON AN MUUD EXECUTED IN
USER OR EXEC MODE, [KIs AVAILABLE TO SOFTWARE), SEE
CHAPTER 2,11, CALLING THE MONITOR (MUUO, PXCT)

RESERVED FOR FUTURE USE BY HARDWARE CKI,- AVAILABLE TO
SOFTWARE]

AVAILABLE TO SOFTWARE
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1,
0+37

40
41
42#517
60=77

100177

200+377

400-417

420

421

~EXEC PROCESS TABLE (EPT)

4 WORD DATA CHANNEL LOGOUT FOR EACH OF THE 8 BUILT=IN
DATA CHANNELS, SEE CHAPTER 4,1, MASSBUS CONTROLLER
(RH20) AND CHANNELS (MBOX), [KI3  AVAILABLE TO
SOFTWARE] | S o | |

0 INITIAL CHANNEL COMMAND

1 INCREMENTED CHANNEL COMMAND

2 STATUS + CHANNEL COMMAND LIST POINTER
3 RESERVED FOR FUTURE USE BY HARDWARE

EXEC LUUO STORED HERE

EXEC LUUO TRAP INSTRUCTION
2 WORD PAIRS OF STANDARD PI INTERRUPT INSTRUCTIONS
4 WORD DTE20 INTERRUPT AND BYTE POINTER LOCATIONS FOR

EACH OF THE 4 DTE20 INTERFACES, SEE CHAPTER 4,3, FRONT
END INTERFACE (DTE20), [KI3: AVAILABLE TO SOFTWARE]

0 IN BYTE POINTER
1 OUT BYTE POINTER

2 INTERRUPT INSTRUCTION

3 UNUSED, RESERVED FOR FUTURE USE BY HARDWARE

RESERVED FOR FUTURE USE BY HARDWARE [KI: AVAILABLE TO
SOFTWARE) . | '

SEC = 0§ EXEC PAGE TABLE WITH HALF WORD ENTRIES, ONE
FOR EACH OF THE 256 EXEC VIRTUAL PAGES 400 THROUGH 777

SEC = 13 AVAILABLE TO SOFTWARE
SEC % 0: AVAILABLE TO SOFTWARE

SEC = 13 SECTION TABLE ENTRIES FOR EXEC: SECTIONS 0=17,
THESE SECTIONS ARE THE SAME FOR ALL PROCESSES AND MAP
THE CODE AND DATA FOR THE COMMON PARTS OF THE OPERATING

RESERVED FOR FUTURE USE BY HARDWARE [KI:  EXEC PAGE
FAIL TRAP INSTRUCTION] il s

EXEC'ARITﬂMETlQ OVERFLOW TRAP INSTRUCTION
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422
423
424427

4302777

EXEC PUSHDOWN OVERFLOW TRAP INSTRUCTION
EXEC TRAP=3 TRAP INSTRUCTION

A 4 WORD "HALT STATUS AREA" WHICH IS LOADED EACH TIME
THE PROCESSOR 18 HALTED, SEE CHAPTER 2,5,

MISCELLANEOUS OPCODES:

424 HALT INSTRUCTION OR FULL WORD OF ZERODES
425 PROGRAM COUNTER
426427 TWO WORDS OF PROCESSOR STATUS

AVAILABLE TO SOFTWARE

[END OF CH289,SPC)
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THE EXTENDED INSTRUCTION SET = REV 2 o

1,0 INTRODUCTION

THIS CHAPTER ATTEMPTS TO DOCUMENT THE NEW INSTRUCTION EXTEND,.
(OPCODE  123), WHICH IS THE MAJOR FEATURE OF THE KL10 BUSINESS
INSTRUCTION SET,

OPCODE 123 I8 THE “EXTEND"™ INSTRUCTION,
REGARDED AS AN XCT WHICH INVOKES THE EXTENDED INSTRUCTION SET,
1T8 AC FIELD ADDRESSES A BLOCK OF 5 AC'S TO BE USED IN THE
OPERATION OF THE EIS, THE EFFECTIVE ADDRESS OF THE EXTEND
INSTRUCTION IS CALLED EO, AND ADDRESSES AN OPERATOR WORD IN THE
PDP=10 INSTRUCTION FORMAT, WHICH MUST BE ONE OF THE SET DEFINED
BELOW (OTHERWISE AN MUUD TRAP OCCURS), FOR CERTAIN OPCODES IN
(E0), THE OPERATOR WORD 1S FOLLOWED BY OPERATION PARAMETERS,
REFERED TO IN THE FOLLOWING TEXT AS (EO+1), (EO+2), ETC,  SOME
OPERATIONS ALSO USE THE EFFECTIVE ADDRESS OF THE OPERATOR WORD,
WHICH WILL BE REFERED T0 BELOW AS E1, ' - ‘

THE OPERATIONS DEFINED IN THE EXTENDED

, | INSTRUCTION SET
LISTED BELOW, WITH THEIR OPCODESes s v

ARE

WHICH SHOQULD BE

001 CMPSL COMPARE STRINGS, SKIP IF LESS

002 CMPSE  COMPARE STRINGS, SKIP IF EQUAL :

003 CMPSLE COMPARE STRINGS, SKIP IF LESS OR EQUAL
005 CMPSGE COMPARE STRINGS, SKIP IF GREATER OR EQUAL
006 CMPSN COMPARE STRINGS, SKIP IF NOT EQUAL ’
007 CMPSG COMPARE STRINGS, SKIP IF GREATER

004 EDIT PROCESS STRING ACCORDING TO PATTERN

010 CVTDBO CONVERT DECIMAL TO BINARY BY OFFSET

011 CVIDBT CONVERT DECIMAL TO BINARY BY TRANSLATION
012 CVIBDO CONVERT BINARY TO DECIMAL BY UFFSET

013 CVIBDT CONVERT BINARY TO DECIMAL BY TRANSLATION
014 MOVSO  MOVE STRING WITH BYTE OFFSET

015 MOVST MOVE STRING WITH BYTE TRANSLATION

016 MOVSLJ MOVE STRING UNMODIFIED WITH LEFT JUSTIFICATION
017 MOVSRJ

MOVE STRING UNMODIFIED WITH RIGHT JQSTIF!¢ATIO&

2,0 DEFINITION OF TERMS

2,1 AC

AC 15 THE REGISTER DESIGNATED BY BITS 912 OF THE EXTEND
INSTRUCTION, THE  INTERPRETATION OF AC DEPENDS OF THE
PARTICULAR FUNCTION PERFORMED BY THE EXTEND INSTRUCTION, FOR
COMPARES, MOVES, AND DECIMAL TO BINARY CONVERSION, THE CONTENTS
OF AC ARE INTERPRETED AS FLAGS AND THE SOURCE  LENGTH
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INDICATION, WHICH IS ALWAYS EXPRESSED AS A NUMBER OF BYTES, IN
EDIT, AC CONTAINS FLAGS AND THE ADDRESS OF A MINI=PROGRAM
CALLED THE PATTERN, IN BINARY TO DECIMAL CONVERSION, AC
CONTAINS THE HIGH«QRDER PART OF THE BINARY INTEGER TO BE
CONVERTED,

242 AC+1

AC+1 15 THE REGISTER DESIGNATED BY BITS 9«12 OF THE EXTEND
INSTRUCTION, PLUS 1 MOD 16, EXCEPT IN BINARY TO DECIMAL
CONVERSION, AC+1 CONTAINS A FULL PDP=10 BYTE POINTER ADDRESSING
THE SOURCE STRING, THE SOURCE STRING 1S PROCESSED AS THOUGH BY
1LDB TMP, AC+1{, 1IN BINARY TO DECIMAL CONVERSION, AC+1 CONTAINS
THE LOW»ORDER PART OF THE BINARY INTEGER TO BE CONVERTED,

2,3 AC+2
RESERVED FOR FUTURE USE BY DEC HARDWARE,

2.4 AC+3

AC+3 IS THE REGISTER DESIGNATED BY BITS 9=12 OF THE EXTEND
INSTRUCTION, PLUS 3 MOD 16, IN COMPARES, MOVES, AND BINARY TO
DECIMAL CONVERSION, AC+3 CONTAINS THE LENGTH (IN BYTES) OF THE
DESTINATION STRING, IN DECIMAL TO BINARY CONVERSION, AC+3
CONTAINS THE HIGH=ORDER BINARY DATA,

2,5 AC+4

THE NEXT REGISTER AFTER AC+3, IN EDIT, BINARY TO DECIMAL
CONVERSION, AND MOVE STRING, A BYTE POINTER TO THE DESTINATION
STRING, WHICH IS PROCESSED AS THOUGH BY IDPB TMP, AC+4, IN
COMPARE STRING, AC+4 CONTAINS. A POINTER TO WHAT WE CALL THE
DESTINATION STRING, BUT FOR (HOPEFULLY) O0BVIOUS REASONS, WE
- LOAD BYTES FROM IT RATHER THAN DEPOSITING THEM, IN DECIMAL TO
BINARY CONVERSION, AC+4 CONTAINS THE LOW=ORDER BINARY DATA,

EQ 1S THE EFFECTIVE ADDRESS OF THE EXTEND INSTRUCTION, (EQ) 1§
THE WORD CONTAINING THE EXTENDED OPERATION CODE IN BITS 0=8,
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2,7 Ef
El IS THE EFFECTIVE ADDRESS COMPUTED FROM BITS 13=35 OF (E0Q),

OFFSET I8 BYTE MODIFICATION BY ADDITION OF El, IN THOSE
INSTRUCTIONS WHICH INCLUDE IN THEIR NAMES THE WORD "OFFSET",
BYTES FROM THE SOURCE STRING ARE MODIFIED BEFORE USE BY ADDING
E1 TO THEM, FOR OFFSET OPERATIONS, E1 IS SIGN EXTENDED TO A
FULL WORD BY DUPLICATING BIT 18 IN BITS 6=17,

2,9 TRANSLATED

THIS IS BYTE MODIFICATION BY TRANSLATION THROUGH A TABLE OF
HALFWORDS LOCATED AT E1, THIS OCCURS IN EDIT, AND ALL THOSE
INSTRUCTIONS WHICH INCLUDE THE WORD "TRANSLATED" IN THEIR
NAMES, IN ADDITION TO PROVIDING THE TRANSLATION FUNCTION,
THOSE INSTRUCTIONS WHICH USE TRANSLATION CAN CONTROL THE FLAGS
IN AC, AND CAN DETECT SPECIAL CHARACTERS IN THE SOQURCE STRING,

2,10 S FLAG

IN EDIT AND OTHER TRANSLATE«TYPE INSTRUCTION, BIT 0 OF AC IS
CALLED THE S OR SIGNIFICANCE FLAG, IN THESE INSTRUCTION, THE
SOURCE STRING IS SCANNED FROM LEFT TO RIGHT, TRANSLATING EACH
CHARACTER, BUT AS LONG AS THE S FLAG IS 0, NO REFERENCE TO THE
DESTINATION STRING IS MADE, THE § FLAG MAY BE SET BY THE
PROGRAMMER WHEN THE INSTRUCTION 1S STARTED, OR MAY BE SET BY
THE DETECTION OF THE SIGNIFICANCE STARTER BIT IN THE TRANSLATE
TABLE, OR 1IN EDIT, BY EXECUTION OF THE START SIGNIFICANCE
OPERATOR, IN DECIMAL TO BINARY CONVERSION, THE § FLAG
INDICATES THE SIGNIFICANCE OF THE BINARY NUMBER IN AC+3 AND
AC+4, 1IF THE 8 FLAG IS 0 WHEN THE INSTRUCTION STARTS, STRING
CLEARS AC+3 AND AC+4, AND SETS THE S FLAG, I[N BINARY TO
DECIMAL CONVERSION, THE S FLAG IS BIT 0 OF AC+3, AND INDICATES
WHETHER LEADING ZEROS SHOULD BE STURED IN THE DESTINATION
STRING TO FILL IT OUT TU THE LENGTH GIVEN BY RH(AC),

2,11 N FLAG

IN EDIT AND OTHER TRANSLATE=TYPE INSTRUCTIONS, BIT 1 OF AC 18
CALLED THE N OR NON=ZERO FLAG, IT MAY BE SET BY THE PRUGRAMMER
WHEN THE INSTRUCTION IS STARTED, OR MAY BE SET BY DETECTION OF
THE SIGNIFICANCE STARTER BIT IN THE TRANSLATE TABLE, IN BINARY
TO DECIMAL CONVERSION, THE N FLAG I$ BIT 1 OF AC+3, AND IS SET
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IF THE BINARY NUMBER IN AC+3 AND AC+4 IS NOT ZERQ,

2,12 M FLAG

IN EDIT AND OTHER TRANSLATE~TYPE INSTRUCTIONS, BIT 2 OF AC IS
CALLED THE M OR MINUS FLAG., IT MAY: BE SET BY THE PROGRAMMER,
AND MAY BE SET, CLEARED, OR LEFT AS I8 BY THE SIGN CONTROL BITS
IN THE TRANSLATE TABLE, IN DECIMAL TO BINARY CONVERSION, THE
BINARY RESULT IS NEGATED IF THE M FLAG IS SET AT THE END OF THE
CONVERSION, IN BOTH FORMS OF BINARY TO DECIMAL CONVERSION, THE
M FLAG IS BIT 2 OF AC+3,. IT WILL BE SET AT THE BEGINNING OF
THE INSTRUCTION IF THE BINARY NUMBER TO BE CONVERTED IS
NEGATIVE,

2,13 FILL CHARACTER

MANY OF THE STRING OPERATIONS OF THE EXTENDED INSTRUCTION SET
"FILL" A STRING TO MEET SOME LENGTH CONSTRAINT, FOR THIS
PURPOSE THE WORD AT EQ+1 IS USED AS THE FILL CHARACTER, '

2,14 MESSAGE CHARACTER

EDIT PATTERNS MAY CALL FOR PRE~DEFINED SPECIAL CHARACTERS TO BE
INSERTED INTO THE DESTINATION STRING, UP TO 64 SUCH CHARACTERS
MAY BE DEFINED FOR ANY EDITING OPERATION, OF WHICH TWO ARE THE
FILL AND FLOAT CHARACTERS USED IN THE OPERATION,

2,15 DOUBLE=PRECISION BINARY INTEGER

THE BINARY INTEGERS ACCEPTED AS JINPUT BY BINARY T0 DECIMAL
CONVERSION, AND PRODUCED BY DECIMAL TO BINARY CONVERSION HAVE
THE SAME FORMAT AS DOUBLE~WORD INTEGERS PRODUCED AND ACCEPTED
BY OTHER INSTRUCTIONS IN THE KL10 (NAMELY MUL, DIV, AND THE
DUUBLE=WORD INTEGER ARITHMETIC INSTRUCTIONS DADD, DSUB, DMUL,
DRDIVIww . ' ' : '

INTEGERS ARE REPRESENTED IN TWO'S COMPLEMENT IN TWO ADJACENT
WORDS, THE MOST -SIGNIFICANT PART 1S IN THE WORD WITH LOWEST
ADDRESS, AND THAT WORD CARRIES THE SIGN OF THE ENTIRE QUANTITY,
THE LEAST SIGNIFICANT PART OCCUPIES BITS 1=35 OF THE WORD WITH
HIGHESR ADDRESS, BIT 0 OF THAT WORD 18 IGNORED IN ALL
OPERANDS, AND IS MADE EQUAL TO THE SIGN OF THE ANSWER IN ALL
RESULTS, ‘ .



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC « CHAP 2,10 PAGE 6
THE EXTENDED INSTRUCTION SET = REV 2

3,0 STRING FUNCTIONS

HERE ARE DETAILED DESCRIPTIONS OF THE VARIOUS OPERATIONS
DEFINED IN THE EXTENDED INSTRUCTION SET: SIMULATION ROUTINES,
DEFINING THESE OPERATIONS IN TERMS OF THE KA/KI INSTRUCTION
SET, MAY BE FOUND IN SECTION 5,

3,1 STRING COMPARES

AC BITS 9«35 SPECIFY THE LENGTH OF THE SOURCE STRING, COUNTING
IN BYTES, AC+1 CONTAINS A BYTE POINTER TO THE "SOURCE STRING",
AC+3 BITS 9=35 SPECIFY THE LENGTH OF THE DESTINATION STRING:
AND AC+4 CONTAINS A BYTE POINTER TO THE "DESTINATION STRING“
BITS 0=8 OF AC AND AC+3 MUST BE ZERO,

THE SOURCE STRING IS COMPARED AGAINST THE DESTINATION STRING,
AND THE INSTRUCTION SKIPS IF THE SPECIFIED SKIP CONDITION IS
MET, (E,G, CMPSL S8KIPS IF THE SOURCE STRING IS LESS THAN THE
DESTINATION STRING), IF  THE STRING LENGTHS DIFFER, THE
COMPARISON PROCEEDS AS THOUGH THE SHORTER STRING WERE EXTENDED
BY FILLING ON THE RIGHT TO THE LENGTH OF THE LONGER STRING, IF
THE SOURCE STRING IS THE SHORTER, IT IS8 EFFECTIVELY EXTENDED
WITH BYTES EQUAL TO (EO0+1), IF THE DESTINATION STRING I8 THE:
SHORTER, IT 18 EXTENDED WITH (E0+2),

3.2 EDIT

AC CONTAINS FLAGS AND THE ADDRESS OF THE PATTERN STRING, AC+1
CONTAINS A BYTE POINTER TO THE SOURCE STRING, AC+3 CONTAINS
THE ADDRESS AT WHICH AC+4 IS STORED AT THE TIME SIGNIFICANCE
BEGINS, THIS IS CALLED THE MARK POINTER, AC+4 CONTAINS A BYTE
POINTER TO THE DESTINATION STRING, ' : ' '

THE PATTERN STRING IS A SEQUENCE OF MINIOPERATIONS WHICH
CONTROLS THE CREATION OF THE DESTINATION STRING FROM THE SOURCE
STRING, E1 IS THE ADDRESS OF THE TRANSLATION TABLE TO BE USED
FOR BYTES SELECTED FROM THE SOURCE STRING, EO0+2 CONTAINS THE
FLOAT CHARACTER TO BE STORED WHEN SIGNIFICANCE IS STARTED, OR
ZERO IF NO FLOAT CHARACTER IS TO BE STORED, EO+1 CONTAINS THE
FILL CHARACTER T0 BE STORED ON EACH REFERENCE TO  THE
DESTINATION STRING WHILE SIGNIFICANCE IS OFF, OR ZERO IF THERE
1S TO BE NO FILL CHARACTER, MESSAGE CHARACTERS ARE STORED
FOLLOWING EO, WITH THE NTH CHARACTER AT EO+N+1,

3,3 CONVERT DECIMAL TO BINARY

CVTDBO AND CVTDBT USE A SOURCE STRING SPECIFIED BY A BYTE
POINTER 1IN AC+1 AND A LENGTH IN AC, PROCESSING IT AS A DECIMAL
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DIGIT STRING FROM LEFT TO RIGHT, CONVERTING DIGITS TO A BINARY
INTEGER 1IN AC+3 AND AC+4 UNTIL THE STRING LENGTH 1S EXHAUSTED
OR A NON=DIGIT IS FOUND IN THE STRING, 1IN CVTDBO, A NON=DIGIT
IS ANY BYTE IN THE SOURCE STRING WHOSE OFFSET VALUE IS NOT IN
THE RANGE 0 TO 9, IN CVTDBT, A NON=DIGIT IS ANY BYTE WHOSE
TRANSLATION FUNCTION CONTAINS THE ABORT CODE, OR FOR WHICH THE
LOW 4 BITS OF THE TRANSLATION FUNCTION EXCEED 9 WHEN
SIGNIFICANCE IS ON,

3.4 CONVERT BINARY T0 DECIMAL

CVTBDO AND CVTBDT GENERATE A DECIMAL DIGIT STRING AS SPECIFIED
BY A BYTE POINTER IN AC+4 AND A LENGTH IN AC+3, REPRESENTING
THE MAGNITUDE OF THE BINARY INTEGER IN AC AND AC+1, IN CVTBDO,
THE OFFSET IS ADDED TO EACH DIGIT BEFORE STORING A BYTE, IN
CVIBDT, DIGITS. ARE USED AS AN INDEX INTO THE TRANSLATION TABLE
AT E1 TO DETERMINE WHAT BYTE TO STORE FOR EACH, IF THE LENGTH
IN AC+3 18 LESS THAN THE NUMBER OF DIGITS REQUIRED TO REPRESENT
‘THE MAGNITUDE OF THE BINARY NUMBER IN AC AND AC+1, THE EXTEND
INSTRUCTION TAKES A NON=SKIP EXIT WITHOUT STORING ANYTHING IN
THE DESTINATION STRING, IF THE LENGTH IN AC+3 IS GREATER THAN
THE NUMBER OF DIGITS REQUIRED TO REPRESENT THE BINARY, AND THE
S FLAG 1IN AC+3 IS 1, BINARY TO DECIMAL CONVERSION STORES FILL
CHARACTERS (EO+1) TQO RIGHT=ALIGN THE DECIMAL INTEGER 1IN THE
DESTINATION STRING, IF THE S FLAG IS ZERO, OR THE LENGTH IN
AC+3 IS EQUAL TO THE NUMBER OF DIGITS REQUIRED, NO FILL
CHARACTERS ARE STORED, AND THE DESTINATION STRING BEGINS WITH
THE FIRST SIGNIFICANT DIGIT OF THE BINARY INTEGER,

3,5 MOVSO, MOVST

THESE INSTRUCTIONS COPY A BYTE STRING FROM  SQURCE  TO
DESTINATION, MOVSO ADDS E1 TO EACH SOURCE BYTE BEFORE STORING
IN THE DESTINATION STRING, AND MOVST TRANSLATES EACH SOURCE
BYTE THROUGH A TABLE OF HALFWORDS AT E1, AC+l CONTAINS THE
SOURCE STRING BYTE POINTER, AC BITS 9=35 CONTAIN THE LENGTH OF
THE  SOURCE STRING, AC+4 CONTAINS THE DESTINATION STRING
- POINTER, AND AC+3 BITS 935 CONTAINS THE DESTINATION STRING
LENGTH, IF THE SOURCE STRING IS LONGER THAN THE DESTINATION
STRING, THE OPERATION TERMINATES AFTER TRANSFERING THE NUMBER
OF BYTES SPECIFIED FOR THE DESTINATION STRING, WITH AC
CONTAINING THE DIFFERENCE. IN LENGTH, IF THE SOURCE STRING 1S
SHORTER THAN THE DESTINATION STRING, THE DESTINATION STRING IS
FILLED OUT TO ITS FULL LENGTH WITH BYTES EQUAL TO (EO+1),

3,6 MOVSLJ, MOVSRY
THESE INSTRUCTIONS COPY A SOURCE STRING TO A DESTINATION STRING
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WITHOUT MODIFICATION OF BYTES, WITH AN OPTION FOR LEFT OR RIGHT
JUSTIFICATION OF THE SOURCE STRING WITHIN THE DESTINATION
STRING, THEY ARE EQUIVALENT TO MOVSO WITH AN OFFSET OF ZERO,
EXCEPT THAT MOVSRJ * STORES FILL CHARACTERS (EO+1) 1IN THE
DESTINATION STRING BEFORE TRANSFERING THE SOURCE STRING, IF THE
SOURCE STRING IS SHORTER THAN THE DESTINATION STRING, OR SKIPS
OVER THE INITIAL CHARACTERS OF THE SOURCE STRING IF THE SOURCE
STRING IS LONGER THAN THE DESTINATION STRING,

MOVSLJ AND MOVSRJ SHOULD BE USED FOR THEIR SPEED ADVANTAGE 1IN
CASES WHERE NO BYTE MODIFICATION IS NEEDED, RATHER THAN MOVSD
WITH AN OFFSET OF ZERO, | | | ,

4,0 EDIT TUTORIAL

EDIT IS INTENDED TO PROVIDE THE FACILITIES NEEDED, PARTICULARLY
IN COBOL AND PL/I, TO CREATE FORMATTED CHARACTER STRINGS FOR
OUTPUT, THE PRIMARY FEATURES REQUIRED ARE BLANKING OF LEADING
ZEROS, AND INSERTION OF A CURRENCY SYMBOL IMMEDIATELY TO THE
LEFT OF THE MOST SIGNIFICANT DIGIT, EDIT PROVIDES OTHER USEFUL
FEATURES, BUT LET'S START WITH A SIMPLE EDITING EXAMPLE TO SEE
HOW IT WORKS, IN ORDER TO UNDERSTAND IT, YOU WILL WANT TO
TRACE YOUR WAY THRQUGH THE EDIT SIMULATOR IN SECTION 5 AS YOU
READ THE DESCRIPTION,

:PATTE?& CODE AND TRANSLATE TABLE DEFINITIONS

STOp==0 ITERMINATE EDIT, EXTEND INSTR SKIPS
SELECT=s1 JSELECT NEXT SOURCE BYTE '
51GST==2 $FORCE SIGNIFICANCE '
FLDSEP®=3 tFIELD SEPARATOR
EXCHMD==4 $EXCH MARK AND DEST POINTERS (AC+3 AND AC+4)
MESSAG==100 ?} INSERT MESSAGE CHARACTER

' tLOW 6 BITS SELECT ONE OF EO+1 THRU E0+100
SKP¥=»=500 1SKIP IF M FLAG SET
SKPN==600 $SKIP IF N FLAG SET
SKPA==700 $8KIP ALWAYS

- $SUCCESSFUL SKIPS ADVANCE OVER 1 TO 64 PATTERN
# BYTES AS SELECTED BY LOW 6 BITS OF OPERATOR

SBIT==400000 * ;SET S AND N FLAGS
ABORT==100000 $ABORT EDIT (NO SKIP)
MCLR==200000 $CLEAR M FLAG
MSET®=300000 $SET M FLAG

SETZM  DEST }CLEAR SPACE FOR OUTPUT STRING
SETZM  DEST+1 ”
MOVEI  AC,PATERN $SETUP. PATTERN ADDRESS IN AC
MOVE  AC+1,SRCPNT $SOURCE STRING POINTER

MOVEI AC+3,MARK $WHERE TO STORE 8$IG PTR
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MOVE AC+4,DSTPNT sDESTINATION STRING PDINTER
EXTEND AC, XOQP $EDIT USING TABLE ‘
HALT $SOMETHING'S WRONG,,,
OUTSTR DEST. }SHOW OFF THE RESULT

PATERN: BYTE (9)SELECT,SELECT,SELECT, SELECT, STOP
SRCPNT: POINT  4,SO0URCE $1LDB POINTER TO INPUT DATA

i (BCD DIGITS)
DSTPNT$: POINT  7,DEST $IDPB POINTER TO ASCII QUTPUT
XOP; EDIT,, TABLE JEXTENDED OP EDIT, USING TABLE
0 JINITIALLY, PARAMETERS ALL ZERO
e ;
TABLE: XWD "Q",SBITI"1"
XWD SBIT}"2",SBITI"3"
XWD SBITI"4",SBIT!"S5"
XWD SBITI"6",SBITI"7"
~ XWD SBIT}"8",SBITI"9"
REPEAT 3,<XWD ABORT,ABORT>
MARK:  BLOCK 1 | $SAVED COPY OF DESTINATION PTR
| } AT SIGNIFICANCE START TIME
DEST:  BLOCK 2 }OUTPUT STRING WILL GO HERE

THE SIZE OF PATTERN BYTES IS (BY DEFINITION OF EDIT)
ALWAYS 9 BITS, SOURCE AND DESTINATION BYTES ARE DEFINED
ENTIRELY BY THEIR RESPECTIVE BYTE POINTERS, IN THE USUAL <10
FORM, I HAVE SET UP SRCPNT WITH BYTE SIZE 4, BECAUSE I AM
_ASSUMING THE SOURCE STRING TO BE PACKED BCD DIGITS, IT COULD
AS CONVENIENTLY BE SIXBIT, ASCII, OR EBCDIC (SORRY, RADIX50
WON'T MAKE 1IT), USING THE BCD ASSUMPTIUON, CONSIDER THE
FOLLOWING SOURCE STRING == '

SOURCE: BYTE (4)0,1,0,6

EXTEND WILL BEGIN BY DECODING THE WORD AT ITS EFFECTIVE ADDRESS.
(XOP), AND WILL THEREFORE PERFORM AN EDIT, SINCE AC BITS 4=5
ARE ZERU, THE INITIAL PATTERN BYTE WILL BE TAKEN FROM BITS O=8
OF THE WORD AT "PATERN"} IE, IT WILL PERFORM "SELECT", THE
FIRST BYTE (0) WILL BE LOADED FROM “SOURCE", AND TRANSLATED
THROUGH THE LEFT HALF OF LOCATION "TABLE" (LEFT MALF, BECAUSE
THE LOWeORDER BIT OF THE BYTE IS 0, AND LOCATION TABLE BECAUSE
THE HIGH ORDER BITS OF THE BYTE ARE 0, WHICH WHEN ADDED 10 EI,
GIVES THE ADDRESS "TABLE"), THE § FLAG IN AC 1S OFF, AND THE S
BIT IN THIS TABLE HALFWORD I8 NOT SET, SO EDIT ATTEMPTS TO
STORE A FILL CHARACTER, EO+1 (THE FILL CHARACTER) 18 ZERO,
HOWEVER, SO NO CHARACTER IS STORED, AND EDIT PROCEDES TO' THE
NEXT PATTERN BYTE, , |

HERE IS ANOTHER SELECT, S0 THE SECOND SOURCE DIGIT (1) 18
OBTAINED AND TRANSLATED, TRANSLATION YIELDS THE RIGHT HALF OF
LOCATION TABLE, WHERE THE S BIT IS SET, SO EDIT COPIES THE
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DESTINATION POINTER (AC+4) TO THE MARK POINTER (ADDRESSED BY
AC+3), SETS THE 8 FLAG IN ACs AND ATTEMPTS TO STORE THE FLOAT
CHARACTER, THE CONTENTS OF EO+2 IS ZERO, HOWEVER, SO NO FLOAT
CHARACTER IS STORED, AND FINALLY THE TRANSLATE FUNCTION (IE,
ASCII "1") IS STORED AS THE FIRST CHARACTER IN THE DESTINATION
STRING, " ‘

THE NEXT PATTERN BYTE IS SELECT, SO EDIT LOOKS AT THE NEXT
DIGIT (0) 1IN THE SOURCE STRING, AND TRANSLATES IT THROUGH
TABLE, AT THIS TIME THE § FLAG IS 1, SO THE TRANSLATE FUNCTION
(ASCII "O") IS STORED IN THE DESTINATION STRING,

THE FOURTH PATTERN BYTE IS SELECT AGAIN, SO  EDIT
TRANSLATES THE NEXT SOURCE BYTE (6) THROUGH THE LEFT HALF OF
TABLE+3, AND STORES ASCII "6" AS THE THIRD CHARACTER OF THE
DESTINATION STRING,  THE NEXT PATTERN BYTE IS STOP, SO EXTEND
TERMINATES WITH A SKIP, HAVING CREATED A STRING AT DEST
EQUIVALENT TO ASCII "106", SIMILARLY, IF THE STRING AT SOURCE
HAD BEEN | | )

BYTE (4)11,6,2,3
DEST WOULD HAVE BECOME ASCII "9623", AND IF SOURCE HAD BEEN
v BYTE (4}0;0;9}4
DEST WOULD BE ASCII "4",
SO FARy, I'VE TRIED TO SHOW HOW THE S BIT IN THE TABLE IS
USED WITH THE S FLAG IN AC TO SUPPRESS LEADING ZEROS, THE §
BIT IS SET IN EACH TABLE ENTRY WHICH CORRESPONDS TO A SOURCE
CHARACTER WHICH SHOULD NOT BE SUPPRESSED, HOPEFULLY, IT'S ALSD
CLEAR THAT THE INSTRUCTION KNOWS NOTHING ABOUT THE CHARACTER
SET BEING USED, SO A TABLE CHANGE COULD BE USED TO SUPPRESS ANY
LEADING CHARACTER OR CHARACTERS IN THE SOURCE STRING,

NOW LET'S CHANGE THE EXAMPLE =w

XoP/ EDIT,,TABLE $SAME AS BEFORE
"<SPACE>" JENABLE ASCII SPACE AS FILL CHAR
0 ) ; Ak :

NOTE: THE SYMBOL <SPACE> IS USED IN THE FOLLOWING DISCUSSION
TO  REPRESENT A SINGLE SPACE, IN ORDER TO ELIMINATE THE PROBLEM
OF COUNTING THEM WHEN THE NUMBER IS IMPORTANT,

HERE WE'VE CHANGED THE "PARAMETER LIST" FOR THE OPERATION 710
INCLUDE A FILL CHARACTER, WALKING THROUGH EDIT AGAIN, WE FIND
THAT SELECT PICKS UP THE FIRST SOURCE BYTE (0), TRANSLATES IT
THROUGH THE. LEFT HALF OF TABLE, AND FINDS THAT BOTH THE S FLAG
IN AC AND THE 8 BIT IN THE TABLE ARE ZERO, IT THEREFORE FINDS
THE FILL CHARACTER, WHICH IS NONeZERO, AND STORES IT IN THE
DESTINATION STRING, AFTER THIS POINT, THE SEQUENCE 18 THE SAME
AS IN THE: EARLIER EXAMPLE, SO THE RESULTING DESTINATION STRING
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IS5 NOW "<SPACE>106", SOURCE OF 11,6,2,3 WOULD HAVE RESULTED IN
"9623",  AND - SOURCE OF 0:,0,0,4 wWOULD PRODUCE
"<SPACE><SPACE><SPACE>4", THUS THE FILL CHARACTER IS USED 1O
PRODUCE A CONSTANT FIELD WIDTH IN THE OUTPUT STRING, WHILE
SUPPRESSING INSIGNIFICANT LEADING CHARACTERS,

TO DEMONSTRATE USE OF THE FLOAT CHARACTER, LET'S CHANGE THE
PARAMETER LIST AGAIN, ADDING A FLOAT CHARACTER ==

Xop/ EDIT,, TABLE
"<SPACED" |
ngn | sNOW HAVE FLOAT CHAR DOLLAR SIGN

RERUNNING: THE EXAMPLE, WE SEE THAT THE LEADIRG ZERO IS AGAIN
SUPPRESSED WITH A SPACE, BUT THE SECOND DIGIT OF THE SOURCE
"STRING (1) TRANSLATES THROUGH THE RIGHT HALF OF TABLE, IN WHICH
TRE S BIT IS5 ONE, SINCE THE S FLAG IN AC 1S ZERO AT THIS TIME,
ERIT RECOGNIZES THIS SITUATION AS BSIGNIFICANCE START, SO IT
COPIES THE DESTINATION PDINTER TUO THE MARK PQINTER, SETS THE S
FLAG IN AC, AND FINDS A NON=ZERQ FLOAT CHARACTER, THIS
CHARACTER IS STORED IN THE DESTINATION STRING, AND THEN THE
TRANSLATED VALUE FROM TABLE IS STORED 1IN DEST, AFTER THIS
POINT, EDITING PROCEDES AS BEFOURE, RESULTING IN THE FOLLOWING
STRING AT DEST: "<SPACE>$106", THE QTHER SOURCE STRINGS. USED
AS EXAMPLES WOULD YIELD DESTINATIBN STRI&G& OF "89623" AND
"C<SPACE><SPACE><SPACE>S4",

I'M SURE YOU'VE NOTICED THAT I DIDN'T USE A SOURCE STRING OF
ALL 2EROS 1IN MY EARLIER EXAMPLES, AND THAT IF I HAD, I WQULD
HAVE GOTTEN NULL RESULTS IN THE DESTINATION STRING, FOR THOSE
WHO BELIEVE ZEROS TO BE SOMETIMES SIGNIFICANT, THEREFORE, WE
- HAVE A SIGNIFICANCE STARTER PATTERN CODE, WHICH TELLS EDIT TO
SET THE 8 FLAG IN AC, INDEPENDENT OF THE SOURCE STRING; 1IN
EFFECT, TO PRETEND IT HAS SIGNIFICANCE, IN THE FIRST EXAMPLE,
IF THE SOURCE STRING HAD BEEN 0,0,0,0 NOTHING WOULD HAVE BEEN
STORED IN THE DESTINATION STRING, CHANGING THE PATTERN TO

PATERN/ SELECT,SELECT,SELECT,SIGST,SELECT,STOP

GIVES THE SAME RESULTS FOR THE SOURCE STRINGS USED AS EXAMPLES,
BUT FOR 0,0,0,0 NOW GIVES ASCII "0" IN THE DESTINATION STRING,
IF FILL CHARACTERS ARE USED, AS 1IN THE SECOND EXAMPLE, AN
ALL=ZERO SOURCE GIVES A DESTINATION STRING CONSISTING ENTIRELY
OF FILL CHARACTERS, WHILE INSERTING A SIGST PATTERN OPERATOR
JUST BEFORE THE FINAL SELECT GIVES "<SPACE><SPACE><SPACE>(0",

NOW LET'S ADD TO THE PARAMETER LIST TO DEMONSTRATE USE OF
MESSAGE CHARACTERS ==

X0p/ EDIT,»TABLE
"<SPACE>"
ngn :
WA - JMAKE COMMA AVAILABLE FOR MESSAGE 2
" ; PERIOD, TOO, AS MESSAGE 3
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NOW WE CAN CREATE SUME SNAZZIER FORMATS STILL, FOR EXAMPLE,

PATERN/ SELECT,MESSAG+2,SELECT,SELEC
SIGST,SELECT,S8TOP :

WITH THE ORIGINAL SOURCE STRING (0,1,0,6) EDIT SEES THE S FLAG
OFF WHEN FINDING THE MESSAG CODE IN THE PATTERN, SO IT STORES A
FILL CHARACTER, RESULTING IN A  DESTINATION  STRING OF
"<SPACE><SPACE>$106",  USED ON THE SECOND SAMPLE STRING
(11,6,2,3), HOWEVER, THE MESSAG CODE 1S FOUND AFTER THE S FLAG
HAS BEEN SET, SO EDIT INSERTS A COMMA, THE DESIGNATED MESSAGE
CHARACTER, FOR THIS RESULT: "$9,623", ANOTHER PATTERN |

PATERN/ SELECT,SELECT,SIGST,MESSAG+3
SELECT, SELECT, STOP

FORCES SIGNIFICANCE BEFORE THE MESSAG CODE, S0 A PERIOD WILL
ALWAYS BE INSERTED, YIELDING THESE RESULTS ON THE SAMPLE SOURCE
STRINGS: "<SPACE>$1,06", "$96,23", AND "<SPACE><SPACE>»S,04",
MESSAGE CHARACTERS, 1IN GENERAL, PROVIDE FOR FORMATTING THE
OUTPUT BETWEEN SIGNIFICANT CHARACTERS DERIVED FROM THE SOURCE
STRING, ' : ' )

I0U'RE PROBABLY GETTING AS BORED WITH THIS EXAMPLE AS I AM, 8D
LET'S TAKE ON A DIFFERENT KIND OF PROBLEM: CREATE AN OCTAL
OUTPUT STRING IN DDT'S "HALFWORD" FORM (IE, LEFT "HALF,  RIGHT
 HALF), WITH LEADING ZEROS SUPPRESSED IN BOTH HALVES, LET'S
EVEN GO SO FAR AS TO SUPPRESS THE LEFT HALF AND DOUBLE COMMA
ENTIRELY WHEN THE LEFT HALF IS ZERO, '

WE'LL NEED A NEW SOURCE POINTER, SINCE WE. ARE INTERESTED IN
3=BIT BYTES (OCTAL DIGITS) RATHER THAN BCD DIGITS, AND OF
COURSE THE PATTERN WILL BE DIFFERENT, BUT THE SAME TABLE AND
DESTINATION POINTER WILL SERVE QUITE ADEQUATELY,

SRCPNT/ POINT 3,80URCE

PATERN/ SELECT,SELECT,SELECT,SELECT
SELECT,SELECT,MESSAG+2,MESSAG+2
FLDSEP,SELECT,SELECT,SELECT
SELECT,8ELECT,SIGST,SELECT
STOP

WE WANT NEITHER FILL NOR FLOAT CHARACTERS, SO THE PARAMETER
L1ST BECOMES == SR ;

XOp/ EDIT,,TABLE

0 INO FILL
0 INO FLOAT
e $COMMA AS MESSAGE 2

THE FIRST 2 PATTERN WORDS CONTAINS  SIX  SELECT CODES,
CORRESPONDING TO THE SIX OCTAL DIGITS IN THE LEFT HALFWORD OF
THE SOURCE, PRESUMABLY, IT'S CLEAR HOW THE OCTAL DIGITS ARE
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TRANSLATED THROUGH QUR FORMERLY BCD TABLE, AND FROM THE EARLIER
DISCUSSION I ASSUME YOU RECOGNIZE THAT NOTHING WILL BE STORED
‘BY THE FIRST 6 SELECTS IF THE LEFT HALF OF THE SOURCE WORD IS
ZERO, REMEMBERING, NOW, THAT MESSAG ATTEMPTS TO STORE A FILL
CHARACTER 1IF THE S FLAG IS OFF, AND THAT THE FILL CHARACTER IS8
ZERO, YOU CAN SEE THAT NEITHER DIGITS NOR COMMAS WILL BE STORED
IF THE LEFT HALF IS ZERO, BUT THAT COMMAS WILL BE STORED IF A
SIGNIFICANT (READ NON=ZERU) OCTAL DIGIT IS FOUND IN THE LEFT
HALF OF THE SOURCE WORD, :

NEXT IN THE PATTERN, WE FIND FLDSEP, WHOSE SOLE FUNCTION IS TO
CLEAR THE S, N, AND M FLAGS IN AC, THIS MEANS THAT THE EDITING
OPERATION STARTS AFRESH WITH THE RIGHT HALF OF THE SOURCE WORD,
SELECTING SOURCE DIGITS, BUT STORING NOTHING UNTIL SIGNIFICANCE
IS FOUND IN THE RIGHT HALF, FINALLY, JUST IN CASE THE RIGHT
HALF IS ZERO, WE THROW 1IN A SIGST OPERATOUR BEFQURE THE 12TH
SELECT TO ENSURE THAT SOMETHING GETS OQUTPUT,

COBOL HAS A DATA ATTRIBUTE KNOWN AS "BLANK=WHEN«ZERQ", T
MEANS THAT AN EDIT OUTPUT FIELD HAVING THAT SPECIFICATION MUST
BE TOTALLY BLANKED IF THE DATA 1S ZERO, SO THAT THE GQUANTITY
",05" WOULD BE REPRESENTED AS SHOWN, BUT ",00" MUST BE BLANKED,
IN ORDER TO CREATE ",05" WITH EDIT, WE WOULD  FORCE
SIGNIFICANCE, USING SIGST, BEFORE THE MESSAG CODE WHICH OUTPUTS
THE PERIOD, THEREBY HAVING THE § FLAG ON SO WE GET ",05" RATHER
THAN "<SPACE><SPACE>S", HAVING SET IT ARBITRARILY, HOWEVER, WE
CAN NO LONGER USE IT TO INDICATE WHETHER THE DATA WAS NON=ZERO,
THEREFORE, WE DEPEND ON THE N FLAG, WHICH LIKE THE 8 FLAG, IS
SET BY THE § BIT IN THE TABLE, BUT CANNOT BE TURNED ON BY A
PATTERN OPERATOR, THE SKIP OPERATORS IN THE PATTERN ALLOW US
TO SPECIFY CERTAIN EDITING OPERATIONS WHICH ARE TO BE OMMITTED
WHEN THE SKIP CONDITION 1S MET, 1IN PARTICULAR, SKPN PERMITS
EDIT TO OMIT PATTERN STEPS WHICH BLANK THE ENTIRE FIELD, IF THE
DATA IS NONeZERO, ALSO, EXCHMD GIVES US A WAY OF RESETING THE
DESTINATION POINTER TO THE VALUE IT HAD WHEN WE STARTED
SIGNIFICANCE, SO WE CAN GET BACK TO THE NON=BLANK CHARACTERS,
CONSIDER3$ o

PATERN/ SELECT,5ELECT,SIG$T;MESSAG*3
SELECT,SELECT, SKPN+4,EXCHMD
MESSAG+0,MESSAG+0,MESSAG+0, MESSAG+0
STOP .

Xap/ EDIT,»,TABLE
: H<SPACE> Y
Hs’}
nw
"ow

WHEN EDIT COMPLETES THE FIRST LINE OF PATTERN, THE DESTINATION
STRING WILL BE ONE OF; "SNN,NN", M"<SPACE>$N,NN", OR
"<SPACE><SPACE>$,NN", IN THE THIRD CASE, IT IS POSSIBLE THAT
THE DATA IS ZERO, AND THEREFORE THAT THE N FLAG IS NOT S8ET. 1IN
ANY OTHER CASE, THE SKPN WILL CAUSE EDIT TO SKIP TO THE STOP
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OPERATOR, AND THE FIELD WILL BE LEFT IN THE FORM SHOWN, IF,
HOWEVER, THE DATA IS ZERD, THE SKPN WILL NOT SKIP, AND EXCHMD
WILL RESET THE DESTINATION POINTER TO THE VALUE IT HAD WHEN
SIGNIFICANCE WAS STARTED (IE, TO POINT TO THE BYTE PRECEDING
THE "$"), THE FOUR OCCURANCES OF MESSAG+0 WILL STORE THE
SELECTED MESSAGE CHARACTER (SPACE) OVER THE DOLLAR SIGN,
PERIOD, AND BOTH ZEROS, LEAVING THE FIELD BLANK AS DESIRED,

1T SHQULD BE POINTED OUT THAT THE SKPX PATTERN OPERATORS SKIP
OVER N+1 SUCCEEDING PATTERN BYTES, WHERE N IS THE VALUE OF THE
SKIP=LENGTH BYTE, (EG, SKPN+0,X PERFORMS THE OPERATOR "X" IF
AND ONLY IF THE N FLAG IS ZERO), THUS, A SINGLE SKIP OPERATOR
MAY CONTROL THE EXECUTION OF UP TO 64 PATTERN BYTES, 1IN CASES
WHERE MORE THAN 64 MUST BE CONTROLLED, THE CONDITIONAL PART OF
THE PATTERN MAY BE BROKEN INTO SECTIONS, THUS}

e+ +SKPX4J, J PATTERN BYTES,SKPA+0,SKPA+K, K+1 PATTERN 3YTE$QQQ‘

1F THE SKPX+J SKIPS, IT TRANSFERS OVER THE FIRST GROUP OF J
BYTES AND THE SKPA+0, TO LAND ON THE SKPA+K, WHICH TRANSFERS
OVER THE SECOND GROUP, IF THE FIRST GROUP DOES NOT CHANGE THE
TESTED FLAG, THEN THE FOLLOWING SEQUENCE WORKS3$ ' '

» 2o SKPX+J, J+1 PATTERN BXT&S;SKPX*K; K+1 PATTERN BYTES,,,

AND OF COURSE, IF THE SKIP 1S ONLY TRANSFERING TO A STOP
OPERATOR, WE CAN RE=ARRANGE THE PATTERN TOf |

v » o« SKPX+0, SKPA+0,8TOP, ,.. ANY NUMBER OF PATTERN BYTES,STOP

THIS LAST SEQUENCE ALSO DEMONSTRATES CONDITIONAL SKIPPING OVER
A SKPA TO REVERSE THE SENSE OF A CONDITIONAL SKIP,

IT IS PERHAPS WORTHY OF NOTE, AT THIS POINT, THAT THE SET OF
PATTERN OPERATORS CONTAINS NO MECHANISM FOR BRANCHING BACKWARDS
(1E, LOOPING), THIS WAS A CONSCIOUS DECISION, BASED ON “THE"
BELIEF THAT THE FACILITIES AVAILABLE FOR LOOP CONTROL ARE NOT
REALLY SUFFICIENT, AND IT WOULD BE DIFFICULT TO ADD GOOD ONES,
WE DO STILL HAVE RESERVED OPERATORS AVAILABLE FOR FUTURE:
EXPANSION, AND I WOULD BE PLEASED TO SEE A PROPDSAL WHICH
ALLOWS LOOPING, THE MAJOR DIFFICULTY IS IN PRESERVING THE LOOP
COUNT IN SUCH A WAY THAT THE INSTRUCTION CAN BE PROPERLY
CONTINUED AFTER A PAGE FAULT OR INTERRUPT,

IT 1s COMMON PRACTICE, IN THE CARD=ORIENTED WORLD (OF BUSINESS
DATA PROCESSING, TO INDICATE THE SIGN OF A NUMERIC FIELD IN A
CARD BY OVERPUNCHING A DIGIT, USUALLY THE LOWeORDER DIGIT, WITH
A+ (12 PUNCH) OR = (11 PUNCH), DUE TO THE WONDERFULNESS OF
THE EBCDIC CARD CODE, THIS CONSTRAINS COBOL TO RECOGNIZING THE
LETTERS A THROUGH I AS +1 TO +9, J THROUGH R AS =1 TO =9, AND A
GRAND ASSORTMENT OF RANDOM CHARACTERS AS + OR «0, SINCE EDIT
MAY FIND ITSELF PRESENTED WITH SUCH CHARACTERS, THE TRANSLATE
TABLE COMES EQUIPPED WITH CONTROL FUNCTIONS WHICH CAN SET,
CLEAR, OR LEAVE ALONE THE M FLAG, 50 THAT AN APPRUPRIATELY
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DEFINED TABLE CAUSES THE M FLAG TO INDICATE THE SIGN OF THE
SOURCE DATA, (THE FOURTH CONTROL FUNCTION FROM THE TABLE
CAUSES IMMEDIATE TERMINATION OF THE EDIT, PERMITTING THE
PROGRAM TO MAKE ANY INTERPRETATION WHATSOEVER OF THE SOURCE
BYTE,) : :

SINCE WE'RE NOW TALKING ABQUT THE FULL CARD CHARACTER SET,
WE'LL NEED A DIFFERENT TRANSLATION TABLE, ASSUMING 7+BIT ASCII
SOURCE AND DESTINATION, THE TABLE LOOKS LIKE THISw=w»

TABLE: REPEAT 20,<ABORT,,ABORT> }CONTROL CHARS 0+37

XwD RO",MSET"O" +SPACESQ,  [sw=(
REPEAT 2,<ABORT, +ABORT» '
XWD MCLRI®OY, ABORT t&®+0

XWD ARORT . ABORT

XWD ABORT ,MCLRL¥O" 1340

XwWD ABORT MSETi"Q" s=zwl

XWh ABORT ,ABORT ;

XWD "OR,SBITI"LY ) $0.1

XWD SBITI"2",SBITI"3" 72,3

XWp $81T8"4";8BIT§”5” 14¢5

XWD SBITI"6",8BITITY 36,7

XWD SBIT!I"8",SBIT)" 9" 18,9

RQPERT 2, <ABQORT, ABORT>

XWp ARURT ,MCLRI"QY $ 7540

XuD ABORT,SBITIMCLRIM1" tAZ+1

XWD SBITIMCLRI"Z2",SBITIMCLR}"3Y - $B3+2, CRe3
XwWD - SBITIMCLRi"4",SBITIMCLR}"S" '
XwDh SBITIMCLR{"e",8BITIMCLRL"7"

XWD SﬁITtMCLR;”B”rSBIT;MCLR;”9“ tHR48, 1349
XWD SBITIMSET!I"1",SBITIMSETI"2" sJaml, Kz=2
XWD &BITXMSETS“3”;SQIT!HSET‘”§”

XwD SBITIMSETLI"S",SBITIMSETI"6"

XWD SBIT$M$ET’"?”;$BIT£M$ETI”8“

XWD SBITIMSET!"9",ABORT sR==9
REPEAT 26,<ABORT, »ABORT> ‘ :T THRU 177

THE IMPORTANT FEATURES OF THIS TRANSLATION TABLE ARE:

1) STRANGE CHARACTERS FOR WHICH WE DO NOT HAVE
CORRESPONDING DIGITS ARE MARKED WITH THE ABORT CODE,
PRESUMABLY, IF EDIT ENCOUNTERED THEM IN THE SOURCE, WE
WOULD ISSUE A DIAGNOSTIC MESSAGE TO THE USER,

2) CHARACTERS. REPRESENTING NON=ZERO DIGITS HAVE TABLE
ENTRIES IN WHICH THE 8 BIT 1S SET, ENTRIES FOR
REPRESENTATIONS OF ZERD HAVE THE S BIT ZERO,

3) CHARACTERS REPRESENTING EXPLICITLY SIGNED DIGITS HAVE
TABLE ENTRIES WHICH EXPLICITLY SET OR CLEAR THE M FLAG,
UNSIGNED DIGITS DO NOT TOUCH THE M FLAG, SO BY THE END
OF THE EDIT, IT WILL EITHER DEFAULT TO ITS INITIAL
VALUE, OR TAKE THE VALUE FORCED BY THE RIGHTMOST
EXPLICITLY SIGNED DIGIT, 1IF WE WISHED TO IGNORE SIGNS
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ON DIGITS OTHER THAN THE RIGHTMOST, WE WOULD MAKE ALL
ENTRIES EXPLICITLY SET OR CLEAR THE M FLAG,

WITH THIS TABLE AND A SOMEWHAT EXTENDED PARAMETER LIST, HERE'S
PART OF A PATTERN WHICH RECOGNIZES A NEGATIVE SOURCE AS A
CREDIT, AND MARKS THE DESTINATION STRING WITH "CR"™ IN THAT
CASE=»

,,,,53&26T}SKPM*2;ME$3AG+G;ﬁE&SAG*O;STﬁP;MEﬁSAG+4;MESSAG#ﬁ:STUP

X0P/ EDIT, ,TABLE
' "<SPACE>"
ngn
mow
"o
wen
#R" -

THE SKPM TESTS THE M FLAG TO CHOOSE WHICH OF TWD MESSAGES TO
OUTPUT (EITHER "<SPACE><SPACE>" OR "CR"), THE TEST MIGHT, OF
COURSE, BE COMBINED WITH A SKPN TO DO A THIRD OPERATION IF THE
DATA WERE ZERO, NOTE THAT EDIT CONSIDERS DIGIT STRINGS TO BE
REPRESENTED AS SIGN=MAGNITUDE, S0 "=0® EXISTS AND MUST BE
ALLOWED FOR, ' | , |

TO EDIT FROM THIS CARD CODE TO A READABLE FORM WITH, SAY, SIX
DIGITS AND TWO DECIMAL PLACES, ONE MIGHT USE A PATTERN LIKEw=

PATERN/ SELECT,MESSAG+2,SELECT,SELECT
SIGST,SELECT,MESSAG+3,SELECT
SELECT,SKPN+0,8TOP, SKPM+0
STOP,EXCHMD ,MESSAG+4,STOP

XOp/ EDIT,,TABLE
"<SPACE>"
!',’.!!
IQ’”

"
,9’

LI,

HERE, WE ASSUME POSITIVE DATA, AND SET UP A FLOATING mav,
THER, IF THE DATA TURNS OUT TO BE NON=ZERQ AND NEGATIVE, WE
STORE "=" (MESSAG+4) OVER THE FLOATING "+",

5,0 EXTEND SIMULATOR

THE FOLLOWING SUBROUTINE SIMULATES THE FUNCTIONS OF THE EXTEND
INSTRUCTIONS IT ASSUMES THE EXISTENCE OF A SET OF INVISIBLE
AC'S, REFERED TO BY THE NAMES EO, El, AND Tl=T3, AND THAT THE
AC. NAMED "AC™ IS THAT SPECIFIED BY BITS 9=12 OF THE EXTEND
INSTRUCTION, EO IS PRESUMED LOADED WITH THE EFFECTIVE ADDRESS
OF THE EXTEND INSTRUCTION, " R
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JBIT DEFINITIONS,,,

S.FLAG==400000 ;SIGNIFICANCE FLAG IN AC LEFT
N,FLAGE2200000 ;NON=ZERO FLAG IN AC LEFT

M FLAGSS100000 JMINUS FLAG IN AC LEFT

S,BIT#=400000 $SIGNIFICANCE STARTER BIT IN TRANSLATE TABLE

EXTEND: MOVEI E1,8(EQ) 1COMPUTE OFFSET/TRANSLATE BASE
LDB T1, [POINT 9,(E0),8] JGET EXTENDED OPCODE
CAIL  T1,20 3IN DEFINED RANGE?

JRST  UUD INOy CONVERT TO UUO

JRST  8,+1(T1) }DISPATCH TO HANDLER

Z uuo 3000 UNDEFINED

z CSL 7001 COMPARE STRING, SKIP LESS
Z CSE 3002 " , SKIP EQUAL

z CSLE 1003 " , SKIP LESS OR EQUAL

Z EDIT 1004 EDIT

Z CSGE 1005 COMPARE STRING, SKIP GE

Z CSN 1006 " , SKIP NOT EQUAL

Z CSG 1007 ", SKIP GREATER

Z DBO $010 DECIMAL TO BINARY, OFFSET
z DBT 1011 " , TRANSLATED

z BDO 1012 BIHARY TO DECIMAL, OFFSET
z BDT 1013 TRANSLATED

z MSO 1014 MGVE STRING, OFFSET

z MST 3015 " , TRANSLATED

z MSLJ 1016 " , LEFT JUSTIFIED

z MSRJ - 3047 " , RIGHT JUSTIFIED

(EDIT SIMULATION FOLLOWS == OTHERS WILL BE PROVIDED AT A LATER
DATE] ' ‘

EDIT;  LDB T3, PATBN $PICK UP. PATTERN BYTE NO
EDITLPt LDB T1,PATTBL(T3)  jPICK UP PATTERN BYTE
MOVEI  T2,(T1) }GET A COPY
LSH T2,%6 $LOOK AT HIGH 3 BITS
JRST  @,+1(T2) |
z EDOPR 1000 OPERATE
z MESSAG 7100 SELECT MESSAGE CHARACTER
z PNOP 1200 RESERVED
Z PNOP 1300 RESERVED
z PNOP. 400 RESERVED
z SKPM 1500 SKIP ON M FLAG
z SKPN 1600 SKIP ON N FLAG
z SKPA 3700 SKIP ALWAYS
EDOPR: CAILE Ti,4 }VALID OPERATE?
JRST  PNOP INO

JRST 2,+1(T1) }YES, DO IT
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A EDSTOP 3000 STOP
Z EDSEL 1001 SELECT
z SIGST 1002 FORCE SIGNIFICANCE (& FLAG)
Z FLDSEP 3003 FIELD SEPARATOR (CLEAR FLAGS)
A EXCHMD ;004 EXCHANGE MARK AND DEST POINTERS
PATBN: POINT  2,AC,5 JPAT BYTE NO IN AC
PATTBL: POINT - 9,0(AC),8 fPATTERN BYTE 0
' POINT  9,0(AC),17 3 BYTE 1
POINT  9,0(AC),26 } BYTE 2
POINT  9,0(AC),3% } BYTE 3

tHERE TO TERMINATE THE EDIT

EDSTOP3 AOS o(p) $CAUSE SKIP RETURN
EDABRT: PUSHJ  P,INCPBN sUPDATE PBN PAST THE STOP.
POPJ P, JHERE ON ABORT CODE IN TABLE

JHERE TO GO ON TO NEXT OPERATION IN PATTERN

PNOF:  PUSHJ  P,INCPBN
JRST EDITLP

PHERE TO UPDATE PATTERN ADDRESS

INCPBN: ADDI  T3,1 3 INCREMENT 1T
MOVEL  T1,(T3) JGET A COPY
LSH T1,%2 'JDIVIDE BY 4 FOR WORD ADDR
ADDI  AC,(T1) JUPDATE WORD ADDR IN AC
ANDI  T3,3 KEEP POS'N IN WORD
DPB T3,PATBN JSTUFF IT INTO AC
POPJ P, |

HERE WHEN PATTERN CODE IS SELECT

SELECT: ILDB T1,AC+1 }GET NEXT SOURCE BYTE
ROT Ti,=1 , tDIVIDE BY 2, SAVING REMAINDER
SKIPGE T1i }SKIP IF REMAINDER=Q
SKIPA T1,E(T1) sLOW BIT WAS 1, USBE RIGHT HALF
MOVS T1,E(T1) }USE LEFT HA&FWORE

}WE NOW HAVE THE TRANSLATE FUNCTION FOR THE CQR%EHT SOURCE BYTE
} IN THE RIGHT HALF OF T1,., BITS 18+20 SPECIFY CONTROL

} FUNCTIONS, o

# AND BITS 2135 ARE THE TRANSLATED VALUE OF THE SOURCE BYTE,

TRNE. T1,5.BIT 1S BIT SET IN TABLE?
TLO ACyN,FLAG '~ $1YES, SET N FLAG
LDB ngl?QINT 2,T71,20)

XCT CTLTIBL(T2) 1?ERFDR& RﬁQﬂEﬁTED CONTROL
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JUMPL AC,STDEST t1IF 8 FLAG ALREADY 1, STORE

TRNN T1,5,B1I7 $1S5 5 BIT SET IN TABLE?

JRST STFILL $NO, TRY TO STORE FILL CHAR

TLO ACs85,FLAG 'YES, SET S FLAG

PUSHJ  P,STFLOT $MARK THIS, AND TRY FLOAT
STDEST: ANDI T1,077777 fKEEP ONLY XLATE FUNCTION VALUE
STUFF: IDPB T1.AC+4 $STORE IT IN DESTINATION STRING

JRST PNOP $DONE

sTABLE OF CONTROL OPERATIONS FOR TRANSLATE FUNCTIONS

CTLTBL: JFCL 10, DO NOTHING
JRST EDABRT 1, ABORT THE EDIT
TLZ AC,M,FLAG 72, CLEAR M FLAG
TLO “AC, M, FLAG ?3, SET M FLAG

{HERE WHEN PATTERN CODE SAYS EXCHANGE MARK AND DEST POINTERS.

EXCHMD? EXCH AC+4,0(AC*+3)
JRST PNOP 1GO TO NEXT

tHERE WHEN PATTERN WANTS A MESSAGE CHARACTER QUTPUT

MESSAG: JUMPGE AC,STFILL ;IF NO SIGNIFICANCE,
' ; PUT FILL CHAR
ANDI T1,77 }GET MESSAGE SELECTOR
ADDI T1,(E0) $ INDEX INTO PARAMETER LIST
MOVE T1.1(T1) sPICK UP MESSAGE CHAR

JRST  STUFF PPUT IT INTO DEST STRING

JHERE TO GET AND STURE FILL CHAR, IF ANY

STFILL: SKIPN  T1,1(E0) ;15 THERE A FILL CHAR?
JRST  PNOP N
JRST  STUFF $YES, STORE IT

$HERE IS SUBROUTINE TO STBR&xFLQAT CHAR

STFLOT: MOVEM  AC+4,0(AC+3) JCOPY DEST TO MARK POINTER
SKIPE  T2,2(E0) $IF THERE'S A FLOAT CHAR,
1DPB T2,AC+4 }STORE IN DESTINATION STRING

CPOPJ: POPJ P, $ RETURN

$HERE WHEN PATTERN FORCES SIGNIFICANCE

SIGST: TLON AC»S5,FLAG tFORCE AND TEST S FLAG
PUSHJ P, 8TFLOT $IT WAS OFF, STURE FLOAT CHAR
JRST PNOP '

JHERE WHEN PATTERN INDICATES START OF NEW FIELD
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FLDSEP: TLZ

JRST ‘PNOP

JHERE FOR SKIPS

AC)S,FLAGIN,FLAG!M,FLAG FCLEAR ALL FLAGS

SKPM? TLAN AC/M,FLAG tTEST M FLAG
JRST PNOP JWAS OFF, IGNORE SKIP LENGTH
JRST SKPA $ TAKE THE SKIP

SKPN? TLNN AC,N,FLAG ;TEST N FLAG
JRST PNOP $OFF, IGNORE SK1P

SKPA1 AND] 1,77 '
ADDI T3,1(T1) $ADD THE SKIP DISTANCE
PUSHJ P, INCPBN JRESOLVE TO NEXT PATTERN BYTE
JRST :

EDITLP

' $HERE FOR COMPARES

CSL3 PUSHJ  P,CMPS
JUMPL  T1,CPOPJ1 $SKIP IF LESS
POPJ P,

CSE$ PUSHJ  P,CMPS
JUMPE  T1,CPOPJ 3SKIP IF EQUAL
PORJ P,

CSLEt PUSHJ  P,CMPS
JUMPLE T1,CPOPJ1
POPJ P,

CSGE: PUSHJ  P,CMPS
JUMPGE T1,CPUPJ1
POPJ P,

CSN3  PUSHJ  P,CMPS

' JUMPN  T1,CPOPJ1

POPJ P,

CSG: PUSHJ  P,CMPS
JUMPG  T1,CPOPJ1
POPJ P,

JHERE FOR ALL STRING COMPARES

i COMMON CODE RETURNS COMPARE CONDITION IN T1

CMPS: TLNN AC¢777000 $SRC: LENGTH IS AC9«35
TLNE AC+3,777000 }DEST LEN 1S AC+3 9=35
JRST U o
JUMPE AC,CMPS $FILL SRC IF SRC LEN ZERD
JUMPE AC+3,CMP3 sFILL DST IF DST LEN ZERO
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CMP2:

CMP3:

CMP4:

CMPS
CMP63

CMP73s
CMPS:

CMPEQ3

CMPQE:

5.1 TRANSLATE TABLE FORMAT e

ADDR

Elw=>

.
E1+N==> TRANSLATE FUNCTION 2#N

1LDB
ILDB
CAME

- JRST

SOJLE
sOJ6

MOVE

ILDB
CAME
JRST
S0JG
JRST

JUMPE
JEST
SOJLE
MOVE
ILDB
CAME
JRST-
S0JG

MOVEI
POPJ

CAMG
TLOA
MOVEI
POPJ

Ti1,AC+1
T2,AC+4
T1,T2
CMPNE
AC,CMP6
AC+3,CMP2

T2, 2(E0)

T1,AC+1
T1,T2
CMPNE
AC,CMP4
CMPEQ

AC+3,CMPEQ
CMP7

AC+3,CMPEQ

T1,1CEQ)
T2.AC+4
T1,72
CHPNE
AC+33CMPB

T1,0
Py

T1,7T2
T1,400000
T1,1

P,

LEFT HALF

TRANSLATE FUNCTION 0
El*iwn) TRANSLATE FUNCTION 2

.-
L

1GET SOURCE BYTE

¢+ AND DESTINATION BYTE
tEQUAL?

1NO, STOP HERE

: IS8 SRC LEN EXHAUSTED?
$NO, HOW ABOUT DEST?

JFILL DEST & COMPARE REMAINING

$S0URCE

$GET SRC BYTE
3 16 IT EQ DEST FILLER?
INO, STOP

}YES, LOOP FOR REST OF SRC
}STRINGS EQUAL,,,

#SRC & DEST BOTH ZERO LENGTH?
$NOy FILL SRC

tDEST EXHAUSTED TOO?

$GET SRC FILL CHAR

;GET NEXT DEST BYTE

$SRC. FILL EQ DEST BYTE?

+ NO

$YES, LOOP FOR REST OF DEST

s STRING

$RETURN EQUALITY

$SRC GREATER THAN DEST?

NO, RETURN LESS
$YES, RETURN GREATER

RIGHT HALF

TRANSLATE FUNCTION 1
TRANSLATE FUNCTION 3
*

4 .
TRANSLATE FUNCTION 2#N+1

TRANSLATE FUNCTIONS ARE HALFWORDS, IN WHICH THE HIGH=ORDER 3
BITS CONTROL THE EDITING PROUCESS, AND THE LOW=ORDER 15 BITS hRE
THE TRANSLATED VALUE OF THE CGRRESPDNDING SOURCE BYTE:2

BIT 0/18
BITS 1=2/19=20

- 8 BIT, slﬁﬂLFlﬂﬁ THAT TH1$~GKARACTER

IS NOT TO BE SUPPRESSED,

IF 0, NO EFFECT,
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IF 1, ABORT THE EDIT,
IF 2, CLEAR THE M FLAG,
IF 3, SET THE M FLAG,

5¢2 PARAMETER LIST FORMAT

EQ=w>  EXTEND OP, @, XR, Y $AC FIELD MUST BE ZEROD
EO+1==> FILL CHAR/MESSAGE 0 .

EO+2==> FLOAT CHAR/MESSAGE 1

EO+3=«> MESSAGE 2

EO+4=»> MESSAGE 3

L
»

L
EO+100 MESSAGE 77

6.0 SIMILARITY TO STRING INSTRUCTION

THE EXTENDED INSTRUCTION SET IS INTENDED TO PROVIDE THE
FUNCTIONAL CAPABILITIES OF THE PREVIOUSLY DEFINED "STRING”
IN&TRUCTIGN, WHICH IT REPLACES, THE CHANGE WAS MADE TO PROVIDE
SMOOTH EXPANSION INTO FUTURE INSTRUCTION SET EXTENSIONS, WHILE
RETAINING THE FLAVOR OF THE PDP=10 ARCHITECTURE, FUNCTIONALLY,
THIS LIST DIFFERS FROM THE CAPABILITIES OF THE STRING
INSTRUCTION IN THAT MOVE AND COMPARE STRING OPERATIONS HAVE
SEPARATE LENGTH SPECIFICATIONS FOR THE TWO STRINGS, MOVE
OPERATIONS ARE CAPABLE OF RIGHT»JUSTIFYING THE DESTINATION
STRING, AND COMPARE  OPERATIONS HAVE LOST THE CAPABILITY OF
MODIFYING THE SOURCE BYTES BEFORE COMPARISON,

740 PROBLEMS .

- FILLING IS THE PROCESS OF EXTENDING A STRING WITH A CONSTANT

CHARACTER TO MEET A PREVIOUSLY SPECIFIED LENGTH, IT OCCURS IN
SEVERAL OF THE OPERATIONS OF THE EXTENDED INSTRUCTION SET, BUT
THERE I8 NO CONSISTENCY WHATEVER TO THE SPEC OF HOW IT
OCCURS 44,

IN STRING MOVE, FILLING ALWAYS OCCURS, 1IN EDIT, AS CURRENTLY
SPEC'D, (E0+1) IS THE FILL CHAR UNLESS (EO+1) IS ZERD, IN WHICH
CASE THERE IS NO FILL CHAR, 1IN BINARY TO DECIMAL CONVERSION,
THE EXISTANCE OF A FILL CHARACTER IS CONTROLLED BY THE |
SIGNIFICANCE FLAG, CAN'T WE COME UP WITH A  CONSISTENT
MECHANISM? |

[END OF 2P10RO,SPC]
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1, SUMMARY

THE PDP=10 ORDER CODE 1I$ DIVIDED INTO SEVERAL CLASSES OF
INSTRUCTIONS,  HOWEVER THE FORMAT IS THE SAME, EXCEPT FOR THE
10 CLASS INSTRUCTIONS AND THE EXTEND INSTRUCTION, OPCODES
000«677 USE THE FIRST 9 BITS OF THE INSTRUCTION TO SPECIFY THE
OPCODE, IF THE OPCODE 18 EXTEND, BITS 0=8 OF THE CONTENTS OF
THE EFFECTIVE ADDRESS SPECIFY ANOTHER OPCODE IN THE EXTENDED
SET OF OPCODES, 1IF THE OPCODE 1S XCT, BITS 0«8 OF THE CONTENTS
OF THE EFFECTIVE ADDRESS SPECIFY ANOTHER OPCODE IN THE NORMAL
SET OF OPCODES, THE 1/0 INSTRUCTIONS (DPCODES 700=777) ALL
HAVE BITS 0«2 = 7, BITS 3=9 SPECIFY THE 7 BIT DEVICE CODE,
BITS 10~12 SPECIFY ONE OF 8 GENERAL I/0 INSTRUCTIONS,

GENERAL INSTRUCTION FORMATS

0 8 9 12 13 14 17 18 35
o w.-y L LT + re LTy ¥ - -
OPCODE (9) AC (4) e XR (4)  ADDRESS (18)
tomamm oy +mmmmd + Emewy E A L 2 L B L L o

I/0 INSTRUCTION FORMATS
02 3 9 10 12 13 14 17 18 35

L AL 3 bl L X S L Lo 2L Y B2 *ﬁvuvnmvnupwuam+ L 4 {uunuf ~*wqw-qwqw~uf

7  DEVICE CODE (7) 1/0 FUNCTION (3) @ XR (4) ADDRESS (18)

%i* *inqmuﬂmaniﬂ*- La Al Ll LI LIS Y T 2 703 + }Qnmr* *mmnw-#nnﬁn*
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2., OPCODE NUMERICAL LISTING

IN THE FOLLOWING TABLE, ALL OPCODES ARE LISTED IN INCREASING
NUMERICAL VALUE IN THE VALUE FIELD,

THE DEFINED SYMBOL OR SYMBOLS ARE GIVEN IN THE SYMBOL FIELD,.
THESE ARE THE SYMBOLS T0 BE USED 1IN ALL PROGRAMS AND ARE
DEFINED IN THE MACRO ASSEMBLER SYMBOL TABLE,

THE NOTE FIELD INDICATES WHETHER THE QPCODE IS DEFINED ON THE
PDP=6, KA10, KI10, OR KL10 SYSTEMS USING THE NOTATION 6, A, I
AND L RESPECTIVELY AND IN THAT ORDER, A DASH (=) IN THE
APPROPRIATE POSITION MEANS THAT THE OPCODE 1S NOT IMPLEMENTED
ON THAT SYSTEM, A BLANK FIELD IS THE SAME AS 6AIL AND MEANS
THE OPCODE 18 IMPLEMENTED ON ALL SYSTEMS IN THE SAME WAY, AN
ASTERISK (#) AFTER THE NOTE FIELD MEANS THAT THE INSTRUCTION
DOES NOT WORK EXACTLY THE SAME ON ALL MACHINES, SEE INDICATED
CHAPTER FOR DIFFERENCE, A QUESTION MARK AFTER THE NOTE FIELD
MEANS THAT THE INSTRUCTION MAY BE DELETED FROM FUTURE RELEASES
OF THE KL10 MICRO=CODE AND MAY NOT BE IMPLEMENTED ON A
SUCCESSOR MACHINE, S

THE NAME FIELD IS THE OFFICIAL ENGLISH NAME FOR THE OPCODE AND
15 THE NAME TO BE USED IN ORDINARY SPEECH AND WRITING, THE
CORRESPONDING LETTERS FROM THE SYMBOL ARE CAPITALIZED, THE
NAME FIELD ALSO CONTAINS NUTES OF DIFFERENCES, '

NOTEs MUUOS (40=77) ARE USED TO CALL THE TOPS10 OPERATING
SYSTEM, WHILE JSYS (104) IS USED TO CALL THE VIRDS OPERATING
SYSTEM, UNUSED OPCODES 100~127 TRAP ON THE KA10, UNUSED
OPCODES 247 AND 257 ARE NO=OPERATIONS ON THE KAl10, ALL UNUSED
OPCODES. TRAP ON THE KI10 ANpD KL1O, ' '
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VALUE SYMBOL NOTE CHAPTER NAME

000 -TLLEGAL.

001«037 ' -LUUGS

040 CALL CALL OPERATING SYSTEM

041 INIT , INITIALIZE USER CHANNEL
042=046 RESERVED FOR CUSTOMER DEFINED

CALLS (UUGS) TO THE OPERATING
SYSTEM AND CUSTUMER DEFINED

. OPCODES WITH MODIFIED
MICRO=CODE (BY DIGITAL SPECIAL
SYSTEMS OR ADVANCED SYSTEMS

GROUPS)

047 CALLI CALL OPERATING SYSTEM IMMEDIATE
050 OPEN : OPEN USER CHANNEL
051 TTCALL TTY TERMINAL CALL
052+054 RESERVED FOR DEC OPERATING

o SYSTEMS \
085 RENAME RENAME FILE
056 IN INPUT BUFFER AND SKIP IF ERROR
057 ouT OUTPUT BUFFER AND SKIP IF ERROR
060 SETST SET USER CHANNEL STATUS
061 STATO SKIP ON STATUS ONES
062 STATUS READ STATUS |

GETSTS GET STATUS

063 STATZ SKIP ON RTATUS ZEROES
064 INBUF SETUP INPUT BUFFER
065 OUTBUF SETUP OUTPUT BUFFER
066 INPUT GET INPUT BUFFER
067 QUTPUT RELEASE OUTPUT BUFFER
070 CLOSE CLOSE USER CHANNEL
071 RELEAS RELEASE USER CHANNEL
072 MTAPE MAGTAPE FUNCTION
073 UGETF GET FREE BLUCK NUMBER
074 USETI SET INPUT BLOCK NUMBER
07% USETO SET ODUTPUT BLOCK NUMBER
076 LOOKUP LOOKUP FILE ON USER CHANNEL

077 ENTER ' - ENTER FILE ON USER CHANNEL
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100 UJEN wAwm ‘USER JUMP AND ENABLE

101 ILLEGAL = RESERVED FOR DEC
102 ILLEGAL = RESERVED FOR DEC
103 ' ILLEGAL = RESERVED FOR DEC:
104 J8YS mewl 2,5 JUMP TO SYSTEM

SEE VIR0US FUNCTIONAL
SPECIFICATION AND JSYS MANUAL
FOR SYMBOLS FOR EACH CALL AND
DESCRIPTION OF ARGUMENTS,

105 ADJSP  weslL 2,5 ADJUST STACK POINTER
106 ILLEGAL = RESERVED FOR DEC
107 ILLEGAL = RESERVED FOR DEC:
110 DFAD ==l DOUBLE PRECISION FLOATING ADD
| AND ROUND
111 DFSB  weIL DOUBLE PRECISION FLOATING
SUBTRACT
AND ROUND
112 DFMP  w=IL¥ 1,3 DOUBLE PRECISION FLOATING
| MULTIPLY
AND ROUND
113 DFDV  w==IL® 1,3 DOUBLE PRECISION FLOATING
DIVIDE
AND ROUND
114 DADD  weslL 2,4 DOUBLE PRECISION INTEGER ADD
115 DSUB  wesl 2,4 DOUBLE PRECISION INTEGER
SUBTRACT
116 DMUL  =wel 2,4 DOUBLE PRECISION INTEGER
| MULTIPLY
117 DDIV  em=l 2,4 DOUBLE PRECISION INTEGER DIVIDE
120 DMOVE  ==IL 1,3  DOUBLE MOVE
121 DMOVN  ==IL 1,3 DOUBLE MOVE NEGATIVE
122 FIX well FIX
123 EXTEND ww=L ' EXTENDED OPERATION CODES
124 DMOVEM =eIL¥ 1,3  DOUBLE MOVE TO MEMORY
125 DMOVNM ==IL% 1,3 DOUBLE MOVE NEGATIVE TO MEMORY
126 FIXR  w=IL FIX AND ROUND
127 FLTR  ==IL FLOAT AND ROUND
130 UFA ~AIL? 1.3 UNNORMALIZED FLOATING ADD
131 DFN «AIL? 1,3 DOUBLE FLOATING NEGATE
132 FSC * 1,3 'FLOATING SCALE
133 I8P 6AIL* 1,3 INCREMENT BYTE POINTER
ADJBP ===l 2,5 ADJUST BYTE POINTER
134 ILDB. 1.3 INCREMENT POINTER AND LOAD BYTE
. INTO AC
135 LDB 1,3 LOAD BYTE INTO AC
136 10PB 1.3 INCREMENT POINTER AND DEPOSIT
| BYTE INTO MEMORY
137 DPB 1,3 DEPOSIT BYTE INTO MEMORY
140 FAD * 1,3 FLOATING ADD
141 FADL  6AIL? 1,3 FLOATING ADD LONG
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142 FADM * 1,3 FLOATING ADD TO MEMORY
143 FADB * 1,3 FLOATING ADD TO BOTH
144 FADR FLOATING ADD AND ROUND
145 FADRI  =AIL FLOATING ADD AND ROUND
IMMEDIATE
146 FADRM FLOATING ADD AND ROUND TO
| MEMORY
147 FADRB FLOATING ADD AND ROUND TO BOTH
150 FSB * 1,3 FLOATING SUBTRACT
151 FSBL  6AIL* 1,3 FLOATING SUBTRACT LONG
152 FSBM ¥ 1,3 FLOATING SUBTRACT TQ MEMORY
153 FSBB » 1,3 FLOATING SUBTRACT TO BOTH
154 FSBR FLOATING SUBTRACT AND ROUND
155 FSBRI  =AIL FLOATING SUBTRACT AND ROUND
IMMEDIATE
156 FSBRM FLOATING SUBTRACT AND ROUND
| | TO MEMORY ,
157 FSBRB FLOATING SUBTRACT AND ROUND
TO BOTH
160 FMP \ FLOATING MULTIPLY
161 FMPL  6AIL? 1,3 FLOATING MULTIPLY LONG
162 FMPM FLOATING MULTIPLY TO MEMORY
163 FMPB FLOATING MULTIPLY TG BOTH
164 FMPR FLOATING MULTIPLY AND ROUND
165 FMPRI  =AIL FLOATING MULTIPLY AND ROUND
IMMEDIATE
166 FMPRM FLOATING MULTIPLY AND ROUND
o T0 MEMORY
167 FMPRB FLOATING MULTIPLY AND ROUND
‘ TO BOTH
170 FOV FLOATING DIVIDE
171 FDVL  6AIL? 1,3 FLOATING DIVIDE LONG
172 FDVM FLOATING DIVIDE TO MEMORY
173 FDVB FLOATING DIVIDE TO BOTH
174 FDVR FLOATING DIVIDE AND ROUND
175 FDVRI  =AIL FLOATING DIVIDE AND ROUND
IMMEDIATE
176 FDVRM FLOAING DIVIDE AND ROUND
TO MEMORY
177 FDVRB FLOATING DIVIDE AND ROUND

TO BOTH
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200 MOVE MOVE

201 MOVEI MOVE IMMEDIATE TO AC

202 MOVEM MOVE TO MEMORY

203  MOVES MOVE TO SELF

204 MOVS ‘ MOVE SWAPPED ~

205 MOVSI MOVE SWAPPED IMMEDIATE TO AC

206 MOVSM MOVE SWAPPED TO MEMORY

207 MOVSS MOVE SWAPPED TO SELF

210 MOVN MOVE NEGATIVE

211 MOVNI , - MOVE NEGATIVE IMMEDIATE TO AC

212 MOVNM MOVE NEGATIVE TO MEMORY

213 MOVNS MOVE NEGATIVE TO SELF

214 MOVM MOVE MAGNITUDE

215 MOVMI MOVE MAGNITUDE IMMEDIATE TO AC

216 MOVMM MOVE MAGNITUDE 70 MEMORY

217 MOVMS MOVE MAGNITUDE TO SELF

220 IMUL INTEGER MULTIPLY

221 IMULT INTEGER MULTIPLY IMMEDIATE

222  IMULM INTEGER MULTIPLY TO MEMORY

223 IMULB INTEGER MULTIPLY TO BOTH

224 MUL MULTIPLY

225 MULI MULTIPLY IMMEDIATE

226 MULM MULTIPLY TO MEMORY

227 MULB MULTIPLY TO BOTH

230 IDIV INTEGER DIVIDE

231 IDIVI ' INTEGER DIVIDE IMMEDIATE

232 IDIVM . INTEGER DIVIDE TO MEMORY

233 IDIVB INTEGER DIVIDE T0 BOTH

234 D1V DIVIDE

235 DIVl DIVIDE IMMEDIATE

236 DIVM DIVIDE TO MEMORY

237 DIVB DIVIDE TO BOTH

240 ASH ARITHMETIC SHIFT

241 ROT . ROTATE

242 LSH LOGICAL SHIFT

243 JFFO »AIL JUMP IF FIND FIRST ONE

244 ASHC : ARITHMETIC SHIFT COMBINED

245 - ROTC ROTATE COMBINED

246 LSHC ' LOGICAL SHIFT COMBINED

247 6Am= NO: OPERATION » RESERVED TO DEC
wall ILLEGAL INSTR TRAP « RESERVED

TQ DEC
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250 EXCH ‘ EXCHANGE AC: AND MEMORY
251 BLT BLOCK TRANSFER '
252 AOBJP * ADD ONE TO BOTH HALVES OF AC

AND JUMP IF POSITIVE
[KI DIFFERENT FROM KA] :
253 AOBJN * ADD ONE TO BOTH HALVES OF AC
' AND JUMP IF NEGATJIVE
[KI DIFFERENT FROM KA}

254 JRST * 1.3 JUMP RESTORE
254040 PORTAL e=IL PORTAL (JRST 1,)
254100 JRSTF JUMP: AND RESTORE FLAGS
: (JRST 24) ‘
254200 HALT HALT (JRST 4y)
254240 RPCF mewl# 2,2 RESTORE PC' AND FLAGS (JRST 5,)
254300 RPCFD wewl® 2,2 RESTORE PC AND FLAGS THEN
DISMISS
(EXEC=ONLY) (JRST 6,)
254340 EPCF wewl¥ 2,2 EXCHANGE PC: AND FLAGS
’ (EXEC=ONLY)
(JRST 7,)
254500 JEN JUMP AND ENABLE PI CHAHNEL
' (JRST 12,)
254600 SFM mmml ¥ 2,2 SAVE FLAGS IN MEMORY (JRST 14,)
255 JFCL JUMP ON FLAG AND CLEAR IT
255040 JFOV JUMP ON FLOATING OVERFLOW
(JFCL 14) :
(ON PDP*6 THIS WAS PC CHANGE
. FLAG)
255100 JCRY! _ JUMP ON CARRY 1 (JFCL 2,)
255200 JCRYO JUMP ON CARRY 0 (JFCL 4,)
255300 JCRY JUMP CARRY (JFCL 6,)
255400 Jov JUMP ON OVERFLOW (JFCL 10,)
256 XCT EXECUTE (USER MODE)
XCT -] EXECUTIVE EXECUTE (EXEC MODE)
PXCT mwml ¥ 2,3 KL = PREVIOUS*CONTEXT XCT
(EXEC~MODE)
257 NO=OF  BAww NO=OPERATION
' MAP wn]w . MAP AN ADDRESS (USER MODE) _
MAP IR MAP AN Annaﬁss:gﬁxgc MODE ONLY)
260 PUSHJ. _ PUSH PC DOWN AND JUMP
261 PUSH : PUSH DOWN
262 POP POP UP
263 POPJ POP PC 'UP AND JUMP
264 - JSR JUMP TO SUBROUTINE
265 JSP JUMP AND SAVE PC
266 JSA - JUMP AND SAVE AC

267 JRA JUMP AND RESTORE AC
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270 ADD ADD
271 ADDI ADD IMMEDIATE
272 ADDM ADD TO MEMORY
273 ADDB ADD TO BOTH
274 SUB SUBTRACT
275 SUBIL SUBTRACT IMMEDIATE
276 SUBM SUBTRACT TO MEMORY
211 SUBB SUBTRACT TO BOTH
300 CAL COMPARE AC IMMEDIATE (NO=OP)
301 CAIL COMPARE AC IMMEDIATE AND SKIP
- IF AC LESS
302 CAIE COMPARE AC IMMEDIATE AND SKIP
_ IF AC EQUAL
303 CAILE COMPARE AC IMMEDIATE AND SKIP
| | - IF AC LESS DR EQUAL
304 CAIA COMPARE AC IMMEDIATE AND SKIP
ALWAYS
305 CAIGE COMPARE AC IMMEDIATE AND SKIP
| IF AC GREATER OR EQUAL
306 CAIN COMPARE AC IMMEDIATE AND SKIP
IF AC NOT EQUAL
307 CAIG COMPARE AC IMMEDIATE AND SKIP
o IF AC GREATER
310 CAM COMPARE AC WITH MEMORY (NO=OP)
311 CAML COMPARE AC WITH MEMORY AND SKIP
| IF AC LESS |
312 CAME | COMPARE AC WITH MEMORY AND SKIP
| | IF AC EQUAL |
313 CAMLE COMPARE AC WITH MEMORY AND SKIP
| IF AC LESS OR EQUAL 1
314 . CAMA : 'COMPARE AC WITH MEMORY AND SKIP
ALWAYS | | |
315 CAMGE COMPARE AC WITH MEMORY AND SKIP
IF AC GREATER OR EQUAL
316 CAMN COMPARE AC WITH MEMQORY AND SKIP
IF AC NOT EQUAL

317 CAMG COMPARE AC WITH MEMORY AND SKIP
- ‘ IF AC GREATER
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320 JumMp JUMP. IF AC NEVER (NO=OP)

321 JUMPL JUMP IF AC LESS

322 JUMPE JUMP IF AC EQUAL

323 JUMPLE JUMP IF AC LESS OR EQUAL

324 JUMPA JUMP ALWAYS ‘

325 JUMPGE JUMP IF AC GREATER OR EQUAL

326 JUMPN , JUMP IF AC NOT EQUAL

327 JUMPG | ' JUMP IF AC GREATER

330 SKIP SKIP NEVER (NO=OP)

331 SKIPL SKIP IF MEMORY LESS

332 SKIPE SKIP IF MEMORY EQUAL

333 SKIPLE SKIP IF MEMORY LESS OR EQUAL

334 SKIPA ~ SKIP ALWAYS

335 SKIPGE SKIP IF MEMORY GREATER OR
EQUAL

336 SKIPN SKIP IF MEMORY NOT EQUAL

337 SKIPG : SKIP IF MEMORY GREATER

340 ADJ ADD ONE TO AC AND JUMP IF NEVER

341 AOJL ~ ADD ONE TO AC AND JUMP IF LESS

342 AOJE ADD ONE TO AC AND JUMP IF EQUAL

343 AOJLE ADD ONE TO AC: AND JUMP IF LESS
OR EQUAL

344 ADJA ADD ONE TO AC AND JUMP ALWAYS

345 AOJGE ADD ONE TO AC AND JUMP IF

‘ f GREATER OR EQUAL

346 AOJN ADD ONE TOU AC AND JUMP IF NOT
EQUAL ,

347 A0JG ' - ADD ONE TO AC AND JUMP IF

GREATER
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L3so AOS ADD ONE TO MEMORY AND SKIP
NEVER: A
351 AOSL B ADD ONE TO MEMORY AND SKIP IF
LESS. '
352 AQSE ‘ ADD ONE TO MEMORY AND SKIP IF
EQUAL
353 AOSLE ADD ONE TO MEMORY ARD SKIP IF
o - LESS OR EQUAL ‘
354 AOQSA ADD ONE TO MEMORY AND SKIP
ALWAYS
355 AUSGE. ADD ONE TO MEMORY AND SKIP IF
' GREATER OR EQUAL ‘
356 AOSN ADD ONE TO MEMORY AND SKIP IF
‘NOT EQUAL
357 AOSG ADD ONE TO MEMORY AND SKIP 1IF
' ' GREATER :
3e0 s0J SUBTRACT ONE FROM AC AND JUMP
' NEVER ‘
361 SOJL : SUBTRACT ONE FROM AC AND JUMP
IF LESS '
362 SOJE SUBTRACT ONE FROM AC AND JUMP
: IF EQUAL '
363 SOJLE : SUBTRACT ONE FROM AC AND JUMP
IF LESS OR EQUAL
364 S0.JA SUBTRACT ONE FROM AC AND JUMP
' ALWAYS
365 SOJGE SUBTRACT ONE FROM AC AND JUMP
IF GREATER OR EQUAL ‘
366 SOJN SUBTRACT ONE FROM AC AND JUMP
' IF NOT EQUAL
367 S0JG. SUBTRACT ONE FROM AC AND JUMP
, IF GREATER '
370 s0S SUBTRACT ONE FROM MEMORY AND
SKIP NEVER o
3N SOSL SUBTRACT ONE FROM MEMORY AND
o SKIP IF LESS ‘
372 SOSE SUBTRACT ONE FROM MEMORY AND
SKIP 1F EQUAL
373 SOSLE SUBTRACT ONE FROM MEMORY AND
SKIP IF LESS OR EQUAL
374 S0SA SUBTRACT ONE: FROM MEMUORY AND
' SKIP ALWAYS
375 SOSGE ’ SUBTRACT ONE FROM MEMORY AND
' ~ SKIP 1F GREATER OR EQUAL
376 SOSN SUBTRACT ONE FROUM MEMORY AND
' SKIP IF NOT EQUAL
3n S0sG SUBTRACT ONE FROM MEMORY AND

SKIP IF GREATER
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400  SETZ SET ZEROS TO AC
CLEAR  6ewe CLEAR TO AC (NAME BEING PHASED
| ouT)
401 SETZI SET TO ZEROS TO AC IMMEDIATE
CLEARL 6=== CLEAR TO AC IMMEDIATE (NAME
BEING PHASED OUT)
402 SETZM SET TO ZEROS TO MEMORY
~ CLEARM 6emm CLEAR TO MEMORY (NAME BEING
” PHASED OUT)
403 SETZB - SET TO ZEROS TO BOTH
CLEARB 6wwe CLEAR TO BOTH (NAME BEING
| PHASED OUT)
404 AND | AND TO AC
405 ANDI AND TO AC IMMEDIATE
406 ANDM AND TO MEMORY
407 ANDB AND TO BOTH
410 ANDCA | AND WITH COMPLEMENT OF AC
411 ANDCAI AND WITH COMPLEMENT OF AC TO AC
IMMEDIATE
412 ANDCAM AND WITH COMPLEMENT OF AC TO
MEMORY
413 ANDCAB AND WITH COMPLEMENT OF AC TO
BOTH
414 SETM SET MEMORY TO AC
415 SETMI SET MEMORY TO AC IMMEDIATE
MOVXA  w=el¥é 2,2 MOVE EXTENDED ADDRESS
416 SETMM ~ SET MEMORY TO MEMORY
417 SETMB SET MEMORY TO BOTH
420 ANDCM AND WITH COMPLEMENT OF MEMORY
TO AC
421 ANDCMI AND WITH COMPLEMENT OF MEMORY
IMMEDIATE TO AC
422 ANDCMM AND WITH COMPLEMENT OF MEMORY
TO MEMORY
423 ANDCMB AND WITH COMPLEMENT OF MEMORY
. TO BOTH
424 SETA | SET AC
425  SETAI SET AC' TO AC IMMEDIATE
426 SETAM SET AC TO MEMORY

427 SETAB - SET AC TO BOTH
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430 XOR EXCLUSIVE OR TO AC

431 XORI EXCLUSIVE OR TO AC IMMEDIATE
432 XORM EXCLUSIVE OR TO MEMQORY
433 XORB EXCLUSIVE OR TO BOTH
434 IOR INCLUSIVE OR TO AC
OR INCLUSIVE OR TO AC
435 IORI INCLUSIVE OR TO AC IMMEDIATE
i ORI INCLUSIVE OR TO AC IMMEDIATE
436 TORM INCLUSIVE OR: TO MEMORY
i ORM INCLUSIVE OR TO MEMORY
437 10RB INCLUSIVE OR TO BOTH
| ORB INCLUSIVE OR TO BOTH
440 ANDCB AND COMPLEMENTS OF BOTH TO AC
441 ANDCBI AND COMPLEMENTS OF BOTH TO AC
R IMMEDIATE
442 ANDCBM : AND COMPLEMENTS OF BOTH T0
| MEMORY | '
443 ANDCBB AND COMPLEMENTS OF BOTH TO BOTH
444 EQV EQUIVALENCE TO AC ,
445 EQVI EQUIVALENCE TO AC IMMEDIATE
446  EQVM EQUIVALENCE TO MEMORY
447 EQVB 'EQUIVALENCE TO BOTH
450 SETCA SET COMPLEMENT OF AC TO AC
451 SETCAI SET COMPLEMENT OF AC TO AC
IMMEDIATE -
452 SETCAM SET COMPLEMENT OF AC TO
MEMORY |
453 SETCAB SET COMPLEMENT OF AC TO BOTH
454 ORCA | INCLUSIVE OR WTH COMPLEMENT OF
~ ~ AC TO AC
458 ORCAI "INCLUSIVE OR WITH COMPLEMENT OF
o | AC TO AC IMMEDIATE
456 ORCAM - INCLUSIVE OR WITH COMPLEMENT OF
AC TO MEMORY '

457 ORCAB ) INCLUSIVE OR WITH COMPLEMENT OF
' AC TO BOTH o
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460 SETCM 'SET COMPLEMENT OF MEMORY TO
AC
461 SETCMI '~ SET COMPLEMENT OF MEMORY T0
AC IMMEDIATE !
462 SETCMM 'SET COMPLEMENT OF MEMORY TO
) MEMORY
463 SETCMB | SET COMPLEMENT OF MEMORY 10
BOTH
464 ORCM | INCLUSIVE OR WITH COMPLEMENT OF
| MEMORY TO AC: | o
465 ORCMI « INCLUSIVE OR WITH COMPLEMENT OF
| MEMORY TO AC IMMEDIATE
466 ORCMM INCLUSIVE OR WITH COMPLEMENT OF
MEMORY TO MEMORY
467 ORCMB INCLUSIVE OR WITH COMPLEMENT OF
MEMORY TO BOTH
470 ORCB INCLUSIVE OR COMPLEMENTS OF
| BOTH TO AC
471  ORCBI INCLUSIVE OR COMPLEMENTS OF
BOTH TO AC IMMEDIATE
472 ORCBM INCLUSIVE OR COMPLEMENTS OF
| BOTH TO MEMORY
473 ORCBB INCLUSIVE OR COMPLEMENTS OF
BOTH TO BOTH
474 SETO SET ONES TO AC
478 SETOIL SET ONES TO AC IMMEDIATE
476 SETOM SET ONES TO MEMORY

477 SETOB | SET ONES TO BOTH
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500 HLL HALF WORD LEFT T0O LEFT
’ , TO AC )
501 HLLI HALF WORD LEFT TO LEFT
' IMMEDIATE TO AC
502 HLLM HALF WORD LEFT TO LEFT
‘ TO MEMORY :
503 HLLS HALF WORD LEFT TO LEFT
TO SELF
504 HRL HALF WORD RIGHT TO LEFT
TO AC - '
505 HRLI HALF WORD RIGHT TQ LEF?T
' IMMEDIATE T0 AC
506 HRLM HALF WORD RIGHT TO LEFT
| ‘ TO MEMORY
507 HRLS HALF WORD RIGHT TO LEFT
TO SELF -
510 HLLZ HALF WORD LEFT TO LEFT ZEROS
" TO AC ‘
511 HLLZI HALF WORD LEFT TO LEFT ZEROS
IMMEDIATE TO AC ‘ ﬁ
512 HLLZM HALF WORD LEFT TO LEFT ZEROS TO
v MEMORY ‘ ‘
513 BLLZS \ HALF ‘WORD. LEFT TO LEFT ZEROS TO
» , : SELF -
514 HRLZ HALF WORD RIGHT TO LEFT ZEROS
, | TO AC
515 HRLZI ~ HALF WORD RIGHT TO LEFT ZEROS.
IMMEDIATE TOD AC
516 HRLZM HALF WORD RIGHT TO LEFT ZEROS
| / TO MEMORY ' ‘
517 HRLZS HALF WORD RIGHT TO LEFT ZEROS
' TO SELF ‘ ,
520 HLLO HALF WORD LEFT TO LEFT ONES TO
AC
521 HLLOI HALF WORD LEFT TO LEFT ONES
‘ IMMEDIATE TO AC
522 HLLOM HALF WORD LEFT TO LEFT ONES TU
MEMORY | ' \
523 HLLOS HALF WORD LEFT TO LEFT ONES TO
: SELF
524 HRLO HALF WORD RIGHT TO LEFT ONE§ TO
' AC
525 HRLOI HALF WORD RIGHT TO LEFT ONES
IMMEDIATE TO AC ‘
526 HRLOM HALF WORD RIGHT TU LEFT ONES TO
‘ MEMORY o

527 HRLOS : HALF WORD RIGHT TO LEFT ONES TO
' : SELF ) :
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530 HLLE HALF WORD LEFT TO LEFT EXTEND
' SIGN TO AC
531 HLLEZL HALF WORD' LEFT TO LEFT EXTEND
SIGN IMMEDIATE TO AC
532 HLLEM HALF WORD LEFT TO LEFT EXTEND
o ‘ SIGN TO MEMORY
533 HLLES HALF WORD LEFT T0 LEFT EXTEND
) ~ SIGN TO SELF
534 HRLE HALF WORD RIGHT TOU LEFT EXTEND
SIGN TO AC:
535 HRLEI 'HALF WORD RIGHT TO LEFT EXTEND
T SIGN IMMEDIATE T0 AC
536 HRLEM HALF WORD RIGHT TU LEFT EXTEND
‘ SIGN TO MEMDRY
537 HRLES HALF WORD: RIGHT TO LEFT EXTEND
SIGN TO SELF
540 HRR HALF WORD RIGHT TO RIGHT TO AC
541 HRRI HALF WORD RIGHT TO RIGHT
' IMMEDIATE TU AC
542 HRRM , HALF WORD RIGHT TQ RIGHT TO
' MEMORY C
543  HRRS HALF WORD RIGHT TO RIGHT TO
' . SELF '
544 HLR HALF WORD LEFT TO RIGHT TO AC
545 HLRI HALF WORD LEFT TO RIGHT
IMMEDIATE TO: AC '
546 = HLRM , HALF WORD LEFT TO RIGHT
‘ ; TO MEMORY
547 HLRS HALF WORD LEFT TO RIGHT

TO $ELF
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550 HRRZ HALF WORD RIGHT TU RIGHT ZEROS
~ ‘ TO AC
551 HRRZI HALF WORD RIGHT TO RIGHT ZEROS
' IMMEDIATE TO AC
552 HRRZM ~ HALF WORD RIGHT TO RIGHT ZEROS
B ~ TO MEMORY , ' ’
553 HRRZS HALF WORD RIGHT TO RIGHT ZEROS.
’ TO SELF ‘ | o
554 HLRZ HALF WORD LEFT TO RIGHT ZEROS
TO AC
555 HLRZI HALF WORD LEFT TO RIGHT ZEROS
IMMEDIATE TO AC
556 HLRZM HALF WORD LEFT TO RIGHT ZERDS
' TO MEMORY
557 HLRZS HALF WORD LEFT TO RIGHT ZERDS
' TO SELF
560 HRRO HALF WORD RIGHT TO RIGHT ONES
TO AC
561  HRROI , HALF WORD RIGHT TO RIGHT ONES.
IMMEDIATE TO AC ‘
562 HRROM HALF WORD RIGHT TO RIGHT OUNES
TO MEMORY “
563 HRROS HALF WORD RIGHT TO RIGHT ONES
TO SELF ' ’ ,
564 HLRO HALF WORD LEFT TO RIGHT ONES
TO AC
565 HLROI HALF WORD LEFT TO RIGHT ONES
IMMEDIATE TO AC
566 HLROM HALF WORD LEFT TO RIGHT ONES
‘ TO MEMORY ‘
567 HLROS - : HALF WORD LEFT TO RIGHT ONES
TO SELF ' ‘
570 HRRE HALF WORD RIGHT TO RIGHT EXTEND
‘ SIGN TO AC ’
571 HRREI HALF WORD RIGHT TO RIGHT EXTEND
SIGN IMMEDIATE TO AC
572 HRREM , HALF WORD RIGHT TO RIGHT EXTEND
' SIGN TO MEMORY
573 HRRES HALF WORD RIGHT TO RI&HT EXTEND
SIGN TO SELF
574 HLRE HALF WORD LEFT TO RIGHT EXTEND
SIGN TO AC
575 HLREI HALF WORD LEFT TO RIGHT EXTEND
, SIGN IMMEDIATE TO AC
576 HLREM HALF WORD LEFT TO RIGHT EXTEND
' SIGN TO MEMORY ,
577 HLRES HALF WORD LEFT TO RIGHT EXTEND

SIGN TO SELF
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TEST AC RIGHT WITH E NO
MODIFICATLION AND SKIP NEVER
TEST AC LEFT WITH E NO
MODIFICATION AND SKIP NEVER
TEST AC RIGHT WITH E NO
MODIFICATION AND SKIP IF ALL
MASKED BITS EQUAL 0 :
TEST LEFT WITH E NO
MODIFICATION AND SKIP IF ALL
MASKED BITS EQUAL 0

TEST AC RIGHT WITH E NO
MODIFICATION AND SKIP ALWAYS
TEST AC LEFT WITH E NO
MODIFICATION AND SKIP ALWAYS
TEST AC RIGHT WITH E NO ~
MODIFICATION: AND SKIP IF NOT
ALL MASKED BITS EQUAL 0

TEST AC LEFT WITH E NO
MODIFICATION AND SKIP IF NOT
ALL MASKED BITS EQUAL 0

600 TRN
601 TLN
602 TRNE

603 TLNE

604 TRNA
605 TLNA
606 TRNN

607 TLNN

610
611
612

613

614
615
616

617

TDN

T8N

TDNE

TSKE

TDNA

TSNA

TONN

TSNN

TEST AC WITH
MODIFICATION

TEST AC WITH

MODIFICATION
TEST AC WITH
MODIFICATION

DIRECT MASK NO
AND SKIP NEVER
SWAPPED MASK NO
AND SKIP NEVER
DIRECT MASK NO
AND SKIP IF ALL

MASKED BITS EQUAL 0

TEST AC WITH
MODIFICATION

SWAPPED MASK NO
AND SKIP IF: ALL

MASKED BITS EQUAL 0

TEST AC WITH
MODIFICATION

'TEST AC WITH

MODIFICATION
TEST AC WITH
MODIFICATION

DIRECT MASK NO
AND SKIP ALWAYS
SWAPFPED MASK NOD
AND SKIP ALWAYS
DIRECT MASK NO
AND SKIP IF NOT

ALL MASKED BITS EGUAL 0

TEST AC WITH SWAPPED MASK NO
MODIFICATION AND SKIP IF NOT
ALL MASKED BITS EQUAL 0
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620 TRZ TEST AC RIGHT WITH E SET
MASKED BITS TO ZEROS AND SKIP
NEVER o
621 TLZ TEST AC LEFT WITH E SET
MASKED BITS TO ZEROS AND SKIP
'NEVER - :
622 TRZE TEST AC RIGHT WITH E SET.
' MASKED BITS TO ZEROS AND SKIP
IF ALL MASKED BITS EQUAL 0
623 TLZE , TEST AC LEFT WITH E SET
’ MASKED BITS TO ZEROS AND SKIP
‘ IF ALL MASKED BITS EQUAL 0
624 TRZA TEST AC RIGHT WITH E SET
" MASKED BITS TO ZEROS. AND SKIP
~ ALWAYS ; ‘ ‘
625 TLZA TEST AC LEFT WITH E SET
" MASKED BITS TO ZERDS AND SKIP
ALWAYS . '
626 TRZN TEST AC RIGHT WITH E SET
MASKED BITS TO ZEROS AND SKIP
' IF NOT ALL MASKED BITS EQUAL 0
627 TLZN TEST AC LEFT WITH E SET
MASKED BITS TO ZEROS AND SKIP
IF NOT ALL MASKED BITS EQUAL 0

630 TDZ TEST AC WITH DIRECT MASK SET
| MASKED BITS TO ZEROS AND. SKIP
NEVER “
631 TSZ TEST AC WITH SWAPPED MASK SET
MASKED BITS TO ZEROS AND SKIP
NEVER
632 TDZE TEST AC WITH DIRECT MASK SET
MASKED BITS TO ZEROS AND SKIP
IF ALL MASKED BITS EQUAL 0
633 TSZE TEST AC WITH SWAPPED MASK SET
| MASKED BITS TO ZEROS AND SKIP
| | IF ALL MASKED BITS EQUAL 0
634 TDZA | TEST AC WITH DIRECT MASK SET
| | MASKED BITS TO ZEROS AND SKIP
ALWAYS | |
635 TSZA TEST AC WITH SWAPPED MASK SET
| | MASKED BITS TO ZEROS AND SKIP
ALWAYS - |
636 TDZN TEST AC WITH DIRECT MASK SET
MASKED BITS TO ZERDS AND SKIP
IF NOT ALL MASKED BITS EQUAL 0
637 TSZN TEST AC WITH SWAPPED MASK SET
MASKED BITS TO ZEROS AND SKIP
IF NOT ALL MASKED BITS EQUAL 0
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640 TRC "TEST AC RIGHT WITH E COMPLEMENT

‘ MASKED BITS AND SKIP NEVER

641 TLC TEST AC LEFT WITH E COMPLEMENT
MASKED BITS AND SKIP NEVER

642 TRCE TEST AC RIGHT WITH E COMPLEMENT

MASKED BITS AND SKIP IF ALL
MASKED BITS EQUAL 0
643 TLCE ' TEST AC LEFT WITH E COMPLEMENT
MASKED BITS AND SKIP IF ALL
' MASKED BITS EQUAL 0
644 TRCA TEST AC RIGHT WITH E COMPLEMENT

MASKED BITS AND SKIP ALWAYS
645 TLCA TEST AC LEFT WITH E COMPLEMENT
' MASKED BITS AND SKIP ALWAYS
646 TRCN TEST AC RIGHT WITH E COMPLEMENT

MASKED BITS AND SKIP IF NOT ALL
\ MASKED BITS EQUAL 0
647 TLCN TEST AC LEFT WITH E COMPLEMENT
MASKED BITS AND SKIP IF NOT ALL
MASKED BITS EQUAL 0

650 Ibe TEST AC WITH DIRECT MASK
COMPLEMENT MASKED BITS AND SKIP
NEVER
651 Ts8C TEST AC' WITH SWAPPED MASK
' . COMPLEMENT MASKED BITS AND SKI1P
: ' NEVER
652 TDCE © TEST AC WITH DIRECT MASK
\ COMPLEMENT MASKED BITS AND SKIP
- IF ALL MASKED BITS EQUAL ¢
653 TSCE TEST AC WITH SWAPPED MASK
COMPLEMENT MASKED BITS AND SKIP
' IF ALL MASKED BITS EQUAL 0 ’
654 TDCA _ TEST AC WITH DIRECT MASK
' ' COMPLEMENT MASKED BITS AND SKIP
' ALWAYS
655 TSCA TEST AC WITH SWAPPED MASK
" COMFLEMENT MASKED BITS AND SKIP
: ALWAYS
656 TDCN _ TEST AC WITH DIRﬁCT MASK
" COMPLEMENT MASKED BITS AND SKIP
IF NOT ALL MASKED BITS EQUAL 0©
657 TSCN TEST AC WITH SWAPPED MASK
’ COMPLEMENT MASKED BITS AND SKIP
IF NOT ALL MASKED BITS EQUAL 0
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660 TRO TEST AC RIGHT WITH E SET MASKED
BITS TO ONES AND SKIP NEVER

661  TLD TEST AC LEFT WITH E SET MASKED
BITS TO ONES AND SKIP NEVER

662 TROE TEST AC RIGHT WITH E SET MASKED

BITS TO ONES AND SKIP IF ALL
MASKED BITS EQUAL 0
663 TLOE TEST AC LEFT WITH E SET MASKED
! BITS TO ONES AND SKIP IF ALL
MASKED BITS EQUAL 0

664 TROA TEST AC RIGHT WITH £ SET MASKED
BITS TO ONES AND SKIP ALWAYS

665 TLOA TEST AC LEFT WITH E SET MASKED
BITS TO ONES AND SKIP ALWAYS

666 TRON TEST AC RIGHT WITH E SET MASKED

BITS TO ONES AND SKIP IF NOT
~ ALL MASKED BITS EQUAL 0
667 TLON TEST LEFT WITH E SET MASKED
a BITS TO ONES AND SKIP IF NOT
ALL MASKED BITS EQUAL 0

670 TDO TEST AC WITH DIRECT MASK SET
MASKED BITS TO ONES AND SKIP
| NEVER
671 TSO TEST AC WITH SWAPPED MASK SET
MASKED BITS TO ONES AND SKIP
NEVER |
672 TDOE 'TEST AC WITH DIRECT MASK SET
| : MASKED BITS TO UNES AND SKIP
IF ALL MASKED BITS EQUAL 0
673 TSOE "TEST AC WITH SWAPPED MASK SET
| ‘ MASKED BITS TO ONES AND SKIP
IF ALL MASKED BITS EQUAL 0
674 TDOA. TEST AC WITH DIRECT MASK SET
MASKED BITS TU ONES AND SKIP
‘ | ALWAYS | o
675 TSOA TEST AC WITH SWAPPED MASK SET
| MASKED BITS TO ONES AND SKIP
| ALWAYS |
676 TDON S TEST AC' WITH DIRECT MASK SET
| MASKED BITS TO ONES AND SKIP IF
NOT ALL MASKED BITS EQUAL 0
6717 TSON TEST AC WITH SWAPPED MASK SET
| MASKED BITS TO ONES AND SKIP IF
NOT ALL MASKED BITS EQUAL 0
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700000 BLKI BLOCK IN
700000 APRID READ APR ID
700040 DATAI DATA IN
700040 RSW  6AI= READ SWITCHES (DATAI APR,)
700300 BLKO BLOCK OUT
700100 WRFIL . WRITE CACHE REFILL RAM
700140 DATAD DATA QUT
700200 COND CONDITIONS OUT
700240 CONI v CONDITIONS IN
070030 CONSZ CONDITIONS IN AND SKIP IF ALL
~ MASKED BITS ZERD
700340 CONSO CONDITIONS IN AND SKIP IF SOME
e MASKED BIT ONE
700400 RDERA READ ERROR ADDRESS REGISTER
700500 SBDIAG SBUS DIAGNOSTIC FUNCTIONS
701440 SWPIA SWEEP = INVALIDATE ALL CACHE,
o NO CORE UPDATE
701500 SWPVA : SWEEP = VALIDATE ALL CORE,
| LEAVE CACHE VALID
701540 SWPUA SWEEP = UNLOAD ALL CACHE,
" INVALIDATING CACHE
701640 SWPIO SWEEP = INVALIDATE ONE PAGE,
NO CORE UPDATE
701700 SWPVO SWEEP = VALIDATE ONE PAGE,
| LEAVE CACHE VALID
701740 SWPUO SWEEP = UNLOAD ONE PAGE,
| INVALIDATING CACHE
702000 RDPAC READ PERFORMANCE ANALYSIS
| COUNTER
702100 WRPAE WRITE PERFORMANCE ANALYSIS.

ENABLES
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3, ALPHABETICAL LISTING OF OPCODES

SYMBOL VALUE  NOTE

ADD 270
ADDB 273
ADDI 271
ADDM 272
ADJBP 133 mmw] SAME OPCODE AS IBP
ADJSP 108 mmwl,
AND 404
ANDB- = 407
ANDCA 410
ANDCAB 413
ANDCAI 411
ANDCAM 412
ANDCB 440
ANDCBB 443
ANDCBI 441
ANDCEBM 442
ANDCM 420
ANDCMB 423
ANDCMI 421
ANDCMM 422
ANDI 4058
ANDM 406
AOBJN 253
AOBJP 252
AQYJ 340
AQJA 344
ACJE 342
ADJG 347
AQJGE 345
AQJL 341
AOJLE 343
AOJN 346
ADS 350
AUSA 354
AOSE 352
AQSG 357
"AOSGE. ass:
AOSL 351
AOSLE = 353
AOSN 356
APRID 700000
ASH 240
AHSC 244

BLKI 700000
BLKO 700100
BLT 251

CAx 300
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CAIA 304

CAIE 302

CAIG 307

CAIGE 305

CAIL 301

CAILE 303

CAIN 306

CALL 040 U0
CALLI 047 uuo
CAM 310

CAMA 314

CAME 312

CAMG 317

CAMGE 315

CAML 311

CAMLE 313

CAMN 316

CLOSE 070 uuo
CMPSE 002 EXTEND
CMRSG 007 EXTEND
CMPSGE 005 EXTEND
CMPSL 001 ' EXTEND
CMPSLE 003 = EXTEND
CMPN 006 EXTEND

. CONI 700240
CONO 700200
CONSO 700340
CONSZ 700300

CVIBDO. 012 EXTEND
CVTBDT 013 EXTEND
CVIDBO 010 EXTEND
CVIDBT 011 EXTEND

DATAIL 700040
QATAQ 700140

DFAD 110 w»ilL
DFDV 113 =1l
DFMP 112 =wIl
DFN 131

‘DF8B 111 ==l
DIV 234

DIVB 237

DIVl 235

DIVM 236 :
DMOVE: 120 well
DMOVEM 124 wwll
DMOVN 121 wells
DMOYNM 125 =all,
DPB 137

EBLT 020 EXTEND
EDIT 004 EXTEND
ENTER 017 nuo

EPCF 254340
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EQV 444
EQVB 447

EQVI 445

EQVM 446

EXCH 250

EXTEND 123 weml
FAD 140

FADB 143

FADL 141

FADM 142

FADR 144

FADRB 147

FADRI 145

FADRM 146

FDV 170

FDVB 173

FDVL 171

FDVM 172

FDVR 174

FDVRB 177

FDVRI 175

FDVRM 176

FIX 122 -1l
FIXR 126 ==L
FLTR 127 vell
FMP 160

FMPB 163

FMPL 161

FMPM 162

FMPR 164

FMPRE 167

FMPRI 165

FMPRM 166

FSB 150

FSBB 153

FSBL 151

FSBM 152

FSBR 154

FSBRB 157

FSBRI 155

FSBRM 156

FSC 132

GETSTS 062 uvo
HALT 25420

HLL 500

HLLE 530

HLLEI 531

HLLEM 532

HLLES 533

HLLI 501

HLLM 502
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HLLO 520
HLLOI 521
HLLOM 522
HLLOS 523
HLLS 503
HLLZ 510
HLLZ1 511
HLLZM 512
HLLZS 513
HLR 544 /
HLRE 574
HLREI  §7%
HLREM $76
HLRES 577
HLRI 545
HLRM 546
HLRO 564
HLROI 565
HLROM 566
HLROS 567
HLRS 547
HLRZ 554
HLRZI 555
HLRZM 556
HLRZS 557
HRL 504
HRLE 534
HRLEI 538
HRLEM 536
HRLES 537
HRLI 508
HRLM 506
"HRLO 524
HRLOI 525
HRLOM 526
HRLOS 527
HRLS 507
HRLZ 514
HRLZI  51%
HRLZM 516
HRLZS 517
HRR 540
HRRE 570
HRREI 571
HRREM 572
HRRES 573
HRRI 541
HRRM 542
HRRO 560
HRROI 561
HRROM =~ 562
HRROS 563
HRRS 543

HRRZ 550

/
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HRRZI 551
HRRZM 552
HRRZS 553
18P 133
IDIV 230
IDIVB 233
IVIDI 231
IDIVM 232
IDPE 136
ILDB 134
IMUL 220
INULB 223
IMULI 221
IMULM 222 '
IN 056 Uuo
INBUF 064 Yo
INIT 041 uuo
INPUT 066  UUD
I0R 434
IORB 437
IORI 435
IORM 436

JCRY 255300
JCRY0 255200
JCRY1 255100

JEN 254600
JFCL 255
JFFO 243
JFOV 255040
JOv 255400
JRA 267
JRST 254
JRSTF 254100
JSA 266
JSP 265
JSR 264
JSYS 104 m-=i
JUMP 320
JUMPA 324
JUMPE 322
JUMPG 327
JUMPGE 325
JUMPL 321
JUMPLE 323
JUMPN 326
LDB 135 |
LOOKUP 076 uuo
LSH 242
. LSHC 246

MAP 257 =1L
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MOVE 200
MOVEI 201

MOVEM 202

MOVES 203

MOVHM 214

MOVMI 21§

MOVMM 216

MOVMS 217

MOVN 210

MOVNI 211

MOVNM 212

MOVNS 213

MOVS 204 y
MOVSI 205

MOVSLJ 016 EXTEND
MOVSM 206 |
MOVSO 014 EXTEND
MOVSB 017 EXTEND
MOVSS 207

MOVST 015 EXTEND
MOVXA 418

MTAPE 072 uUo
MUL 224

MULB 227

MULI 225

MULM 226

OPEN 050 uuo

OR 434

ORB 437

ORCA 454

ORCAB 457

ORCAI 455

ORCAM 456

ORCB 470

ORCBB 473

ORCBI 471

ORCBM 472

ORCM 464

ORCB 470

ORCMI . 465

ORCMM 466

ORI 435

ORM 436

ouT 087 uuo
OUTBUF 065 uuo
OUTPUT 067 uuo
POP 262

POPJ 263

PORTAL 254040

PXCT 256 SAME OPCODE AS XCT AND EXCT
PUSH 261

PUSHJ 260
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RDERA 700400
RDPAC 702000

RELEAS 071 Uyo
RENAME 055  UyO
ROT 241
ROTC 245

RPCF 254240
RPCFD 254300

RSW 700040
SBDIAG 700500
SETA =~ 424
SETAB 427
SETAI 425
SETAM 426
SETCA 450
SETCAB 453
SETCAI 451
SETCAM 452
SETCM 460
SETCMB 463
SETCMI 461
SETCMM 462
SETM 414
SETMB 417
SETMI 415
SETMM 416
SETO 474
SETOB 477
SETOI 475
SETOM 476
SETSTS 060 uuo
SETZ 400

'SETZB 403
SETZI 401
SETZM = 402
SFM 254600
SKIP 330
SKIPA 334
SKIPE 332
SKIPG 337
SKIPGE 335
SKIPL 331
SKIPLE 333
SKIPN 336
S0J 360
SOJA 364
SOJE 362
S0JG 367
SOJGE 365
SOJL 361
SOJLE 363
SOJN 366

S08s 370
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A

S08A 374
SOSE 372

S0SG 377

SOSGE 375

sosL 371

SOSLE 373

SOSN 376

STATO 061 uuo
STATUS 062 uuo
STATZ 063 uuo
SUB 274

SuUBB 277

SUBI 275

SuBM 276

SWPIA 701440
SWP10 701640
SWPUA 701540
SWPUO 701740
SWPVA 701500
SWPVD 701700

TDC 650
TDCA 654
TDCE 652
TDCN 656
TDN 610
TONA 614
TDNE 612
TDNN 616
TDO 670
TDOA 674
TDOE 672
TDON 676
TDZ 630
TDZA 634
TDZE 632
TDZIN 636
TLC 641
TLCA 645
TLCE 643
TLCN 647
TLN 601
TLNA 605
TLNE 603
TLNN 607
TLO 661
TLOA 665
TLOE 663
TLON 667
TLZ 621
TLZIA 625
TLZE 623
TLZN 627

TRC 640
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TRCA 644
TRCE 642
TRCN 646
TRN . 600
TRNA 604
TRNE 602
TRNN 606
TRD 660
TROA 664
TROE 662
TRON 666
TRZ 620
TRZA 624
TRZE. 622
TRZN 626
T8C 651
T8CA - 658
TSCE 653
TSCN 657
TSN 611
TSNA 615
TSNE 613
TSNN 617
T80 671
TSOA 678
TSOE 673
TSON 677
-T8Z 631
TSZA 635
T52E 633
TSZN 637
TTCALL 051 uio
UFA 130
UGETF 073 guo
UJEN 100 *hmm
UBSETI 074 uuo
USETO 07s - Uug

WRF1L 700100
WRPAE 702100

XCT 256
XOR 430
XORB 433
XORI 431

XORM 432
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4, I/0 DEVICE CODE ASSIGNMENTS

EACH 1/0 INSTRUCTION SPECIFIES A SEVEN BIT DEVICE CODE IN BITS
3=9, FOR EASE OF READING 1IN AN OCTAL WORD, THE SEVEN BIT
DEVICE CODE IS GIVEN AS A 3 DIGIT OCTAL NUMBER AS IT APPEARS IN
A 36 BIT WORD, THUS THE LOW ORDER OCTAL DIGIT 1S EITHER 0 OR
4, SINCE IT REPRESENTS ONLY ONE BIT, THE CPU COLUMN SPECIFIES
WHICH CPUS THE DEVICE 1S GUOD FOR, S0 FAR THERE ARE 4 CPUS3
PDP=6, KA10, KI10, AND KL10, THEIR SYMBOLS ARE 6, A, I, AND L
RESPECTIVELY, A DASH MEANS NOT AVAILABLE ON THAT CPU, THE
CHAP COLUMN SPECIFIES THE CHAPTER IN THE KL10 FUNCTIONAL
SPECIFICATION WHERE THE DEVICE CODE IS EXPLAINED FOR THE KL10,
IF A DEVICE 1S DIFFERENT FOR DIFFERENT CPUS, IT IS LISTED ON
SEPARATE LINES,. PDP=6 AND PDP=10 OPTION DESIGNATIONS ARE GIVEN
IN BRACKETS, FOLLOWING "63" OR "103", SOME DEVICES REQUIRE TWO
OR THREE DEVICE CODES WHENEVER THEY ARE PRESENT, SUCH DEVICES
ARE INDICATED BY SEPARATING THE DEVICE CODES. BY COMMAS. ON THE
SAME LINE, INSTEAD OF LISTING THEM ON SEPARATE LINES, IN
PRINCIPAL KA AND KI DEVICES (EXCEPT BUILT=IN KA OE KI DEVICES)
CAN BE PUT ON THE KL10 USING THE I/0 BUS ADAPTER, DIA20,
THEREFORE THE OPTION DESIGNATIONS FOR THE 1080, 2040, AND 2060
WHICH GO ON THE 1I/0 BUS RETAIN THEIR DECSYSTEM 10 OPTION
DESIGNATION, E,G, LP10, DEVICE OPTIONS WHICH ARE PRESENT ONLY
ON THE KL10 (1080, 2040, 2060) HAVE A DECSYSTEM 20 OPTION
DESIGNATICN, E,G, DTE20 OR RH20,

VALUE  SYMBOL CPU CHAP NAME
000 APR 6 ARITHMETIC. PROCESSOR
CPA 6 CENTRAL PROCESSOR
APR A , ARITHMETIC PRUCESSOR
APR I ARITHMETIC PROCESSOR
APR L 2,6 ARITHMETIC PROCESSOR
004 PI 6 PRIORITY INTERRUPT
‘ PI A PRIORITY INTERRUPT
PI I PRIDRITY INTERRUPT
PI L 2,6 PRIORITY INTERRUPT
010 DRUM 6 DRUM PROCESSOR
PAG I PAGING CONTROL
PAG L 2,6 PAGING CONTROL.
014 cC1 *Al= - COMPUTER=COMPUTER INTERFACE
(PDP=8, =9)[10: DA10]
CCA L CACHE SWEEP
020 CCI2  =Al= COMPUTER=COMPUTER INTERFACE
' \ (PDP=8, =9)(103 DI10)
TIM mme 2,7 TIMER CLOCKS (BUILT=IN)
024 ADC ~Al ANALOG=DIGITAL CONVERTER

MIR . wewl, 2,7 ACCOUNTING METERS (BUILT=IN)
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030 ADC2 =Al~» ANALOG=DIGITAL CONVERTER

034 UNUSED = RESERVED TO DEC
040 UNUSED = RESERVED Tg DEC
044 UNUSED = RESERVED TQ DEC
050 |  UNUSED = RESERVED TO DEC
054 UNUSED = RESERVED T DEC
060,064 DLB,DLC =AIL PDP=11 DATA LINK [10: DL10]
070  CLK  «AIL REAL TIME CLOCK (103 DK10)

NOTE: ON KL, TIM
SUPERSEDES DK10

074 CLK2  =AIL REAL TIME CLOCK (103 DK10]
“ NOTE: ON KL, TIM
SUPERSEDES DK10

100 PTP 6AIw PAPER TAPE PUNCH (6:760,103
BUILT=IN]
110 COP “AIL 'CARD PUNCH (102 CP10]
114 CDR Gmes CARD READER [6% 461]
120 TTY 6AI~ CONSOLE TELETYPE (63 626,103
BUILT=IN]
124 LPT 6AIL LINE PRINTER [6% 646, 10! LP10)
130 DIS  6AIL DISPLAY (631 340, 103 340]
| IS *AIL DISPLAY (10§ VP10]
134 DIS2  6AIL DISPLAY (63 340, 103 340)
DIS2  =AIL DISPLAY [103 VP10)
140 PLT ~AIL - PLOTTER (103 XY10)
144 PLT2  =AIL PLOTTER (102 XY10)
150 CR =AIL CARD READER (103 CR10]
154 CR2 =AIL | CARD READER [103 CR10)
160 6 PDP=7, 8 INTERFACE TO PDP=6
160,164 DLB2,DLC2 ~AIL PDP=11 DATA LINK (103 DL10}
170 DSK *AIL SMALL DISK [10: RC10, RM10B

174 DSK2 =AlL SMALL DISK [10: RC10)
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200 DC 6w DATA CONTROL
DTEO L 10/11 INTERFACE [10: DTE20)
204 DC2 b DATA CONTROL
DTEL L 10/11 INTERFACE (10: DTE20]
210,214 UTC,UTS 6m= DECTAPE [61 351]
210 DTE2 L 10/11 INTERFACE (103 DTE20]
214 DTE3 L 10/11 INTERFACE [10: DTE20)
220,224 MIC,MIC 6w= | MAGNETIC TAPE
0230 (MTM ) '
220 PDC “AIL PROGRAMMABLE DATA CHANNEL
224 PDC2  =AIL PROGRAMMABLE DATA CHANNEL
230 LPT3  =AIL LINE PRINTER
240 DLS  =AIL DATA LINE SCANNER (103 DC10]
244 DLS2  =AlL DATA LINE SCANNER [10: DC10]
250 DPC AL DISK PACK SYSTEM (103 RP10]
254  DPC2  =AIL DISK PACK SYSTEM (101 RP10)
260 DPC3  =AIL DISK PACK SYSTEM (10t RP10)
264 DPC4  =AIL DISK PACK SYSTEM [10: RP10]
270 DF Gow DISK FILE (61 270]
RMC Ale ROTATING MEMORY CONTROLLER (103
RH10)
274 RMC2  =AI= ROTATING MEMORY CONTROLLER (103
RH10)
300,304 DCSA,DCSB 6eme DATA COMMUNICATION (6% 630]
310 | UNUSED = RESERVED TQ DEC
314 UNUSED = RESERVED TO DEC
320,324 DTC,DTS ~AIL DECTAPE [10: TD10] |
330,334 DTC2,DTS2 =AIL DECTAPE [103 TD10)
340,344 TMC,TMS =AIL MAGNETIC TAPE [103 TM10]
350,354 TMC2,TMS2 =AIL MAGNETIC TAPE (103 TM10)
360 | | ' UNUSED = RESERVED TO DEC

364 UNUSED = RESERVED TO DEC
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370 UNUSED = RESERVED TO DEC
374 UNUSED = RESERVED TQ DEC
400 RESERVED FOR CUSTOMER SPECIAL
DEVICES | |
404 RESERVED FOR CUSTOMER SPECIAL
DEVICES o
410 RESERVED FOR CUSTOMER SPECIAL
DEVICES | |
414 RESERVED FOR CUSTOMER SPECIAL
| ‘ DEVICES |
420 | RESERVED FOR CUSTOMER SPECIAL
| DEVICES
424 | RESERVED FOR CUSTUMER SPECIAL
DEVICES : |
430 RESERVED FOR CUSTOMER SPECIAL
DEVICES
434 - RESERVED FOR CUSTOMER SPECIAL
| DEVICES
440 | UNUSED = RESERVED TO DEC
444 ' UNUSED = RESERVED TO DEC
450 UNUSED = RESERVED Tg DEC
454 | UNUSED = RESERVED TO DEC
460,464 DSS,DSI =AIL SINGLE SYNCHRONOUS LINE UNIT
[103 DS10]
470,474 DSS2,Ds12 =AlL SINGLE SYNCHRONOUS LINE UNIT
o (103 DS10)
500 RESERVED FOR CUSTOMER SPECTAL
| DEVICES
504 RESERVED FOR CUSTOMER SPECIAL
~ DEVICES
510 RESERVED FOR CUSTOMER SPECIAL
| DEVICES.

514 RESERVED FOR CUSTOMER SPECIAL
‘ - 'DEVlCES
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520

524

530

534

540
544
550
554
560
564
570
574
600

604
610
614
620
624

630

MBCO

MBC1
MBC2
MBC3
MBC4
MBCS

_MBCé

MBC7

LI L W

mom],

o],

wom]
mewl,

mwew],

o],

wowl,

RESERVED FOR CUSTOMER SPECIAL

DEVICES

RESERVED FOR CUSTOMER SPECIAL

DEVICES

RESERVED FOR CUSTOMER SPECIAL

DEVICES

RESERVED FOR CUSTOMER SPECIAL

DEVICES
MASSBUS
MASSBUS
MASSBUS
MASSBUS
MASSBUS
MASSBUS
MASSBUS
MASSBUS

CONTROLLER
CONTROLLER
CONTROLLER
CONTROLLER
CONTROLLER
CONTROLLER
CONTROLLER
CONTROLLER

(10% RH20]
[10: RH20]
[103 RH20]
[10% RH20]
(102 RH20)
[102 RH20)
(10: RH20)
(10 RH20]

RESERVED FOR CUSTOMER SPECIAL

DEVICES

RESERVED
DEVICES

RESERVED
DEVICES

RESERVED

- DEVICES

RESERVED
DEVICES

RESERVED
DEVICES

RESERVED
DEVICES

RESERVED
DEVICES

UNUSED =

FOR
FOR
FOR
FOR
FOR

FOR

FOR.

CUSTOMER

CUSTOMER
cusragen
CUSTOMER
CUSTOMER
CUSTOMER

CUSTOMER

RESERVED FOR

SPECIAL

SPECIAL

SPECIAL

SPECIAL
SPECIAL
SPECIAL
SPECIAL

DEC
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644 UNUSED = RESERVED FOR DEC

650 | UNUSED = RESERVED FOR DEC

654 UNUSED = RESERVED FOR DEC

660 UNUSED = RESERVED FOR DEC

664 UNUSED = RESERVED FOR DEC

670 UNUSED = RESERVED FOR DEC

674 UNUSED = RESERVED FOR DEC

700 RESERVED FOR CUSTOMER SPECIAL
DEVICES. |

704 ' RESERVED FOR CUSTOMER SPECIAL
DEVICES '

110 o | RESERVED FOR CUSTOMER SPECIAL
DEVICES |

714 | " RESERVED FOR CUSTOMER SPECIAL

~ DEVICES

720 RESERVED FOR CUSTOMER SPECIAL
DEVICES A

724 RESERVED FOR CUSTOMER SPECIAL

| DEVICES o |
730 ~ RESERVED FOR CUSTOMER SPECIAL
' DEVICES

134 RESERVED FOR CUSTOMER SPECIAL
DEVICES |

740 KI1/KL UNRESTRICTED® CODES

'RESERVED FOR CUSTOMERS

744 , KI/KL UNRESTRICTED CODES
' RESERVED FOR CUSTOMERS

150 KI/KL UNRESTRICTED CODES
RESERVED FOR CUSTOMERS

754 KI/KL UNRESTRICTED CODES
| RESERVED FOR CUSTOMERS

760 KI/KL UNRESTRICTED® CODE
RESERVED FOR DEC

764 KI/KL UNRESTRICTED* CODE
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RESERVED FOR DEC

770 KI/KL UNRESTRICTED* CUDE
| | RESERVED FOR DEC

174 | KI/KL UNRESTRICTED#* CODE
| RESERVED FOR DEC

*UNRESTRICTED MEANS I/0 INSTRUCTIONS CAN BE DONE IN USER MODE
(WITHOUT BEING IN USER 10T MODE)
5, EXTEND OPCODES

THE EXTEND INSTRUCTION DETERMINES A SECONDARY OPCODE FROM THE
C(E), THE FOLLOWING I8 THE LIST OF SECONDARY OPCODES:

000 ILLEGAL = ILLEGAL INSTRUCTION TRAP
001 CMPSL - COMPARE STRINGS, SKIP IF LESS
002 CMPSE  COMPARE STRINGS, SKIP IF EQUAL
003  CMPSLE COMPARE STRINGS, SKIP IF LESS OR EQUAL
005 CMPSGE COMPARE STRINGS, SKIP IF GREATER OR EQUAL
006 CMPSN  COMPARE STRINGS, SKIP IF NOT EQUAL
007 CMPSG  COMPARE STRINGS, SKIP IF GREATER
004 EDIT = PORCESS STRING ACCORDING TO  MINI=PROGRAM
' PATTERN . ’ '
010 CVTDBO CONVERT DECIMAL TO BINARY BY OFFSET
011 CVTDBT CONVERT DECIMAL TO BINARY BY TRANSLATION
012 CVTBDO CONVERT BINARY TO DECIMAL BY OFFSET
013 CVTBDT CONVERT BINARY TO DECIMAL BY TRANSLATION
014 MOVSO. MOVE STRING WITH BYTE OFFSET
015 MOVST  MQVE STRING WITH BYTE TRANSLATION
016 MOVSLJ MOVE STRING UNMODIFIED WITH LEFT JUSTIFICATION
017 MOVSRJ MOVE STRING UNMODIFIED WITH RIGHT JUSTIFICATION
20 EBLT  EXTEND=BLT
21=777 ILLEGAL = ILLEGAL INSTRUCTION TRAPS

[END OF CH2512,SPC]
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0, CONTENTS

1, INTRODUCTION

2, MEM/FUNCTIONS

3, DISP/FUNCTIONS

&, SPEC/FUNCTIONS

5, SKIP/FUNCTIONS

6, COND/FUNCTIONS

1, INTROUCTION

EACH MICRO=CODE WORD IS 75 BITS WIDE, CERTAIN FUNCTIONS DO NOT
OCCUR FREQUENTLY ENOQUGH TD JUSTIFY OCCUPYING DISTINCT BITS OR
FIELDS, CONSEQUENTLY THESE FUNCTIONS THEMSELVES  ARE
MICRO=CODED 1IN THREE SEPARATE FIELDS, CALLED SPECIAL FUNCTION
FIELDS, EVERY MICRO=CODE WORD CONTAINS THESE THREE FIELDS,
EACH MICRO=INSTRUCTION MAY SELECT ONE OF THE FUNCTIONS IN EACH
OF THE THREE FIELDS, THE 3 FIELDS ARE? :

1, MBOX (MEM) FUNCTIONS (4 BITS)

2, DI5PATC§ (DISP) AND MISCELLANEOUS (SPEC) (5 BITS)

3, SKIP (S8KIP) AND CﬂﬁﬂITIUKAL (COND) FUNCTIONS (6 BITS)
EECADSE OF THE MICRO=CODED NATURE OF THESE 3 FIELDS, THE SECOND
FIELD CAN CONTAIN EITHER A DISP OR A SPEC FUNCTION, BUT NOT

BOTH, SIMILARLY THE THIRD FIELD CAN CONTAIN EITHER A SKIP OR A
COND FUNCTION, BUT NOT BOTH, :
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2, MEM/FUNCTIONS

2,1 GENERAL

A NON«ZERU MEM FIELD IS REQUIRED IN° THE MICRO=CODE WHENEVER
EITHER AN EBOX REQ IS TD BE SENT TO THE MBOX, OR THE MICRU=CODE
1S REQUIRED TO WAIT FOR AN MBOX RESPONSE, BOTH OF THESE
REQUIREMENTS ARE DECODED FROM THE CRAM MEM BITS (SEE TABLE
BELQW).

242 MEM FUNCTIBN& DECODED

MEM/FUNCTION ~ WAIT  NOTE  NOTE  DESCRIPTION

00 = NOP

01 ARL IND * AR LEFT INDEPENDENT

02 MB WAIT X MB WAIT

03 SECTION ZERO X FORCE SECTION ZERD

04 AREAD CR A AREAD, LOAD AR

05 B WRITE CR B WRITE CONDITIONAL

06 FETCH X CR # FETCH, LOAD ARX

07 REG FUNC X URrR . # REGISTER FUNCTION

10 A e UR LOAD AR, LOAD ARX

11 B e UR . LOAD AR, LOAD ARX

12 LOAD AR X UR LOAD AR

13 LOAD ARX X UR LOAD ARX

14 AD FUNC : UR AD LOAD FUNC: FROM. AD

15 BREAD UR LOAD AR, LOAD ARX

16 WRITE X © UR STORE AR

17 RPW CYCLE X “UR READ=PAUSE=WRITE
(LOAD AR)

NOTES

WAIT GENERATES MBOX WAIT (IF MEM CYCLE ,AND, ~AC REF)

CR  CONDITIONAL REQUEST (SEE INDIVIDUAL DESCRIPTIONS)

UR © UNCONDITIONAL REQUEST

¥ CRAM % FIELD IS FURTHER QECGQED

AD AD (00+12) FIELD IS FURTHER DECODED

A DRAM A FIELD 18 FURTHER DECODED
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2.3 MEM FUNCTIONS (DETAILED)

00
01

02
03

04

NOTE

NOTE -

DEFAULT

MEM/ARL IND
DECODES THE CRAM # FIELD AS FOLLOWS (CTL2)

#00  SUBROUTINE CALL
$01 AR (00+08) LOAD
$02 MQ CLR

$#03 ARX CLR

04 ARL CLR

#05 ARR CLR

#06 ARL SEL 4

#07 ARL SEL 2

$08 ARL SEL 1

MEM/MB: WAIT
WAIT FOR MBOX RESP

MEM/SECTION ZERO
LOAD VMA (13=17) WITH 00000

MEM/AREAD

THIS FUNCTION IS CONTROLLED BY THE DRAM A FIELD, (THE
FUNCTION MEM/AREAD SHOULD BE GIVEN BY THE MICROCODE
SIMULTANEOUSLY WITH DISP/AREAD, TO DISPATCH ON THE ‘DRAM
A FIELD), THE FIELD IS DECOUDED AS FOLLOWS.

DRAM A

000

001 FETCH (SEE NOTE)

010 WRITE (UNUSED)

011 PAUSE, WRITE (TEST WRITABILITY)
100 LOAD AR, READ

101 LOAD AR, READ

110 LOAD AR, READ, WRITE

111 LOAD AR, READ, PAUSE, WRITE

THE CRAM. WORD Is SIMULTANEOUSLY GENERATING VMA/PC+l,
IF THE DRAM A FIELD IS NOT 001, MCL VMALAD 18 GENERATED
TO OVERRIDE THE MICROCODE AND LOAD VMA FROM  AD
(EFFECTIVE ADDRESS)

‘SEE- ALSO DISP/AREAD



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,15 PAGE 5
MICRU=CODE SPECIAL FUNCTIONS (PROTO & PRODUCTION) REV 1

05 MEM/B WRITE
CONDITIONALLY GENERATE AN MBOX CYC REQ IF DRAM B 01 IS
TRUE (MCLS5), IT IS INTENDED TO BE USED WITH DISP/DRAM
B,

06 MEM/FETCH
' CONDITIONALLY GENERATES AN MBOX CYC REQ, (MCLS5), THE
CONDITION BEING «PI CYCLE OR SKIP SATISFIED OR FETCH EN.
IN, THE CRAM % FIELD 18 DECODED AS SHOWN

#00 UNCONDITIONAL FETCH (NOT, GIVEN IN SKIP TESTS)
#01 SKIP TEST
#02 JUMP TEST
#06, 07, 08 SKIP & JUMP CONDITION (DECODE DRAM B
FIELD) |
00X UNUSED
01X 38 BIT AD COMPARE
10X 36 BIT COMPARE
11X 36 BIT BIT TEST
NOTES;
CONDITIONAL SKIP VMA/PC+1, MEM/FETCH, #/20X
CONDITIONAL JUMP VMA/PC+1, MEM/FETCH, #/50X
07  MEM/REG FUNC ‘
THE CRAM # FIELD 1S FURTHER DECODED AS. SHOWN
#00 MCL REG FUNC (MCL6)
01 APR EBOX LOAD REG (APR6)
$02 APR EBOX READ REG (APR6)
$06, 07, 08 (APR6)
1 APR EBOX CCA
2 APR EBOX UBR
3 APR EBOX EBR
4 APR EBOX ERA
5 APR EN REFILL RAM WR
6 (SPARE)
7 APR EBOX SBUS DIAG
10 MEM/A@
USED TO LOAD THE @ WORD OF AN EFFECTIVE ADDRESS CYCLE,
THE LOGIC ON 'MCL4 IS USED TO CALCULATE THE MEMORY
CONTEXT IN WHICH THE REFERENCE IS MADE,
11 MEM/B8@

USED TO LOAD THE © WORD OF A BYTE POINTER EFFECTIVE
ADDRESS CYCLE, THE LOGIC ON MCL4 IS USED TO CALCULATE
THE MEMORY CONTEXT IN WHICH THE REFERENCE IS MADE
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12 MEM/LOAD AR
" STANDARD READ REFERENCE

13 MEM/LOAD ARX.
. STANDARD READ REFERENCE

14 MEM/AD FUNC
' USED BY BOTH DIAGNOSTICS. AND BY THE MICROCODE PAGE
REFILL ALGORITHM, THE MBOX CYC: REQUIRED IS8 DETERMINED
BY AD BITS AS SHOWN IN THE TABLE BELOW, (THESE MAY
ALSO BE READ VIA COND/SEL VMA)

PC AND. VMA FLAGS
PC FLAG (SCD)  VMA FLAG (MCL3)

00 PC OVFL -

01 " CRYO LOAD AR

02 CRY1 LOAD ARX

03 FOV PAUSE

04 FPD WRITE

05  USER VMA USER

06 USER IOT VMA PUBLIC

07 PUBLIC VMA PREVIOUS

08 ADR BRK INH VMA EXTENDED

09 TRAP REQ 2 VMA FETCH

10~ TRAP REQ 1 EBOX. MAP.

11 FXU =EBOX CACHE

12 DIV CHK, ~EBOX PAGED
15 MEM/BREAD

USED TO READ THE BYTE DATA WORD AFTER THE BYTE PDINTER
EFFECTIVE ADDRESS CALCULATION I8 COMPLETE, THE LOGIC:
ON MCL4 IS USED TO CALCULATE THE MEMORY CONTEXT 1IN
WHICH THE REFERENCE I§ MADE “ '

16  MEM/WRITE
| STANDARD WRITE REFERENCE

17 MEM/RPW CYCLE
USED BY THE MICROCODE TO LOAD AR AND DO A WRITE=TEST
PRIOR TO THE STANDARD WRITE REFERENCE, INITIATES A
READ-PAUSE=WRITE CYCLE IF THE ACCESS IS NONw=CACHED,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,15 PAGE 7
MICRO=CODE SPECIAL FUNCTIONS (PROTO & PRODUCTION) REV 1

3, DISP/FUNCTIONS
341 GENERAL

‘THIS FIVE~BIT FIELD IS LOCATED ON THE CRA BOARD FOR. HARDWARE
TIMING REASONS ASSOCIATED WITH THE DISP FUNCTIONS, OF THE 32
POSSIBLE CODES, 16 ARE DISP (DISPATCH) FUNCTIONS AND 16 ARE
SPEC. (SPECIAL) FUNCTIONS, FUNCTION 00 IS THE DISP/DIAG ADR TO
PERMIT EASILY STARTING OF THE MICRO=CODE AT AN ADDRESS ASSIGNED
BY THE CONSOLE, THE NOP (DEFAULT) FUNCTION 1S FUNCTION 10
(SPEC/NOP), ‘

3,2 DISP/FUNCTION DECODED

THE DISPATCH FUNCTIONS MODIFY THE CRA ADDRESS AS: PRQDUC%D BY
THE CRA BOARD, THE CURRENT CRAM J FIELD IS "OR®ED INTO THE
QUTPUT OF THE DISPATCH LOGIC ON CRAL1 AND CRA2, A SKIP FUNCTION
MAY BE USED TO FURTHER MODIFY THE LEAST SIGNIFICANT ADDRESS
BIT, .

00 DIAGNOSTIC
01 DRAM J

02 AREAD

03 RETURN

04 PAGE FAIL
05 STATE REG
06 NICOND

07 SHIFT (00=03)
30 MULTIPLY
31 DIVIDE

32 SIGNS

33 DRAM B

34 BYTE

s NORM

36 EA MOD

37 EA TYPE
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3,3 DISP FUNCTIONS (DETAILED)

00 DISP/DIAG (CRA3)
11 BIT DISPATCH ON THE CONTENTS OF THE DIAGNOSTIC
ADDRES REGISTER, THIS IS THE DEFAULT DISPATCH (00)
AFTER RESET, TO PERMIT STARTING OF THE MICROCUDE AT AN
ADDRESS LOADED BY THE CONSOLE,

01 DISP/DRAM J (IR1)
| DISPATCH ON THE DRAM J FIELD, NOTE THAT THE DRAM J
FIELD DOES NOT HAVE BITS IN POSITION 00, 05, 06, AND
THAT AN EVEN«ODD PAIR MAY DIFFER ONLY IN PQSITION 08,
09, 10 (I,E,, THE LAST OCTAL DIGIT),

I,E,» DRAM J & 0C CCC 00C XXX
WHERE C IS COMMON ADDRESS BIT
X IS UNIQUE ADDRESS BIT,

02 DISP/AREAD (CRA3) '
DISPATCH CONTROLLED BY THE DRAM A FIELD, 1IF A IS 00 OR
01, THEN THE DISPATCH IS ON THE DRAM J FIELD (IDENTICAL
TO DISP/DRAM J), FOR VALUES OF A FROM 02 TO 07, THE
DISPATCH IS TO LOCATION 42 TO 47, RESPECTIVELY, THIS
FUNCTION 1S INTENDED TO BE USED SIMULTANEOQUSLY WITH
MEM/AREAD, REFER TO MEM/AREAD FOR FURTHER INFORMATION,

03 DISP/RETURN (CRA4)
SUBROUTINE RETURN DISPATCH, THE RETURN ADDRESS MAY OF
COURSE BE MODIFIED BY THE J FIELD, THIS FUNCTION POPS
THE RETURN ADDRESS OFF THE STACK, NOTE THAT SUBROUTINE
CALL I8 NOT A DISP FUNCTION, BUT IS DUNE VIA SPECY/CALL,
OR VIA ARL IND (MEM,. SPEC, OR COND FUNCTION),

04 DISP/PAGE FAIL (CLK4)
DISPATCH ON PAGE FAIL CAUSE,

05 DISP/STATE REG (CON3) :
| 16=WAY DISPATCH ON STATE REGISTER, THE STATE REGISTER
1S LOADED VIA COND/SR<=# | )
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06

DISP/NICOND (CON2)

16=WAY DISPATCH EVOKED AT THE END OF EVERY MACRO
INSTRUCTION T0 DETERMINE  THE = NEXT INSTRUCTION
CONDITION, THE NEXT INSTRUCTION MUST PREVIOUSLY HAVE

'BEEN REQUESTED, AND THE REQUEST MUST HAVE BEEN FOLLOWED

BY AT LEAST ONE MICROCODE INSTRUCTION BEFORE THE
DISP/NICOND, THIS FUNCTION IS5 INTENDED TO BE USED WITH

‘A MEM/MB WALT FUNCTION,

NICOND DISPATCHES AS FOLLOWS (00 IS HIGHEST PRIORITY)

30

31
32

33

34

00 PI CYCLE IN PROGRESS

02 STOP (RUN FLAG 18 OFF)

04 MTR INTERRUPT REQUEST, (HIGHER PRIORITY THAN
NORMAL INTERRUPTS)

06 STANDARD INTERRUPT REQUESTS

12 NORMAL (INSTRUCTION IS IN ARX)

13 TRAP REQUEST

16 AC REF (INSTRUCTION IS IN FAST MEMORY)

17 TRAP REQUEST (AND AC REF)

DISP/MULTIPLY (CRA2)

DURING THE MULTIPLY ROUTINE, THE LOOP COUNTER 1S
COUNTED DOWN IN THE FE REGISTER, DISP/MULTIPLY
DISPATCHES AS FOLLOWS o

00 = 03 FE POSITIVE, DISPATCH ON MQ34, MQ35

07 FE NEGATIVE

DISP/DIVIDE (CRA2)
DISPATCH 8»WAYS ON FE 00, BR 00, AD CRY 00

DISP/SIGNS (CRA2)
DISPATCH 8~WAYS ON AR 00, BR 00, AD 00

DISP/DRAM B (CRAZ)
DISPATCH 8=WAYS ON DRAM B FIELD, OFTEN USBED N

CONJUNCTION WITH MEM/BWRITE

DISP/BYTE (CRAZ2)
DISPATCH 8 WAYS ON FIRST PART DONE, BR lZp SCAD 00
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35 DISP/NORM (IR3)
DISPATCH EVOKED DURING NORMALIZE ROUTINES TO DISPATCH
ONE OF 8=WAYS ON THE MOST SIGNIFICANT ONE BIT IN AD

0 ZEROD
1 NEGATIVE
2 AD (01=06)
3 AD 07 -
4 AD 08
5 AD 09
6 AD 10
7 AD (11-385)
3¢  DISP/EA MOD (CRA2, SH1)
| USED DURING EFFECTIVE ADDRESS CALCULATION, @¥2 +
(XR)#1
37 DISP/EA TYPE (MCL4)
USED  DURING PXCT AND SXCT EFFECTIVE = ADDRESS
CALCULATIONS ) |
00 NORMAL
01 (PXCT 4 AT AREAD, PXCT 1 AT BREAD) ,AND, CWSX
10 SXCT 0 | |

11 SXCT B
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4, SPEC/FUNCTIONS
4,1 GENERAL

THIS FIVE BIT FIELD IS LOCATED ON THE CRA BOARD, WHERE IT IS
LOCATED FOR HARDWARE TIMING REASONS ASSOCIATED WITH THE DISP
FUNCTION, WITH WHICH THE FIELD IS SHARED, THUS A DISP FUNCTION
AND A SPEC FUNCTION CANNOT BE GIVEN IN THE SAME MICRO=CODE
WORD, ‘

4,2 SPEC FUNCTION (CTL1)

10 - 20 SECTION HOLD
11 INH CRY 18 21 SBR CALL

12 MQ SHIFT 22 ARL IND

13 SCM ALT 23 MTR CTL

14 CLR FPD 24 FLAG CTL

15 LOAD PC 25 SAVE FLAGS
16 XCRY ARO 26 SP MEM CYCLE
17 GEN CRY 18 27 AD LONG

4,3 SPEC FUNCTIONS (DETAILED)
10 - : v

, DEFAULT NQP, NOTE THAT FUNCTION 00 IS THE DISP/DIAG
FUNCTION, USED FOR STARTING THE MICROCODE

11 SPEC/INH CRY 18 (CTL1)
INHIBITS CARRY INTO THE AD LEFT

12 SPEC/MQ SHIFT (CTL2)
USED WITH THE CRAM MQ SEL 1 BIT TO SELECT EITHER OF THE
~SHIFT INPUTS TO THE MQ REGISTER, THE VARIOUS INPUTS TO
THE MQ REGISTER ARE ALSO UNDER CONROL OF DISP/MUL,
DISP/DIV, COND/REG CONTROL, AND RESET

13 SPKC/SCM ALT (SCD2)
USED WITH CRAM SCM SEL 2 TO SELECT ONE OF THE FOUR
INPUTS TO THE SC REGISTER

14 SPEC/CLR FPD (SCD4)
| USED TO CLEAR SCD FPD FLAG

15 SPEC/LOAD PC (CTL1, VMA3)
USED TO LOAD THE PC FROM THE VMA REGISTER

16 SPEC/XCRY ARO (CTL1) ‘
- COMPLEMENTS. THE CARRX IN TO THE AD IF THE AR IS8
NEGATIVE 1
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17

20

21

22

23
»

SPEC/GEN CRY 18 (CTL1, IR4)
GENERATES CARRY IN TO THE LEFT HALF OF AD

SPEC/SECTION HOLD (MCL4) _
FORCES RECIRCULATION OF THE CURRENT VMA SECTION (VMA
13=17)

SPEC/SBR CALL (CTL2, CRA4) ;

PUSHES THE CURRENT MICRUCODE ADDRESS ONTO THE
SUBROUTINE STACK, NOTE THAT THIS MERELY DEFINES THE
RETURN AREA OF THE SUBROUTINE, THE SUBROUTINE NEED NOT
BE ENTERED YET, OR EVEN AT ALL, THE CRAM J FIELD IS
USED TO MODIFY THIS AQDRE&S WHEN RETURNING FROM THE
SUBROUTINE,

SPEC/ARL IND (CTL2)
DECODES THE CRAM # FIELD AS FOLLOWS

¥00 SUBROUTINE CALL
#01 AR(00~08) LOAD:
$02 M@ CLR

$#03 ARX CLR

$#04 ARL CLR

#05 ARR CLR

#06 ARL SEL 4

$07 ARL SEL 2

#08 ARL BEL 1

-

SPEC/FLAG CTL
DECODES THE CRAM # FIELD AS FOLLOWS

#00 LEAVE USER CLEARS USER, USER I0T, PUBLIC
(8CDS)
#01 SPEC JFCL OVERRIDES EXEC MOUDE TO SELECT

S8CD OV INSTEAD OF SCD PCP
(SCD4, SCD5)

#02 PI DISMISS "DISMISS PI CHANNEL (CON5)
#03 HALT CLEARS RUN FLAG (CON2) IF 10
‘ \ LEGAL
¥04 LOAD FLAGS LOAD PC FLAGS FROM AR (SCD4)
#08 PORTAL . CLR PUBLIC (SCDﬁ) IF PRIVATE
PAGE

07 LOAD FLAGS LEAVE USER MODE (SCD5)
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25  SPEC/SAVE FLAGS (CTL1,
HAS THE FOLLOWING EFFECTS
INHIBITS ADX CRY 36 IF PC+1 INH IS TRUE (CTL1)
SETS PI HOLD AND CLEARS Pl CYCLE IF PI CYCLE IS TRUE
(CONS) | | . |
GENERATES SCD LEAVE USER IF IN PI CYCLE (SCDS)

26 SPEC/SP MEM CYCLE :
USED FOR EXTRA CONTROL OF THE MEMORY FUNCTION REQUESTED
SIMULTANEOUSLY VIA A MEM/FUNC CODE, DECODES THE CRAM #
FIELD AS FOLLOWS

$00 UNCONDITIONAL FETCH (MCLS)

#01 USER MODE (MCL2)
#02 EXEC MODE (MCL3)
#03 FORCE SECTION ZERO (MCL4)
#04 UPT REFERENCE IF USER (MCL3)
#05 EPT REFERENCE IF EXEC (MCL3)
k06 -

#07 INHIBIT EBOX CACHE (MCL®)
408 INHIBIT EBOX MAY BE PAGED (MCL6)

27 SPEC/AD LONG (CTL1, IR4)

ENABLES CARRIES FROM ADX TO AD, SO DO THE FUNCTIONS
D1SP/MUL, DISP/DIV, DISP/NORM, AND SPEC/MQ SHIFT,
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5, SKIP/FUNCTIONS

$.1 GENERAL

THE SKIP AND COND FUNCTIONS SHARE THE SAME = SIX=BIT SPECIAL
FIELD, OF THE 64 POSSIBLE FUNCTIONS, 32 ARE CONDITIONAL SKIP
FUNCTIONS, CONTROLLING CR ADR 10 (THE LEAST SIGNIFICANT OF THE
CRAM ADDRESS LINES,

5,2 SKIP FUNCTION

40 - CRA2

41 «ODD PARITY CRA2

42 BR 00 CRA2, EDP4
43 ARX 00 CRA2, EDP2
44 BR 18 | CRAZ, EDP1
45 AR 00 CRA2, EDP1
46 AC = 0 * CRA2, IR}
47 SC 00 CRAZ,
50 SC LT, 36 CRAZ,

51 8CAD 00 CRAZ,

52 =5CADS0 CRA2,

53 ADX 00 CRA2, EDP3
54 AD CRY 00 CRA2, IR4
55 AD 00 CRA2, IR3
56 «AD%0 CRA2, IR3
57 |

60 FETCH CON2, CRA2
61 KERNEL MODE CON2, CRA2
62 USER CON2, CRA2
63 PUBLIC CONZ, CRA2
64 RD=PSE=WR CON2, CRA2
65 PI CYCLE CON2, CRA2
66 EBUS GRANT CON2, CRA2
67 PI TRANSFER CONZ2, CRA2
70 INT REQ CONZ, CRA2
71 «START CON2, CRA2
72 RUN CON2, CRA2
73 I/0 LEGAL CONZ, CRA2
74 PXCT OR SXCT  CON2, CRA2
75 EBOX PF HANDLE CON2, CRA2
76 VMA AC: REF CON2, CRA2

77 MTR INT REQ CON2, CRA2
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6, COND/FUNCTIONS
6,1 GENERAL

THE SKIP AND COND FUNCTIONS SHARE THE SAME SIX=BIT SPECIAL
FIELD, OF THE 64 POSSIBLE FUNCTIONS, 32 ARE SPECIAL COND
FUNCTIONS, THESE DO THE SAME TYPES OF THINGS AS THE SPEC
FUNCTIONS, AND ARE ONLY DISTINGUISHED BY CGMI&G FROM A SEPARATE
MICRO=CODE FIELD,

6,2 COND FUNCTIONS (CONi, CTL2, SCD3)

00 - 20 DIAG FUNC
01 AR (00=08) LOAD 21 EBOX STATE

02 AR (09=17) LODAD 22 EBUS CTL

03 AR (18+35) LOAD 23 MBOX CTL

04 AR CLR : 24 -

05 ARX CLR 25 -

06 ARL IND 26 -

07 REG CTL 27 -

10 FM WRITE 30 VMA #

1 PCF <= 31 VMA <= #+TRAP

12 FE SHRT 32 VMA €= §+MODE

13 AD FLAGS 33 VMAE <= #4AR(32+35)
14 LOAD IR 34 VMA <= 42N

15 SPEC INSTR 35 VMA DEC

16 SR <w # 36 VMA INC

17 SEL VMA 37 LOAD VMA HELD

6,3 COND FUNCTIONS (DETAILED)
00 DEFAULT

01 COND/ARLL LOAD (CTL2)

FORCES LOADING OF BITS 0008 OF THE AR REGISTER
02 COND/ARLR LOAD (CTL2) '

FORCES LOADING OF BITS 0917 OF THE AR REGISTER

03 COND/ARR LOAD (CTL2)
FORCES LOADING OF BITS 1835 OF THE AR REGISTER

04 COND/AR CLR (CTL2)
FORCES CLEARING OF THE AR REGISTER

05  COND/ARX CLR (CTL2)
FORCES CLEARING OF THE ARX REGISTER
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06

07

10

¥

12

13

' COND/ARL IND (CTL2)

DECODES THE CRAM # FIELD AS FOLLOWS

#00

#01
#02
#03
404
405
#06
$07

#08:

SUBROUTINE CALL
AR(Q0-08) LOAD

- M@ CLR
. ARX CLR

ARL CLR
ARR: CLR
ARL SEL 4
ARL SEL 2
ARL SEL 1

COND/REG CTL (CTLZ, CTL1)
DECODES THE CRAM # FIELD AS FOLLOWS

#00
#01
#02
#03
%04
#05
#06
07
#08

AR (00=08) LOAD
AR (09=17) LOAD
AR (18+35) LOAD

COND/AR <= EXP TEST

-~
MQ SEL #2
MQ SEL #1

COND/FM WRITE (CON1, APR5, EDP4)
GENERATES APR FM WRITE TO WRITE AR INTO FAST MEMORY

COND/PCF <= § (CON1, SCD5, &Cp4)
SETS THE PC FLAGS FRQ& THE CHAM # FIELD

#00
#01
02
#03
$#04
#05

#06

$07
$08

ARITHMETIC OVERFLOW ov
FLOATING OVERFLOW FOV

FIRST PART DONE FPD

TRAP 2 | TRAP REQ 2
TRAP 1 TRAP REQ 1
FLOATING UNDERFLOW FXU
DIVIDE CHECK DIV CHK

”»

L

COND/FE SHRT (CONl, SCD2) ,
CAUSES AN ARITHMETIC SHIFT OF FE RIGHT ONE PLACE

COND/AD FLAGS (CON1, SCD5, SCD4)

- CONTROLS OVERFLOW AND CARRY FLAGS FROM ADDER QUTPUT
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14

15

16

17

COND/LOAD IR (CON1, CONZ, IR1)
LOADS THE IR REGISTER, THEN STROBES THE DRAM ON THE
NEXT EBOX CYCLE

COND/SPEC INSTR (CON1, CON2, CON4, CONS, MCL4)

DECODES

$00
$01
$02
$#03

404

#05
$06
$07
%08

COND/SR
DECODES

#00
01
$02
#03,04
#05,06
#07,08

THE CRAM % FIELD AS FOLLOWS

P1 CYCLE
KERNEL CYCLE
PC+1 INHIBIT
SXCT

PXCT

INTERRUPT DISABLE |
ABORT INSTRUCTION (INTERRUPTED)
EBOX HALTED (SIGNAL TO CONSOLE)

<« # (CONi, CON2, CON3, MCL4)
CRAM # FIELD AS FOLLOWS

SWITCH FROM PXCT 10,4 TO PXCT 2,1
SET SRC CONDITION ‘

SET DST CONDITION

HOLD STATUS REGISTER BITS 02, 03
CONTROL STATUS REGISTER BITS 00, 01

‘8ET STATUS REGISTER BITS 02, 03

COND/SEL VMA (CON1, MCL3, VMA4)
SELECTS VMA HELD INSTEAD OF PC' AS INPUT TO ADA MIXER ON
DATA PATH |

PAGE 17
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20

COND/DIAG FUNC (CONi, CON3, CTL3)
SIMULATES INPUT AND OUTPUT INSTRUCTION TO THE INTERNAL

-DEVICES, THE INPUT INSTRUCTIONS ARE DONE By GENERATING

THE EQUIVALENT DIAGNOSTIC READ FUNCTION ON CTL3; THE
OUTPUT FUNCTION BY GENERATING VARIOUS CONO AND DATAD
SIGNALS ON CON3, THE CRAM & FIELD I8 DECUDED AS
FOLLOWS

$00 DELAY THE EBOX CLK

$01 ‘ ~

402 0s0UTPUT, 1=INPUT (IF 0, ENABLE AD ONTO EBUS)
#(02%08) QUTPUT FUNCTIONS

#004 WRPAE (LH) « LOAD LH PERF ANAL ENABLES
#4005 WRPAE (RH)

#006 CONO MTR

#007 COND TIM

#014 CONO APR
#015 COND PI

#0116 CONO PAG
#017 DATAQ APR

#020-023 DATAQ PAG
(AC BLOCKS, PREV CQKTEXT CONTROLLED BY EBUS.
00,01)

#024=027 ' DATAO PAG

(AC BLOCKS, PREV CONTEXT CONTROLLED BY #07,08)
$03X . : ; Teve
#04X
05X
#06X
#07X

1t 49

#(02=08) INPUT FUNCTIONS
THESE FUNCTIONS SIMULATE THE DIAGNOSTIC FUNCTIQHS.
HER& 18 LISTED MERELY THE LOADS WHICH ARE READ.,

10X - PI(00=17), MCL(18=23), CTL(24+29),
CLK(30=35)

11x - APR(01, 06%17), MTR(18=35)

12X - EDP (00+35)

13X - SCD(02+11), IR(12=17), CON(18=24)

14X - CRA(00=05), CRM(08=11, 14=17, 20=23,
26=29, 32#35) | -

18X - VMA(13%35)

16X - MBZ(00=08, 1426, 34=35), MBC(27=33)

17X - CRC(00=04), CCW(05+10), CH(1i~14),
, CCL(16, 18~19), CHX(20=21), CSH(22=29),
MBX(30~35)
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21

22

23

24
25
26
27

COND/EBOX STATE (CON1, CON4)

DECODE THE CRAM # FIELD

#01,02 SET, HOLD UCODE
#03,04 SET, HOLD UCODE
#05,06 SET, HOLD UCODE
#07,08 SET, HOLD UCODE

AS FOLLOWS

STATE 01
STATE 03
STATE 0S
STATE 07

COND/EBUS CTL (CON1, CON3, APR3)
CONTROLS THE PI BOARD AND EXTERNAL I/0 TRANSFERS VIA
DECODING OF THE CRAM # ?IﬁLE

#00 RET FORCE ECL EBUS RETURN

#01 REQ REQUEST

#02 REL RELEASE
$#03 ‘DEMAND: ASSERTS
#04 1/0 ASSERTS
#05 AC: FUNC SELECTS

06 DEV 0 SELECTS
#07,08 # FUNC. SELECTS

EBUS CONTROL

EBUS AND ALL CONTROLS

EBUS DEMAND

THE 1/0 FUNCTION

EBUS FUNCTION FROM AC10,11, i?
DEVICE 000

EBUS FUNCTION IF #05 = 0

COND/MBOX CTL (CON1, APRS5)
DECODES THE CRAM # FIELD AS FULLOWS

00 -
#01 PAGE FAIL
#02 I/0 PF ER
#03

#04 PT DIR WR
#05 PR WR

106

$07,08 FUNC
SPARE

SPARE

SPARE

SPARE

SIMULATES PAGE FAIL
(DIAGNOSTICS)
SETS 1/0 PF ERR (DIAGNOSTICS)

WRITE PAGE TABLE DIRECTORY
WRITE PAGE TABLE ENTRY

SELECT PAGE TABLE FUNCTION
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ALL OF THE FUNCTION 30+34 LOAD THE VMA FROM THE CRAM # FIELD,
DECODED ON (CONi, SCD3, VMA1)

30 COND/VMA=§

31 COND/VMA=¢ + TRAP CYCLE

32 COND/VMA..# + USER#4 + PUBLIC#2 + TRAP#l
33 COND/VMAL# + AR (32+35)

34 COND/VMA,. 4 +2N

35 COND/VMA DEC: (CON1)

36 COND/VMA INC (CON1)

PECREMENT OR INCREMENT THE VMA

37 - COND/LDAD VMA HELD (CON1, MCL1, MCL3, VMA4)
LOADS VMA HELD FROM VMA REGISTER

[END OF CH2515,SPC)
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ISP DESCRIPTION OF PDPe6, KA, KI, KL PROCESSORS

PDP;O 1=

 (DECLARE

! GENERAL COMMENTS

i
!

!
{
!
:
!
|

DEFINITIONS APPLY TO USER MODE (NO USER 1/0)
FUNCTIONS NOT DEFINED = SET.FLAGS, LONG

1TEMS TO ADD TO PDP10 INSTRUCTION SIMULATOR (SIM10)
INSTRUCTIONS = ADJSP, EXTENDED INSTRUCTION SET
USE OF LEFT HALF OF INDEX WORDS
USE NON=ZERQ AC FIELD IN IBP
USE AC FIELD OF JSR
USE BITS 0=12 OF INDIRECT ADDRESS

PAGE 2



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,17 PAGE 3
ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

! PROCESSOR TYPE

! oemevosnsrmeen

MACRO PDP6 3= (PROCESSOR EQL 1964)$
MACRO KA10 $= (PROCESSOR EQL 1967)8
MACRO KI10 3= (PROCESSOR EQL 1972)$
MACRO KL10 t® (PROCESSOR EQL 197%5)$
MACRO UNICDRN 3% (PROCESSOR EQL 1976)$

| PC STATE

] wenewene

PC,WORDKO0:35>;
OVERFLOW\INTEGER,OVERFLOW<> 3= PC,WORD<O>;
CRY,O\CARRY,0UT,OF 4BIT,0<> 3= PC,WORDK{>;
CRY,1\CARRY,OUT,OF 4BIT,1<> &= PC,WORDK2>;

FLT, QVQRFLQN\FLDATING OVERFLOWS> 3= PC, WORD<3>}

FPD\FIRST PART,DONE<> 1= PC,WORD<4>;

GSER\USER MOD&(} 1% PC, HDRD<§>;

USER,10\USER, I0,MODE€> 3= PC,WORD<6>)

PUBLIC\PUBLIC,MODE<> = PC,WORD<T>;

AFI\ADDRESS, FAI&URE IﬁHIBIT<> $= PCyWORD<E>;

TRAP, 2\STACK, QVERFLQW<> 13 PC,WORD<9>;

TRAP,1\ARITHMETIC,OVERFLOWK> 3= PC,WORD<K10>;

FLT,Uﬁnﬁﬂ?bﬂﬁ\FLQATING,UN&ERFLQW() t7 PC.WORDS11>;

NOL,DIVIDENDIVIDE,CHECKS> ;= PC,WORDC12>;

PC\FHUGRAM COUNTER<18:35> 1= PC,WORDL18:35>;
MAP,WORD<18:35>;

PAGE,FAILURE<S> = MAP,WORD<18>;

PE> ztvﬂA?,WGRD<19>I

W<> 3= MAP,WORD<20>;

5<>» 3= MAP,WORD<21>;

NO,MATCH<> 1% MAP,WORD<22>;

PHYSICAL,PAGE,ADDRESS<23335> 3= MAP,WORD<23;35>;

| MP STATE = PRIMARY VIRTUAL MEMORY BF 2%%18 WORQ&

l ﬂﬁﬂ’ﬂﬂ'ﬂ

M\MEMORY [05$777777)<0335>;
AC\ACCUMULATORS([0:#171<0335> 15 M{03#17]<0235>;

{ BASIC INSTRUCTION FORMAT

z L L P X X 2 LR RO Y Y

IR\INSTRUCTION,REGISTER<0335>;
OPCODE<038> & IR<O18>}
A\AC,FIELD<9:12> $3 IR<9:12>;
FAFUNCTION<9312> 15 IR<9312>;
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! TEMPORARY DEFINITIONS

| ewrenomesmenersennene

MACRO MIN,2,T0,70 $= #6000000000000000000000008
»24%70

! TEMPORARY REGISTERS

[ Y 2T T T Y T YEPRpNEAY npepapp—

S\SOURCE,QOPERAND<0$35>;
D\DESTINATION,OPERAND<O335>;
SA\SOURCE ,ADDRESS<18335>;
DA\DESTINATION,ADDRESS<18335>;
TEMP\TEMPORARY ,REGISTER<0$ 355
TEMP1\TEMPORARY , REGISTER<0235>;
TEMPF\TEMPORARY ,FLAG,REGISTER<93 12>}
MASK\MASK,WORD<0235>;
SP\STACK , POINTER<0¢ 35>
BYTE,PTR\BYTE ,POINTERS0335>;
POS\POSITION<0I5> 35 BYTE.PTR<035>}
SIZE<6311> 3= BYTE,PTRS6:11>;
VMA\VIRTUAL,MEMORY ,ADDRESS<13335>;
ININDIRECT<13> t= VMA<13>;
X\INDEX<€14317> 5 VMA<14317>;
Y\OFFSET<{8335> 1= VMA<{8:35>;
E\EFFECTIVE,ADDRESS<18:35>;
EQ\EXTEND, INSTRUCTION,EFFECTIVE,ADDRESS€183:35>;
E1\EXTENDED, INSTRUCTION,EFFECTIVE,ADDRESS<181835>;
LAST\LAST,ADDRESS, IN ,EA<18135>;
SC\PDSITIONS,TO,SHIFT<0:8>
LINK\SHIFT,OUT,BIT<>}
NULL\SHIFT,IN,BIT<>;
NO\RELATIVE,BYTE, IN,WORD<035>
N{\BYTES,PER, WORD<0:5>}
Q\WORDS,T0,CROSS<18335>;
R\BYTES, IN,FINAL, WORD<015>}
. EXPI\FLOATING,POINT ,EXPONENT<Q88>;
EXP2\FLOATING,POINT,EXPONENT<018>;

PAGE 4

MACRO F62 3= 358§ ! 62 THESE DEFINITIONS ARE

USED

MACRD F63 3= 358

MACRO F97 35 35%
- MACRO F71 = 358

BITS ' '

B W

MACRO F36 3#» 358 { 36 IN A REGISTER
MACRD F72 s% 35§ ! 72

MACRO F107 3= 35% 1107

MACRO F108 3= 35s% 1 108

MACRO F143 3= .35% I 143 -

MACRO F70 3= 358 170
HANI\FLUATING PQINT.MANTI$§A<OSF97’}

63 TO BYPASS A PROBLEM
97 IN THE ISP COMPILER WHICH
74 PROHIBITS MORE THAN 36
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS '

MAN2\FLOATING,POINT,MANTISSA<Q3F97>

ERALCED | END OF REGISTER DECLARATIUNS
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

! BASIC FUNCTIONS

] moecormuvomnmonne

EA 1% ( ! EFFECTIVE ADDRESS CALCULATION
(IF X NEQ 0 5> Y,AC[X)+Y; LAST.X) NEXT
(DECODE I =>
VMA€13317>,01
(VMA..M[Y]<13:35> NEXT LAST.VMA NEXT EA))):

MUUO 33 (FPD.Oj3 AF1.0; TRAP,1.0; TRAP,2,0);

NOP t= TEMP.TEMPj

SHIFT,COUNT 13 SC.E<18>@E<28335>)
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ISP DESCRIPTION OF PDP~6, KA, KI, KL PR&CESSURS

{ BYTE MANIPULATION FUNCTIONS

L g g

VALIDATE,BYTE,POINTER s (

(1F
(1F
(IF
(IF
36)

);

(SIZE GTR POS) AND (SIZE GTR 36) => POS.100~»SIZE);
SIZE GTR 36 => SIZE.363 POS.0) NEXT

POS GEQ 36 3> SIZE.0); .

(POS LSS 36) AND (SIZE LSS 36) AND (POS+SIZE GTR
>

S1ZE.36=P0S)

ADJUST,BYTE,POINTER 2% (

(IF

)3

SIZE NEQ 0 5>

NO TEM91+((36*PGSJ/$IZE)3 ! BYTE IN WORD

N1,.36/8SIZE NEXT ! BYTES/WORD

(IF Ni EQL 0 => GVEKFhahﬁlﬁ TRAP,1a1; NO, DIVIDE.1)

(IF N1 NEQ 0 =>
Q.NO/N1; ! WORDS TO CROSS
R.NO=(NO/N1)#NO NEXT ! BYTES REMAINING
POS.36=(R*SJZE)}; :
(IF PDP6 OR KA10 => BYTE,PTR BYTE PTR+Q); | NOT
IF INTERRUPTED.
(IF KI10 OR KL10 OR UNICORN =>
BYTE,PTR<18335> . TEMP<18135>4Q)))

LOAD,BYTE & (
VALIDATE ,BYTE,PTR NEXT

VMA,
EA}
(IF

)3

DEPOSIT

~BYTE ,PTR<13:35> NEXT

5.0 NEXT

S1ZE NEG 0 =>
S.M{VMA<18335>] "SRO PDS NEXT
5.8 "SLO (36=~SIZE) NEXT

5.8 "SRO (36=SIZE))

«BYTE = (

VALIDATE ,BYTE,PTR NEXT
VMABYTE, PTR€13:35> NEXT
EA NEXT

(1F

SIZE NEQ 0 2>
MASK,0 NEXT

MASK.MASK ®SL1 (36~SIZE) NEXT
MASK.MASK *SR1 (36*POS=SIZE) NEXT
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ISP DESCRIPTION OF PDPe6, KA, KI, KL PROCESSORS

DuD "SLO (36=SIZE) NEXT

DD *SRQ (36=POS=SIZE) NEXT
MIVMA<18235>).(MI[VMA<18835>) AND MASK) OR D)
)3 -

INCREMENT,BYTE,PTR 15 (
VALIDATE ,BYTE,POINTER};
TEMP1.1 NEXT
ADJUST ,BYTE,POINTER);
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‘159 DESCRIPTIQON OF PDP=6, KA, Kl, KL PROCESSORS

{| FLOATING POINT FUNCTIONS

| ewmersmonsrrnameversenew

PACK 3= (
EXPONENT,CHECK NEXT
TEMP<O>. MAN1<02>;
(IF MANI<O> EQL 0 => TEMPL1:18> EXP1»128);
(1IF MAN1<O0>» EQL 1 =>. TE&P<1=8>m127’&XP1’!
TEMP<9:35>, MAN1<1} 27>:
TEMP1<0>,.0}
TEMP1<1335>, MAN1<ZB F62>):

UNPACK 3= (
(IF TEMP<0> EQL 0 => EXP1_TEMP<1:8>+128);
(IF TEMP<0> NEQ 0 #> EXP1.127«=TEMP<1:18>);
MAN1<Q>. TEMP<0>;}
MAN1<1:27> TEMP<9135>;
MAN1<283F62>,TEMP1<1135>;
MAN1CF631F97>.0)

SWAP 1= (
EXP1.EXP2; EXP?mEXPit
MAN1_.MAN2; MAN2,MAN1);

NORMALIZE 15 ( ' ,
(IF PDP6 => (IF MAN1<03127> EQL 0 %> EXP1.0)):
(IF KA10 OR KI10 OR KL10 OR UNICORN =>
(IF MAN1 EQL 0 3> EXP1.0);
(IF MAN1 NEQ 0 =>

NORMLOOP 3= (IF MAN1<O> EQL MAN1<1> =>
FLT,LEFT,SHIFT;
EXPl.EXP1l=»1 NEXT
NORMLOOP)))
bR
ALIGN 33 (

(1IF EXP1 GTR EXP2 => SWAP) NEXT
(1F (EXP2«EXP1) GTR 64 5> EXP1.07 MAN1,.0);
(IF (EXP2#EXP1) LEQ 64 ®>
ALOOP 1= (IF EXP1 NEQ EXPZ2 =»>
- FLT.RIGHT,SHIFT;
EXP1lL.EXP1+1 NEXT

PAGE 9
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1SP DESCRIPTION OF PDPe6, KA, KI, KL PROCESSORS

ALOOP))
)3

ROUND 1=
(IF MAN1<O> EQL 0 => MAN1<0:F63>,MAN1<OiF63>+1);
(1F MAN1<0> EQL 1 =>
(IF PDP& => MAEl(QZF"GQ).,MA&}.(O:F&3>+1)3
(IF KA10 OR KI10 OR KL10 OR UNICORN 3>
. MAN1<03F63> MANI<COF63>+1))
)3

EXPONENT,CHECK 3= (

(IF EXP1 GTR 127 =>
EXP1.EXP1+256;
OVERFLOW,,1}
FLT,OVERFLOW..1)
TRAP,1.1);

(IF EXP1 LSS =128 =>
EXPl.EXP1+2563
OVERFLONW,. 13
FLT,OVERFLOW,1}
FLT.UNDERFLOW.L1;
TRAP,1.1)

); '

FLT RIGHT,SHIFT = (MAN1.MAN1 "SR MAN1<02>))

FLT,LEFT,SHIFT 3= (MAN1<13F97>_MANLC13F97> SL0 1))

PAGE

10
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18P DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

! EXTENDED FUNCTIONS

| wommssmmsemmenmnenn

TRANSLATE 3% (
VMA_E1+8€0334> NEXT
(DECODE S<35> =>
TEMP<0: 17> M[VMA}<0$172; TEMP<0317>,M[VMA}<18335>)
NEXT
(IF TEMP<0> EQL 1 => AC[A}€031>.'11); ! SIGNIFICANCE
(DECODE TEMP<132> > | |
NOP; ! NOP
RUN?J ! ABORT
AC[A)€2>.0; | CLEAR M
ACLA}<2>.1)} ! SET M
$<0$20>,07 $<213135>_ TEMP<3117>);

UPDATE,PATTERN ADDRESS 13 «
AC[A}GQSS)”AC[A]<4:5>+1;
(IF AC[A]<4:5> EQL 3 => ACIA]<18=35>-AC[AJ<18:35>*1)).

GET,PATTERN BYTE 1% (
PUS,(3»AC[A])<435>)%9;
 S1ZE.93
BYTE,.PTR<12:17>..0;
BYTE,PTR<18335>,AC[A)<18335> NEXT
LOAD,BYTE NEXT
PATTERN.S<28:35>);

SKIP,PATTERN i3 (
UPDATE,PATTERN ADDRESS}
PATTERNK338>, PATTERNS318>=1 NEXT
(IF PATTERN<338> NEQ #77 => SKIP,PATTERN));

GET,SRC,BYTE 1= (
BYTE.PTRLACLA+1] NEXT
INCREMENT ,BYTE,PTR NEXT
AC[{A+1)..BYTE,PTR NEXT
LOAD BYTE NEXT
AC[AI<9335>,AC{A]<9:35>m1);
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

STORE,DST,BYTE 3% (
BYTE,PTRLAC(A+4] NEXT
INCREMENT ,BYTE,PTR NEXT
AC[A+4]BYTE,PTR NEXT
DEPOSIT.BYTE NEXT
AC[A+31<9335>, ACTA+3]1<9335>=1)}

LOAD,MESSAGE ,CHARACTER 33 (
VMALE1+PATTERN<3:8>+1 NEXT
S.M[IVMA] NEXT
(IF 8 NEQ 0 =>

DwSj

BYTE,PTR,AC[A+4] NEXT
INCREMENT ,BYTE,PTR NEXT
AC[A+4).BYTE,PTR NEXT
DEPOSIT,BYTE));

SRCSETUP 1= (
BYTE,PTRLAC[A+1];
(IF BYTE,PTR<12> EQL 1 %> MUUO);
TEMP1.1 NEXT |
ADJUST,BYTE,POINTER NEXT
VALIDATE ,BYTE,POINTER NEXT

DST,SETUP 1% (
BYTE,PTR.AC [A+4] NEXT
(IF BYTE,PTRC12> EQL 1 &> MUUO):
TEMP1.1 NEXT
ADJUST ,BYTE ,POINTER NEXT
VALIDATE,BYTE,POINTER NEXT
AC(A+4]) BYTE,PTR)}
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

| INSTRUCTION INTERPRETATION

| enssrmosnnrrenernssrssanne.

RUN = (.
IR MIPC]
PCoPC+1 NEXT
I.EXECUTION NEXT
RUN)3

! INSTRUCTION SET AND INSTRUCTION EXECUTION PROCESS

‘ "..ﬂ'ﬂ”Q’ﬂ%'ﬂ#ﬂ”-ﬂﬂﬂﬂﬂ-ﬂﬂﬂ,’—ﬂ#!”ﬂ’ﬂ'ﬂvﬂﬂﬂﬂﬂﬂlﬂﬂﬂhﬂﬂﬂ

I1,EXECUTION 1% (
. VMA_JR<133135>; LAST.PC NEXT
EA NEXT
EL.VMA<18135> NEXT
I1,8ET);

PAGE.

13
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isp D&SCRIPTIUN OF PDP=6, KA, KI, KL PROCESSORS

i INST&UCTI&N‘SET

] mevenerenervnne

I,8ET 3= (
(IF OPCODE EQL #000 => MUUO); ! MUUO
(IF (OPCODE GEQ #001) AND (OPCODE LﬂQ #037) => ! LUUO

(IF PDP6& => MUUQ);
(IF KA$10 QR KI10 OR KL10 OR UNICORN =>
M{40]1<03:8>_ 0OPCODE;
M(401<9:17>.0;
M{40]1<18235> K3
IR.M[41] NEXT
1.,EXECUTION));

(IF (OPCODE GEQ #040) AND (HPCSDE LEQ #077) => MUUD); |

MuuQ
(IF OPCODE EQL #100 => MUUO); | UJEN
(1F OPCODE EQL #101 => MUUD); { MUUO

(IF OPCODE EQL #102 => MUUO); ! MUUO

-

(IF OPCODE EQL #103 s> MUUO); MUUO

(IF OPCODE EQL #104 2> MUUQ); | JSYS
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PAGE 15
1SP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSO0RS

(IF OPCODE EQL #105 => | ADJSP
(IF PDP6 QR KA10 OR KI10 => MUUQ);
(IF KL10 OR UNICORN 3>
TEMP<0217>.AC{A}<0317>+E}
TEMP<18335>_ ACIAI<18335>+E NEXT
(IF AC{A)}<0> EQL TEMP<O> => AC[A]}.TEMP);
(IF AC[A)<0> NEQ TEMP<0> => TRAP,2.1)));

(IF OPCODE EQL #106 => MUUO); ! MUuo

(IF OPCODE EQL #107 => MUUO); ! Muuo
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1sp DESCRIPTIUN OF PDP=6, KA, KI, KL PROCESSORS

! DOUBLE PRECISION FLOATING POINT

:'ann-Qw.mnnmgmnmmnpnsmnﬂunﬂmqpn

(IF OPCODE EQL #110 => ! DFAD
(IF PDP6 OR KA10 => MUUDQ);
(IF K110 OR KL10 OR UNICORN =>

' TEMP.MIE] ;
TEMP1.M[E+1] NEXT
UNPACK HNEXT
EXPl.EXP1+1;
FLT4RIGHT ,SHIFT NEXT
SWAPR;

TEMPLAC[A];
TEMP1,ACTA+1) NEXT
UNPACK NEXT
EXP1.EXP1+1;
FLTJRIGHT ,S8HIFT NEXT
ALIGN NEXT
MAN1.MAN14MANZ NEXT
NORMALIZE NEXT
ROUND NEXT

PACK NEXT

AC[A], TEMPS
AC[A+1).TEMP1));

(IF OPCODE EQL #111 => | DFSB
(IF PDP® OR KA1Q s> MUu0);
(IF K110 OR KL10 OR HNICGRN =>.

TEMP.MIE] ;

TEMP1 M{E+1] NEXT
UNPACK NEXT
EXPl.EXP1+1};
FLT,RIGHT ,SHIFT NEXT
SWAP;

TEMP.L.AC(A]}
TEMP1,.ACIA+1] NEXT
UNPACK NEXT

EXPl EXP1+1;
FLT,RIGHT,SHIFT NEXT
ALIGN NEXT
MAN1.MAN1*MAN2 NEXT
NORMALIZE NEXT

ROUND NEXT

PACK NEXT
AC[A].TEMP}
ACTA+1).TEMP1));

(IF OPCODE EQL #112 => ! DFMP

PAGE 16
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ISP DESCRIPTION OF PDP*&, KA, KI, KL PROCESSORS

(IF PDP6 OR KA10 => MUUOD);
(IF K110 OR KL10 OR UNICORN =>
TEMP.M(E];
TEMP1 M[E+1] NEXT
UNPACK NEXT
SWAP?
TEMP.AC[A];
TEMP1_ AC[A+1) NEXT
UNPACK NEXT
EXP1 . EXP1+EXP2}
MAN1 MAN1I*MANZ NEXT
ROUND NEXT
(IF KL10 OR UNICORN => NORMALIZE) NEXT
PACK NEXT
AC[A)..TEMP;
AC[A+1])..TEMPL));

(IF OPCODE EQL #113 =>» ! DFpV
(IF PDP6 OR KA10 => MUuo);
(IF KI10 OR KL10 OR UNICORN =>

TEMPLM(E]}}
TEMP1_MIE+1] NEXT
UNPACK NEXT

SWAP}

TEMP.LACIA]}

TEMP1 ACLA+1]) NEXT
UNPACK NEXT
EXP1LEXP1I=EXP2;:
MAN1,.MAN1/MANZ2 NEXT
(IF KL10 OR UNICORN => ROUND NEXT NORMALIZE) NEXT
PACK NEXT
AC[A).TEMP;
AC[A+1].TEMP1));
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ISP DESCRIPTION OF PDP»&, KAy KI, KL PROCESSORS

| DOUBLE PRECISION INTEGER

] mononrmernevsenesrnesmens

(IF OPCODE EQL #114 => ! DADD

(IF PDP6 OR KA10 OR K110 => MUUO);

(IF KL10 OR UNICORN =>
MAN1AC(A]RAC(A+1]<133524MIE]@HIES1]<1135> NEXT
AC[A) MAN1<O0335>;
ACTA+1)<0> MAN1<0>}
ACTA+1]<1235> MANI<F363FT1>;
SET,FLAGS)); ! OVERFLOW,CRY,0,CRY,1,TRAP,1

(IF OPCODE EQL #115 => 1 DSUB

(1F PDP6 OR KA10 OR KI10 => MUUQ):

(IF KL10 OR UNICORN => _
MAN1.AC[AJBAC[A+1]}<1:35>=MIEI@M[E+1]<1135> NEXT
AC[A]MAN1<Q235>;

AC£A+1]<OkmMAﬂ1<Q>3
ACLA+11<1535>, HAH1<F30=F71>3
SET,FLAGS)); f { UVERFLGw,CRY.O;CRY,;.TRAP.I

(1F OPCODE EQL #116 => ! DMUL

(IF PDPH OR KAL10 OR K110 => MUUQ);

(IF KL10 OR UNICORN 3>
MAN1,ACEAJ@RAC[A+1)<1335>#M[E]EM[E+1])<1:35> NEXT
ACIA)MAN1<€0135>;

AC[A+1]) MANICF363FT1>;

ACLA+2]1 MANI<F72iF107>;

ACIA+3) MANI<F108:1F143>;

AC[A+1]}<0>_ MAN1<O>;

ACLA+2)<0> MANI€O>;

AC[A+3]<0> MANLIKO>; ;
SETFLAGS) ) { OVERFLOW,CRY.0,CRY,.1,TRAP,1

(IF OPCODE EQL #117 => { DDIV

(IF PDP6 OR KA10 OR KI10 => MUUQ);

(IF KL10 OR UNICORN >
MANl,AC(AJ@AC[A+1l‘l835>/M£&16M£E+13<1:35> NEXT
AC[A]..MAN1<O335>;

AC{A+1)<1 35> MANI<F363F71>;
AC[A+1]<0> MAN1€O>;

SET,FLAGS)); !
NO,DIVIDE,OVERFLOW,CRY,0,CRY,1,TRAP,1
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ISP DESCRIPTION OF PDPw6, KA, KI, KL PROCESBORS

(IF OPCODE EQL #120 => | DMOVE

(IF
(IF
(IF

PDP6 OR KA10 > MUUD);
KI10 2> ACIA).M[E] NEXT AC[A+1] M[E+1]);
KL10 OR UNICORN => AC[AJLMIE); ACLA+1]1.MIE+1]));

(1IF OPCODE EQL #121 => ! DMOVN

(IF

CIF:

(1F

PDOPH OR KA10 => MUUD);

K110 =>

AC{A)NOT M[E);

AC[A+1)"MIE+1] NEXT

ACIA+1]1<0>,.0 NEXT

(IF AC{A+1] EQL 0 => AC[A).ACIA)+1);
SET,FLAGS); ! OVERFLOW,CRY,0,CRY,1,TRAP,1
KLIQ ‘OR UNICORN =>

TEMPLMIE] ;

TEMP1, M(E+1] NEXT

TEMP1<0>,.0 NEXT

(IF TEMP1 EQL 0 3> TEMP.TEMP+1) NEXT

MIA)lLTEMP;

M{A+1) _TEMP1}

SET,FLAGS)); ! OVERFLOW,CRY,0,CRY,1,TRAP,1
(IF OPCODE EQL #122 => ! FIX

(IF
(1F

PDP6 OR KAL1Q => MUUQ); :
KI10 OR KL10 OR UNICORN =>.
TEMPLMIE] NEXT
UNPACK NEXT
(IF EXP1 GTR 35 s> OVERFLOW.1; TRAP,1.1):
(IF EXP1 LEQ 35 =>
TEMP<0> MAN1<COD>;
TEMP<1> MAN1<(>;
TEMP<2> MAN1<O>;
TEMP<32 MANL<O>}
TEMP<4> MAN1<(Q>;
TEMP<5> MAN1<(>;
TEMP<6> MAN1<OD>;
TEMP<T> MAN1<O>;
TEMP<8> _MAN1<0>;
TEMP<92:35> MAN1<1327>;
SCLEXP1=27;
(IF SC GTR 0 => TEMP.TEMP ‘$L0 5C);
(IF SC LSS 0 =>
(DECODE TEMP<(O> =>

TEMPTEMP ™8RO 8C3 TEEP«T&MP *"SR1 8C)):
AC[ALLTEMP)))

PAGE 19
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1SP DESCRIPTION OF PDP~6, KA, KIl, KL PROCESSORS

(IF OPCODE EQL #123 => ! EXTEND
(IF PDP6 OR KA10 OR KI10 => MUUO);
(IF KL10O OR UNICORN -®>

TEMPF_A}

EQ0.E NEXT

IR MIEOQ];

VMA.,IR<13335> NEXT

EA NEXT

E1 ., VMA<IB§35>;

(IF A EQL 0 => A,.TEMPF NEXT EXT,INSTRUCTIUN, SET).
(IF A NEQ 0 => MUUO))):

(1F OPCODE EQL #124 3> ! DMQVEM
(IF PDP6 OR KA10 => MUUD);
(IF KI10 => M(E],AC[A] NEXT MIE*ilmACCA#llﬁ FPD.0)3
(IF KL10 OR UNICORN => MIE].AC[AY; MIE+1]LACIA+11));

(I1F OPCODE EQL 5125“§> ! DMOVNM
(IF PDP6 QR KAL1Q => MUUO);
(iF K110 2>

MIE],AC[A] NEXT
M{E+1)..»AC{A+1] NEXT
M{E+1)<0>.0 NEXT
(IF M{E+1] EQL 0 %> M[E]M[El+1);
SET.FLAGS; ! OVERFLOW,CRY,0,CRY, 1,TRAP 1
FPDm0)
(IF KL10 OR UNICORN =>
TEMPLAC[A];
TEMP1,AC(A+1) NEXT
TEMP1<0>,0 NEXT
(IF TEMP1 EQL 0 => TEMP,TEMP+1) NEXT
MIE).TEMP; "
M{E+1).TEMP1} |
SET,FLAGS))} '} OVERFLOW,CRY,0,CRY,1,TRAP,1
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15P DESCRIPTION OF PDP»6, KA, KI, KL PROCESSORS

(IF OPCODE EQL #126 => ! FIXR
- C(IF PDP6& OR KA10Q => MUUO);
(IF K110 QR KL10 OR UNICORN s)
TEMP..MIE] ;
TEMP1,.,0 NEXT
UNPACK NEXT
(IF EXP1 GTR 35 #> OVERFLOW.1; TRAP, le1)s
(IF EXP1 LEQ 35 =>
TEMP<0> . MAN1<0>;
TEMP<1> MAN1<O>}
TEMP<2> MAN1<0>;
TEMP<3> MAN1<0O>;
TEMP<4> MAN1<0>;
TEMP<S> _MAN1<0>;
TEMPLE> MAN1<O>;
TEMPL7> MAN1<O>}
TEMP<B> MAN1<O>;
TEMP<9135> MAN1<1327>)
TEMP1,,0;
SCLEXP1=27;
(1F SC GTR 0 => TEMP.TEMP *"SL0O 8C);
(IF 8C LSS 0 =>»
FIXR 3= (IF SC NEQ 0 =>
(IF TEMP<O> NEQ TEMP<35> ‘®=> TEMPI, 1)3
TEMPLTEMP "SR TEMP<0>;
SC.5C+1 NEXT
FIXR)}):
ACIA)..TEMP+TEMPL1)));

(IF OPCODE: EQL #127 '=> { FLTR

(IF PDP6 OR KA10 => MUUD);

(IF KI10 OR KL10 OR UNICORN =>
MAN1<0335>,M(E];
MAN1<F363F97>.0;
EXP1,27 NEXT
NORMALIZE;
(IF MAN1<O> EQL 0 => MAN1<032B> MAN1<0328>41)} 3
ROUND
(IF MAN1<0> EQL 1 => MAN1<0328>,MAN1<0228>=1) NEXT
PACK NEXT
ACTA).TEMP));

(IF OPCODE EQL #130 => { UFa
(1F PDP6 OR UNICORN ®> MUUO):
(IF KA10 OR KI10 OR KLiO =>»
TEMP.M[E];
TEMP1,0 NEXT
UNPACK NEXT



1080,2040,2060 ENGINEERING FUNCTIONAL'SPECf”CHAP‘Z,I? PAGE 22
18P DESCRIPTIUN OF PDPe6, KA, K1, KL PROCESSORS

EXPl.EXP1+1)
FLT,RIGHT,SHIFT NEXT
SWAP;

TEMP..AC(A];

TEMP1,.0 NEXT

UNPACK NEXT
EXPIEXP1+1)
FLT,RIGHT,SHIFT NEXT
ALIGN NEXT
MAN1.,MAN1+MAN2 NEXT
(IF MAN1<0> EQL MAN1<i> =>

EXP1lo.EXPi=1}
FLT,LEFT,SHIFT) NEXT
PACK NEXT
AC[A+1]).TEMP));
(IF OPCODE EQL #131 => ! DFN

(IF PDP6 OR UNICORN => MUUO);
(IF KA10 OR KI10 OR KLI1D =>
TEMP.LAC[A];
TEMP1<1327> MLE]<9:35>;
TEMP1<281335>,0 NEXT
UNPACK NEXT
MAN1,*MAN] NEXT
PACK NEXT
AC[A]..TEMP;
MIEI<9235>, TEMP1<1327>));

(1F OPCODE EQL #132 => ! FSC
(IF PDP6 => MUUQ);
(IF KA10 OR KI10 OR KL10 OR UNICORN m>»
(IF AC[A]<9:35> EQL 0 => AC[A).0);
(IF AC[A)<9:35> NEQ 0 => '
TEMP,.AC[A]);
TEMP1,.0 NEXT
UNPACK NEXT
EXP1.EXP1+FE NEXT
(IF KA1G OR KI10 OR KL10 OR UNICORN %>
NORMALIZE) NEXT ' ' :
PACK NEXT
AC[A].LTEMP)))}
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PRDCESSBRS

| BYTE INSTRUCTIONS

] wonsmrosowmnenwarwen

(IF OPCOEElEQL $133 => ! IBP
(1F PDP6 => MUUQ):
(IF KA10 OR KI10 OR ((KL10 OR UNICORN) AND (A EQL 0))
2>
BYTE,PTR.MI[E] NEXT
INCREMENT,BYTE ,POINTER NEXT
 M{E]LBYTE,PTR):
(IF (KL10 OR UNICORN) AND (A NEQ 0) =>
BYTE,PTRM(E]}
TEMPY ACLA} NEXT
ADJUST,.BYTE ,POINTER NEXT
AC[A] BYTE,.PTR));
(IF OPCODE EQL #134 => ! ILDB
(IF PDP6 => MUUO);
(IF KA$10 OR KI10 OR KL10O OR UNICORN =z>
BYTE.PTRWMIE] NEXT
INCREMENT ,BYTE ,POINTER MEXT
M{E]..BYTE,PTR NEXT
LOAD ,BYTE NEXT
AC[A],ﬁ?
FPDm0));
(IF OPCUDE EQL #135 => -} LDR
(IF PDP6 => MUUQ);
(IF KA10 OR KI10 OR KL10O OR HKICBRN B>
BYTE PTRLMIE] NEXT
LOAD,BYTE NEXT
AC{A]mﬁ;
FPQMO));
(IF OPCODE EQL #136 => { IDPRB
(1IF PDP6 => MUUD);
(IF KA1Q OR KI10 OR KL10 OR HNICGRN =>

BYTE .PTR.M[E] NEXT
INCREMENT ,BYTE,POINTER NEXT
MIE).BYTE,PTR NEXT

DLACIA] NEXT

DEPOSIT,BYTE)
FPD=0))}
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

(1F OPCODE EQL #137 s> ! DPB
(IF PDP®& => MUUD);
(IF KA10 OR KI10 OR KL10 OR UNICORN =>
BYTE.PTR.M[E] NEXT
DL.AC[A] NEXT
DEPOSIT,BYTE};
FPD.0)):
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1SP DESCRIPTION OF PDP«6, KA, KI, KL PROCESSORS

! SINGLE PRECISION FLOATING POINT

(IF (OPCODE GEQ #140) AND (OPCODE LEQ #177) =>
(DECODE UPCODE<6=8> Ry
TEMPLMIE];
((IF PDP6 OR KA1O OR KI10 OR KL10 => TEM?nﬁﬁﬁl),
(IF UNICORN => MUU0));
TEMP,M[E];
TEMPL.MIE];
TEMP.MLE]}
((IF PDP6 => TEMPM[E]);
(IF KA1O OR KI10 OR KL10 OR UNICORN 3>
TEMP<O 1> ET TEMP<183 35> 0)):
ThMPmM[E]x
- TEMP,.MIE])}
TEMP1,.0 NEXT
UNPACK NEXT
SWAP NEXT
TEMPLACIA];
TEMPL1,.0 NEXT
UNPACK NEXT
(DECODE OPCUDE<415> =>
(ALIGN NEXT | FAD=
MAN{,.MAN1+MANZ NEXT
(IF MAN1<0> NEQ M&N1<8> => FLT RIGHT .SHIFT)
NEXT
, - 'PACK);
(ALIGN NEXT | FSBe»
 MAN1..MANI»MANZ2 NEXT
(IF MAN1<O> NEQ MAN1<BE> => FLT,RIGHT ,SHIFT)

NEXT
- PACK);

(MAN1 . MANT#MANZ; ! FHp»
EXPl.EXPL1+EXP2 NEXT
PACK); ,

(MAN1,MAN1/MAN2; i FDVe

EXP1,EXP1®EXP2 NEXT
PACK)) NEXT
(DECODE OPCODE<618> &>
(NORMALIZE NEXT
'PACK NEXT
AC[A].TEMP);
LONG} ! -L
(NORMALIZE NEXT I -M
PACK3 :
M{E]..TEMP) 3
(NORMALIZE NEXT 1 =B
PACK NEXT
AC([A)TEMP;
M{E]TEMP) 3
(NORMALIZE NEXT ! =R
ROUND NEXT
PACK NEXT

P,
k]
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ACIAI.TEMP);
(NORMALIZE NEXT ! =RI
ROUND NEXT
(IF PDP6 => LONG);
(IF KA10 OR KI10 DR KL10 => PACK NEXT
AC[A].TEMP));
(NORMALIZE NEXT | =RM
ROUND NEXT
PACK NEXT
MIE).TEMP);
(NORMALIZE; | =RB
ROUND NEXT
 PACK NEXT
AC[A1.TEMP}
M{E].TEMP)));
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15P DESCRIPTION OF PDP=6, KA, KI, KL PRUCESSORS

| MOVE GROUP

| womameanmen.

(IF (OPCODE GEQ #200) AND (UPCODE LEQ #217) %>

(DECODE OPCODE<7:8> 3>
S-MIE]; 1 -
S.E} 1=
S.MLE]}) NEXT } =8

(DECODE OPCODE<536> =>

D} ‘! MOVE=
(D<0317>,.5<18335>) D<18335>.,8<0317>); | MOVSw
(D=8 NEXT | MQVN=
SET,FLAGS); ! OVERFLOW,CRY,.0,CRY,1,TRAP,1

(DECODE S<0> 2> D87 D.*S) NEXT I MOVMe
SET,FLAGS)$ ! OVERFLOW,CRY,1,TRAP,1

(DECODE OPCODE7:8> =>

"AC[Al,.D; ! -
ACtAlD; 1 =1
MIE]l.D} [ =M

(MIE]J.D; (IF A NEQ 0 => ACI[A}.S)))); ! =5
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

{ MULTIPLY AND DIVIDE

! mownwenssewenmnsnees

(IF (BPCQDE GEQ #220) AND (DPCD&E LEQ 3223) >
MAN1<0217>,.03
MAN1<183135>_,AC{A]) NEXT
(IF KA10 => (1F AC[A] EQL #400&00006000 B>
MAN1<1B335>, 477777171777171));
MAN2<O3 17> MIE];
MAN2<18:35>,.0 NEXT
(IF (MAN1<18:35> EQL #400000000000)
'AND (MAN2<03117> EQL #400000000000) =>
DewMING2,T04703
OVERFLOW,.11
TRAP,1.1)}
(IF (MAN1<18335> NEQ #400000000000) OR
(MAN2<0317> NEQ #400000000000) =>
MAN1,.MAN1%#MANZ2 NEXT
TEMP<0>» MAN1€O>;
TEMPL1 335> MANIKF36:F71>;
(DECODE (QPCODE<7:3:8> =>»

AC[A].TEMP; | -
ACI[A].TEMP; P -1

(ACIA]LTEMP; MIE)..TEMP))) )} i =B

(IF (OPCODE GEQ #224) AND (OPCOPE LEQ #227) m)
. MAN{<0117>.0:
MAN1<18:35>«ACIAJ NEXT '
(IF KA10 =» (IF AClA) EQL t&GQGOOGQGOQQ Ry
MAN1<13335>,37?777?77777}).
MAN2<Q3 17> MI[E);
MAN2<18:35>.0 NEXT
(IF (MAN1<18335> EQL #400000000000)
AND (MAN2<0:17> EQL #400000000000) w>
bL.MIN,2,TG,703
OVERFLOW.1}
TRAP,1,.1);
(IF (MAN1<18:35> NEQ #400000000000) OR
(MAN2<0317> NEQ #400000000000) >
MAN1 MAN1#MAN2 NEXT
TEMP<0>, MAN1<0>;
TEMP<1335> _MAN1<1:35>;
(DECODE OPCODE<7:8> =>

AC[AlLTEMP} = | =
ACIA).TEMP} I =]
MIE].TEMP} 1 =M

(AC{A].TEMP; MIE].TEMP)))); ! =B

PAGE 28

I IMUL

) MulL
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ISP DLSCRIPTIQN OF PDPe=6, KA, KI, KL PROCESSORS

(1F (OPCODE GEQ #230) AND (OPCODE: LEQ #233) =>
MAN1<0317>,0:
MAN1<18:35>»_ ACI[A}] NEXT
(IF KA10 ®> (IF AC[A] EQL #400000000000 =>
MAN1<1Bi35>47777177717777))3
MAN2<0$17>,MLE]
MAN2<18:35>,0 NEXT
(IF (MANi<1B335> EQL #400000000000)
AND (MAN2<0:17> EQL 3400990000000) >
DLMIN,2,TD,70;
UVERFLOW 13
TRAP,1.1)}

PAGE 29

! IDIV

(1IF (MAM1<18335> NEQ #400000000000) OR (MAN2<0317> NEQ

#400000000000) =>
MAN1.MAN1/MAN2 NEXT
TEMP<0> . MAN1<0>;
TEMP<1:35> . MAN1<F363F71>;
(DECODE OPCODE<7:8> =>

AC[A]TEMP; P ow
AC[A]..TEMP3 1 =1

M[E].TEMP; 1 wM

(AC[A)LTEMP; MIE).TEMP)))); ! =B

(1F (OPCODE GEQ #234) AND (OPCODE LEQ #237) >
MAN1<0:17>..03
MAN1<18335>,AC[A] NEXT
(IF KAL10 => (IF AC[A] EQL #400000000000 =>
MAN1<1B335> #77777777117));
MAN2<O3 17> MLE]}
MAN2<18335>.0 NEXT
(IF (MANI<18B3:35> EQL #400000000000)
AND (MAN2<O0:17> EQL #400000000000) =>
D.MIN,2,T0,703
DVERFwamlz
TRAP 1al);

! DIV

(IF (MAHl(iB#BS) NEG #490000000000) OR (MAN2<0:17> NEQ

£400000000000) =>
MAN1..MAN1/MAN2 NEXT
TEMP<0> . MAN1<0>;
TEMP<1135> MAN1<F363F71>;
(DECODE OPCODE<718> =>

AC[A]..TEMP} 1 =1
MIE].TEMP; ! =M

(ACIA).TEMP; MIE],.TEMP)))); ! =B
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1SP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

} SHIFTS, ROTATES AND COUNTS

] wwmenemrrprnrerrancennrasen

(1F OPCODE EQL #240 => ! ASH
SHIFT,COUNT NEXT :
(IF 8C GTR 0 =>
ASHL = (IF SC NEQ 0 3>
(IF AC[A)<0> NEQ AC(A}%<1> => OVERFLOW.1}
TRAP,1.1);
AC[AI<13:35>_AC[A]<1:35> "SLO 13
SC.SC=1 NEXT

ASHL)));
(IF SC LSS 0 =>
ASHR 3= ¢(IF 8C NEQ 0 =>

ACIAl.AC[A] "SR AC[A}<0>;
SC.S5C+1 NEXT
ASHR))):

(IF OPCODE EQL #241 => ! ROT
SHIFT,COUNT NEXT
(IF SQ GTR 0 => ACIAJLAC[A] *"RL 8C);
(IF SC LSS 0 => ACIA)LACLA] *RR 5C));

(1IF OpCODE EQL #242 => i LSH
SHIFT,COUNT NEXT
- (IF 8C: GTR 0 => ACIA].AC[A) *SLO SC]B
(IF SC LSS 0 => ACLAJ-ACIA} "SRO 5C));

(IF OPCODE EQL #243 => { JFFO
(IF PDP6 => MUUO);
(IF KA10 OR KI10 OR KL10 OR UNICORN =>
TEMP..AC([A]}
AC[A+1].0 NEXT
JFFULOOP i= (IF TEMP<O0> EQL 0 =>
' ACIA+1).AC[A+1]+1;
TEMP,.TEMP *SL 0 NEXT
. JFFOLOOP)
(IF AC[A]l NEQ 0 => PC_E)))s

(IF DPCODE EQL #244 => 1 ASHC
SHIFT,COUNT NEXT
(IF SC-GTR O =>
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ISP DE$CR1PTION QF PDP*&, KA, KI, KL PROCESSORS

ASHCL := (IF 8C NEQ 0 =>
(1IF TEMP<0> NEQ TEMP<1> => OVERFLOW.1;
TRAP,1.1);
ACC$J<1:35> ~AC[A]}<1335> "SL ACL[A+1]1<1>;
AC[A+11<0>,.AC[A]<0>} -
ACIA+1)<1t35>, AC[A+1)<1335> *SL 0;
5C.SC*1 NEXT
ASHCL));

(IF SC LSS 0 .=>

ASHCR ®» (IF 8C NEQ 0 =>» ‘
AC[A)<1335>_ACLA}<1335> "SR AC[Al<0>;
AC[A+11<0> AC[A]<0>;
AC(A*1]¢1835>,$C[A+1J<1:35> "SR ACIAI<35>;
SC.LS8C+1 NEXT ”
ASHCR)));

(IF OPCODE EQL #245 => ! ROTC
 SHIFT,COUNT;
TEMP.AC(A]} TEMP1.AC[A+1] NEXT
(IF SC GTR 0 =>
AC[A).((TEMP@TEMP1) "Rl SC)<71136>;
AC[A+1).((TEMPRTEMP1) "RL SC)<3510>);
(IF SC LSS 0 =>
AC[A]..((TEMP@TEMP1) "RR SC)<71136>}
AC[A+1].((TEMPRTEMP1) *RR $C)<35:10>));

(IF OPCOUDE EQL #246 s3> ! LSHC

SHIFT,COUNT;

'TEMF,ACLAJ: TEMP1,ACIA+1] NEXT

(IF SC GTR 0 =>
AC[A)L((TEMPRTEMP1) "SLO SC)<71336>;

' AC{A+1)..((TEMPRTEMP1) *SLO 5C)<35:02);

(IF 8C LSS 0 &>
ACIA). ((TEMPRTEMP1) "SRO 8CI<T1336>;
ACLA+1)..((TEMPRTEMP!) ”SRO'5C)<35§Q>))3

(IF OPCODE EQL #247 => NOP); ! UNASSIGNED
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

| MISC

] omeom

(1F OPCODE EQL #250 s> AC[AJLMIE]; MIE]1.ACLA));

(IF OPCODE EQL #251 => ! BLT
| SA.AC[A}<0317>; DALACIAI<18:35> NEXT
BLOOP:= (MIDA]_.MISA);
i SA.SA+1j DA.DA+1 NEXT
(IF DA LSS (E+1) => BLTLOOP)) NEXT
FPD.0)3s ! AC[A] UNCHANGED IF NO INTERRUPTS

(1F OPCODE EQL #252 => ! AOBJP
(1IF PDP6& OR KA10 s> ACIA)LAC[A]+#1000001);
(1F K110 OR KLi0 OR UNICORN =>
ACTAI<0317> ACLA}I<O:1T>+1;
AC[A)<18:35> AC[A}<18:35>+1) NEXT
(IF ACIA)<O0> EQL 0 => Pcmﬁ))g

(IF OPCODE EQL #253 s> 1 AOBJN
(IF PDP6 OR KA10 => AC[A]AC[A)+#1000001);
(IF KI10 OR KL10 QR UNICORN =>
AC[A]<0317>, ACIAI<0517>4+1;
ACTA)<18:35> AC[A}<18:35>+1) NEXT
(IF AC{A)<0> EQL 1 => PC.E));

(IF OPCODE EQL #254 => ! JRST
(IF PDP6 OR KA10 OR KI10 =>
(IF F<9> EQL 1 =>» MUUQ);
(IF F<10> EQL 1 ®> MUu0);
(IF F<11> EQL 1 => JRSTF);
(IF F<12> EQL 1 => FORTAL))I
(IF KL10 => (DECODE F =>
PCLE?
PORTAL}
JRSTF;
MUuo;
‘MU0
MUUO
MUUO;
MUUO;
MUUO

PAGE 32

| EXCH
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MUUO
MUUGy
MUu0;
MUuO;
MUUO:
MUUO;
MOuGY)):

‘PORTAL 312 (
(IF PDP& QR KAl0 OR UNICORN > USERm1):
(IF KI10 OR KL10 3> (IF P EQL 0 => PUBLIC.0)))}

JRSTF = (
PC,WORD<0$4> MILAST]<034>;
(IF MILASTI<5>» EQL 1 %> USER_.1)}
(DECODE M[LASTI<6> => '
USER,10.0; (IF USER EQL 0 => USER,I0.1));
PC wGRD<7:12>,M£LASTJ<7;12>J;

(IF OPCODE EQL #255 => i JFCL
TEMPF.LF AND PC,WORD<03:3>;
PC,WORD<0:3>,(NOT F) AND PC, WORD<0:13>;
(IF TEMPF NEQ 0 => PCLE));

(IF OPCODE EQL #256 s> IR.M(E} NEXT I,EXECUTION); | XCT

(IF OPCODE EQL #257 => ! MAP
- (1F PDP6 DR KA10 OR KL10 OR UNICORN => MUUO);
(IF KI10 =>
AC(A1<0117>,0;
AC[A]1<18>.PAGE,FAILURE}
ACIAI<19> P}
AC[AI<20>.W;
AC[A)<21>_5;
AC[A1<22>NO,MATCH}
AC[A]1<23:35> PHYSICAL,PAGE,ADDRESS));

33
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

+ PROCEDURE LINKAGE

s T Y T .

(IF OPCODE. EQL #260 s> ! PUSHJ

(IF PDP6 (R KA10 => AC(R]QAC[AJ*&1060001):

(IF KI10 OR KL10 OR UNICORN =>
ACIA)<03172 ACIATI<0317>+1
ACIA)<18:35>_ AC[A]<18335>+1);

FPDL0O; AFI.,0; TRAP«1.,0; TRAP,2.0 NEXT

(IF AC[A)<0317> EQL 0 => TRAP.? 1);

VMAAC[A)<18:35> NEXT

M{VMA]PC,WORD;

PCLE)}

(IF OPCODE EQL #261 3> ! PUSH
(IF PDP6 OR KA10 => ACIA)_ AC[A}+#1000001);
(IF KI10 OR KL10 OR UNICORN =>
- AC[A)<0:17>AC[AI<0317>+1;
ACLAI<18335> AC(A1<18:35>+1) NEXT
(IF AC[A)<0:17> EQL 0 »> TRAP,2.1)}
VMALAC[A1<18335> NEXT
MIVMA]MIE]}) s

(IF OPCODE EQL %262 => ! POP

SPLAC{A] NEXT

VMA,8P<18335> NEXT

TEMP.MI[SP] NEXT

(IF PDP6 OR KA10 => SP,SP=#1000001);

(IF KI10 OR KL10 OR UNICORN => '
SPC0317>.5P<0117>=1;
SP<18335>,SP<18:35>»1);

(IF PDP6 OR KL10 OR UNICORN => M[E].TEMP NEXT

ACIA].SP)}

(IF KA10 OR KI10 3> AC[A].SP NEXT M[E].TEMP):

(IF SP EQL =1 m> TR&P,?ml)):

(IF OPCODE EQL #263 => ! POPJ
' (IF PDP6 OR KAL10 => AC[A].AC[A]=#1000001);
(IF KI10 OR KL10 OR UNICORN =>
© ACIAI<0317>,ACIAI<0317>e1}
AC[A)<1B8235>,AC[A]<18:35>=1);
FPD,0; AF1,.0; TRAP.1.03 TRAP,2,0 NEXT
(IF AC[A)<0:17> EQL =1 => TRAP.Z,:),
VMA_AC[A)<18535>=1 NEXT
PCLMIVMAL);
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

(1F

(1F

(IF

(1F

OPCODE EQL #264 &> ! JSR

FPD.0; AFI.0; TRAP,1.0; TRAP,2,.0 NEXT
MIE].PC,WORD?

PC.E+1);

OPCODE EQL #265 3> } Jsp

FPDw0; AFI.0; TRAP.1.0; TRAP,2.0 NEXT
AC[A].PC,WORD;
PCLE) 3

OPCODE EQL #266 => ! JSA
MIE].ACLA]}

ACLA1<0:17>.E; AC[A}<€18335>.PC;
PCLE+1);

OPCODE EQL #267 3> ! JRA
VMAACTA]<0:17> NEXT :
ACLA]WMLVMA];

PCaE);

PAGE.
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ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS

{| SINGLE PRECISION INTEGER ARITHMETIC

] womomosmmmmmm i mmonm i mwwmm o m-wn

(1F (OPCODE GEQ #270) AND (OPCODE LEQ #277) 3>
- (DECODE OPCODE<7:8> 3>

S~MIE]}} 1 -

S.E}; 1 =]

S5.M[E]) NEXT 1 =B ‘
({DECODE OPCODE<6> => DLAC[A)}+S} DLACILA}=S) NEXT | ADD,
SuUB '

SET,.FLAGS; { OVERFLOW,CRY,0,CRY,1,TRAP,1

(DECQDK OPCODE<7:8> =>
ACIAl.D; | =
AC[A}.D; } =1
MIE].D}: 1 =M
(ACLAl D3 MIE}LD))): ! =8
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15p D&SCRIPTIUN OF PDP«6, KA, KI, KL PROCESSORS '

! ARITHMETIC TESTING

z -

(IF (OPCODE GEQ #300) AND (OPCODE LEQ #377) 2>
(DECODE OPCODE<3:5> =>

(TEMP,,AC[A}=E NEXT SKIP,TEST); | CAl~
(TEMPLAC[A]=M(E] NEXT SKIP TEST); ! CAM»
(TEMP.ACLA] NEXT JUMP,TEST)} ! JuMP=

(TEMP_M[E]; | SKIP=
(IF A NEQ 0 => AC[A].MLE]}) NEXT SKIF TEST)
(AC[A)LAC[A)+1 NEXT ! AOJ=
- SET.FLAGS? l OVERFLOW,CRY, OcCRY,IpTRAPQI
TEMP ~ACLA] NEXT JUMP,TEST);
(MIE).MLE)+1 NEXT ! AQS»
(IF A NEQ 0 => AC[AJMIE]) NEXT
SET.FLAGS; { OVERFLOW,CRY, G:CRIpl TRAP,1
TEMP.MLE] NEXT SKIP TEST);
(ACIA}LAC[A]=1 NEXT ! SOJ=
SET,FLAGS; | OVERFLOW,CRY, Q;CRY.IaTRAP 1
TEMP,AC[A} NEXT JUMP,TEST);
(MIE]LMIE]=]1 NEXT ! SQs~
(IF A NEQ 0 => AC[A]. M[E]) NEXT
SET,FLAGS; ! DVERFhOHpCRY;UeCRY,I TRAP 1
TEMP,MIE] NEXT SKIP,TEST))):

SKIP,TEST 1% (
(DECODE OPCODE<638> 2>

PC.E)));

NOP; v I =
(IF TEMP LSS 0 2> PCLPC+1)1 ! =L
(IF TEMP EQL 0 s> PC.PC+1); | =E
(IF TEMP LEQ 0 => PC.PC+1); ! =LE
PCPC+1; } =2
(IF TEMP GEQ 0 3> PC.PC+1)} ! =GE .
(IF TEMP NEQ 0 => PCLPC+1); ! =N
(IF TEMP GTR 0 =>» PCLPC+1))); -G
JUMP,TEST 5 (

(DECODE OPCODE<6:8> 2>
NOP3 -
(IF TEMP LSS 0 => PCLE); P o~L
(IF TEMP EQL 0 => PCLE)} ! =E
(IF TEMP LEQ 0 s> PC.E); I =LE
PCLE; ! =2 '
(IF TEMP GEQ 0 => PC.E): ! =GE
(IF TEMP NEQ 0 2> PCLE); ! =N
(IF TEMP GTR 0 => i =G
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ISP DESCRIPTION OF PDPw6, KA, KI, KL PRUCESSORS )

! LOGICAL

| swomenw

(IF (OPCODE GEQ #400) AND (OPCODE LEG #477) =>
(DECODE OPCODEX7:8> =>
MMLE}; 1 »
[ I i =1
DmMlE] 1 =M
DLMLE]) NEXT { =B
(DECODE OPCUDE<336> =>
D0 { SETZ
DLACLA] AND D; ! AND
D?(ﬁQT AC[A]) AND D ! ANDCA
NQP3 ! SETM _
DLAC[A) AND (NOT D)3 } ANDCM
DLACLA]; } SETA
D.ACLA)} XOR D} ! XOR
DL.ACLA] OR D; ! IOR
DL.NOT (AC(A] OR D)3 ! ANDCB
D.ACIAl EQV D; ! EQV
D.NOT ACLAY: ; 1 SETCA
D.(NOT AC(A]) OR D5 ! DRCA
D.NOT D3} ! BETCM
D.AC{A] OR (NOT D); ! ORCM
D.L.NOT (ACLA] AND D);: ! ORCB:
Da#777777177777) NEXT ! SETO
(DECODE OPCODE<738> ®>
~ AC[AlLD; | =
AC[Al_,D; ! =1
MIE).D? 1 =M
(AC(A].Dy MIE]}LD))) 1 =B



1080,2040,2060 ENGINEERING FUNCTIONAL $PEC = CHAP 2,17 PAGE 39
ISP DESCRIPTION OF PDP=6, KA, KI, KL PROCESSORS : ‘

| HALF WORD

] mwmonconns

(1F (OPCODE GEQ #500) AND (OPCODE LEQ #577) 2>
(DECODE OPCODE<738> =>
' (S.MLE]; DLACIA}); | =

(S.E; DLAC(A)); | =1
(S,ACLAl; DLMIE]); | M
(5.M[E}; DW.M[E])) NEXT | =8
(DECODE OPCODE<3>@0PCODE<6> => '
D<0317>,.8<0517>;
D€0317>,.5<18335>;
D€183352>,5<18335>;

H§133357m5§0317§) NEXT
(PECODE OPCODE<4:5> =>

(DECODE QPCQQ$<3> B> TEMPmD<13 35>3 TEMPgﬂ‘OSi?))i

l =

TEMP,.03 ! ’Z

TEMP..#7777773 L =0

(DECODE S<0> => TEMP,0; TEMP.#T777777)) NEXT | ~E
(DECODE OPCUDEK3I> => D<18: 35) TﬁMP; U<0317> -TEMP) NEXT

(DECODE QPCODE<7:8> =>

AC[Al.D: R
ACIAl.LD; & -1
M({E) D} I =M

(M{EJ.D; (IF A NEQ 0 2> ACIAJ.D)))); L o-s
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} TEST, MODIFY AND SKIP

| wommmenenmmemnrsmennne

(IF (OPCODE GEQ #600) AND (OPCODE LEQ #b??) =>
(DECODE OPCUDE<S»@QPCODE<E> =>
TEMP.E?} ! =R
(TEMP<0:17>_E; TEMP<18:35>,0); i =L
TEMP.M[E]; | =D
(rEMP<0317>ﬂM[E3<18;35>' 1EMP<18:35),MIEJ€0:17>})~
NEXT 1 =8 .
(DECQODE DPCODE<6;7>'$>
NOP; 1 -
(IF C(AC{A] AND TEMP) EQL 0 %> PC,PC+1); ! =E
PC.PC+1; .4 =A .
(IF (AC[A] AND TEMP) NEQ 0 => P(,.PC+1)) NEXT ! =N
(bECGDE OPCODE<3t4> =>

NOP} ! =N
AC[A).AC[A] AND (NOT TEMP); | =Z
AC[A)LAC[A] XOR TEMP; L =C

AC[A)LACIA) OR TEMP)); ! -0



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC =« CHAP 2, 17 PAGE 41
Isp DESCRI?TION OF PDP=6, KA, KI, KL PROCESSORS

| INPUT/OUTPUT AND PROCESSOR DEPENDENT GPERATIONS
x H”QF”ﬂﬂ-,ﬂ”ﬂﬂﬂﬂﬂﬂ*”ﬂﬂ’ﬂ*ﬂ"ﬂ.ﬂﬂﬂﬂﬂ-mﬂ‘ﬂﬂ.ﬂﬂ-ﬂ.ﬂﬂ

(IF (OPCODE GEQ #700) AND (OPCODE LEQ@ #777) s> MUUO)

)3 | END I,SET
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! EXTENDED INSTRUCTION SET

Y L Y Y O T Py s p———

(IF OPCODE EQL #000 3> MUUO); ! UNDEFINED

(IF OPCODE EQL #004 => ! EDIT
SRC,SETUP NEXT
ELOOP:= GET,PATTERN,BYTE NEXT
UPDATE ,PATTERN, ADDRESS NEXT
(DECODE PATTERN<012> =>
(IF PATTERN€338> EQL #00 s> EEND); | TERMINATE
(IF PATTERN<33:8> EQL #01 => ! SELECT
BYTE,PTR.AC[A+1] NEXT |
INCREMENT ,BYTE ,PTR NEXT
AC[A+1).BYTE,PTR NEXT
LOAD,BYTE NEXT
TRANSLATE NEXT
DuS?
BYTE,PTR.AC[A+4] NEXT
INCREMENT,BYTE ,PTR NEXT
ACUA+4] BYTE ,PTR NEXT
DEPOSIT,BYTE);
(IF PATTERNC33:8> EQL #02 => ! SIGNIFICANCE
START
(IF ACI[A}<0> EQL 0 > ACIAJ<0>”1):
(IF AC[AI<0> EQL 1 3>
ACTA+31 L ACIA+4]}
PATTERN<338>_1 NEXT
LOAD ,MSG,CHAR) )}
(IF PATTERN<318> EQL #03 => ACIAI<0$2>.1000); !
FIELD SEPARATOR
(IF PATTERN<33$8> EQL #04 => !} EXCHANGE
MARKER
VMALAC[A+3]1<18335> NEXT
ACLA+4] M{VMA]s M{VMAJ ACLA+4]);
(IF (PATTERN<318> GEQ #05) AND (PATTERN<3:8>
LEQ #77) => NOP));

LOAD,M5G,CHAR} ! MESSAGE CHAR

NOP; 1 2XX

NOP} ! 3xX

NOP; ! 4XX

(IF AC{A}<2> EQL 1 B> SKIP, ?ATTERNJt i SKIP
IF M

(IF ACLAl<1> EQL 1 => SKIP,PATTERN); i SKIP
IF N

SKIP,PATTERN) NEXT | SKIP PATTERN ALWAYS
ELOQP NEXT ‘
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EEND $= PCLPC+1)}

(IF (OPCODE EQL #001) OR (OPCODE EQL $002) | CMP-
OR (OPCODE EQL #003) OR (OPCODE EQL #00%5)
OR (OPCODE EQL #006) OR (OPCODE EQL #007) =»
SRC,SETUP; DST,SETUP NEXT
CLOOPs= (IF (AC(A]<9:35> EQL 0) AND (AC{A¢31<9 35> EQL 0) a>.
‘ ' COMPDONE) NEXT
(IF AC[A}<9135> EQL 0 =>
P0S.03
SIZELAC[A+1]1<6811>;
BYTE,PTR€12317>,.01
BYTE,PTR<18335>,E0+1 NEXT
LOAD,BYTE);
(1F Ac£A3s9:35> NEQ 0 %> GET,SRC,BYTE) NEXT
TEMPLS;
(IF AC[A+31<9:35> EQL 0 =>
P0S..0;
SIZE.AC[A+1)<6111>;
BYTE,PTR<12317>_0;
BYTE,PTR<18335>_E0+2 NEXT
LOAD,BYTE);
(IF AC[A+3]<9:35> NEQ 0 :m>
BYTE,PTR.AC[{A+4) NEXT
INCREMENT ,BYTE.PTR NEXT
AC[A+4] BYTE,PTR NEXT
AC[A43]1<9335> AC[A+31<93:35>=1 NEXT
LOAD,BYTE) NEXT
DS} SwTEMP NEXT
(DECODE OPCODE<618> s>

NOP;

(IF 8 LSS D s> CMPSKP); ! CMPSL

(IF- S NEQ D s> CMPEND), ! CMPSE

(IF § LEQ D .3> CMPSKP)}; ! CMPSLE

NOP}

(IF 8 GEQ D => CMPSKP); ! CMPSGE

(IF S NEQ D => CMPSKP); ! CMPSN

(IF S GTR D => CMPSKP)) NEXT ‘ 1 CMPSG
CLoOP;

COMPDONEs=(IF OPCODE NEQ #002 => CMPEND) NﬁXT
CMFSKF:&PCQFC#lli
CMPEND:?NGP)S

(IF (OPCODE GEQ #010) AND (OPCODE LEQ ﬂﬂll) E 3 NUP), !
CONVERT DECIMAL TO BINARY
SRC,SETUP NEXT
(DECQDE ACIAI<O> =>.
MAN1<03F70>,03
(xAN1<0:35>nAC£A+4)£0:35>;
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MANLSF363F70>.AC(A+5]1<1§35>) NEXT
DBLOOP := (IF AC[A)<9335> EQL 0 2> DBDUNE) NEXT
GET,SRC,BYTE NEXT
(IF (S LSS 0) OR (8 GTR 9) '=> DBERR) NEXT
MAN1<OSsF70>.(MAN1I<OSFT0>%#10)+53
ACIAI<93355> ACIAI<9135>=] NEXT
DBLOOP
DBDONE :® (IF ACLAJ<1> NEQ 0 => MAN1<03F70>.=MANLI<0:F70> NEX?
AC[A+4)<0:35> MAN1<0135>;
AC[A+5)<0>, MAN1<O>;
AC[A+5)<1335> MANI<F363F70>);

(IF (OPCODE GEQ #012) AND (OPCODRE LEQ #013) => 15

CONVERT BINARY TO DECIMAL

MAN1<0: 35>, AC[A]<0:35>;

MANI<F36:FT70>, AC[A+11<1335> NEXT

(IF MAN1<0> EQL 1 3> MAN1_.=MAN1j; AC[A+3]<2>_1);

(IF MAN1<OtF70> LEQ 9999999999999999999999 =>
TEMP,227 MAN2<03F70>.1000000000000000000000) NEXT

(IF MANI<OQSF70> LEQ 9999999999999999999%99 3>
TEMP,,21; MAN2<03F70>.100000000000000000000) NEXT

(IF MAN1<Q:F70> LEQ 99999999999999999999 3>
TEMP,20; MAN2<03F70>.10000000000000000000) NEXT

1F MANI<O:F70> LEQ 99 3>
TEMP,.23 MANZ2<Q:F70>.10) NEXT
(IF MAN1<Q3;F70> LEGQ 9 =>
TEMPL1} MAN2<0:F70>,1) NEXT
TEMPLAC [A+3]<9:35>=TEMP NEXT
(IF TEMP GTR 0 =>
- POS.0;
 SIZELACIA+4]1<6111>;
BYTE,PTR<12317>_0;
BYTE,PTR<18:35> EO+1 MEXT
LOADBYTE NEXT
fBYTE.PTR@AC£A¢4] NEXT
BDFILL 1% DEPOSIT,BYTE NEXT
INCREMENT ,BYTE,PTR}
TEMP”TEMPﬂI NEXT
(1IF TEMP NEQ 0 => §DFILLJ)3
(IF TEMP LSS 0 =>» BDEND) NEXT
BYTE ,PTRLAC[A+4]
BOLOOP 3=(IF MAN2<O0:F70> NEQ 0 s>
TEMP1 MAN1<O:FT70>/MAN2<O3F70> NEXT
(IF OPCODE EQL #012 => TEMPI,TEMFI+E1)S
(IF OPCODE EGL #013 =>
5<0:34> .. TEMPL;
(DECODE (MAN2<QIF70> NEQ 1) OR (AC[A+3])<2> NEQ
1) =>
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$€35>.0; S<35>.1) NEXT

TRANSLATE NEXT
D.S) NEXT

STORE,DST,BYTE}

MAN2<0$F70> MAN2€03F70>=1 NEXT

BDLOOP) NEXT

PC.PC+1}
BDEND 1= NOP);

(IF (OPCODE GEQ #014) AND (QPCODE LEQ #015) =>
SRC,SETUP; DST,.SETUP NEXT
MLOOP:= (IF AC£A+3349335> NEQ 0 =>
(IF ACIA]<9:35> EQL 0 =>

P0S.0}
SIZELAC(A+1)<6211>;
BYTE,PTR<12:17>,.0;
BYTE,PTR<18335>,E0+1 NEXT
LOAD,BYTE)

(IF AC[A]<9:35> NEQ 0 => GET,SRC,BYTE) NEXT
(1F OPCODE EQL #014 => S_S+E); ! OFFSET

(IF OPCODE EQL #015 => TRANSLATE) NEXT
TRANSLATE
STORE,DST,BYTE NEXT
MLOOP) NEXT
PCLPC+1))

~(1F (OPCODE GEQ@ #016) AND (UPCODE LEQ #017) >
MOVS»J
SRC,SETUP; DST,SETUP NEXT
(IF OPCODE EQL #017 s> | RIGHT JUSTIFY
TEMPLACLA)<9:35>=AC(A+3]1<93:35> NEXT
MRJ = (IF TEMP LSS 0 =>
POS.0}
SIZE.ACLA+1])<62:11>;
BYTE,PTR€12317>,0;
BYTE,PTR<18:35>_E0+1 NEXT
LOAD,BYTE NEXT
DS
BYTE.PTR,AC[A+4]) NEXT
INCREMENT ,BYTE,PTR NEXT
AC{A+4] BYTE,PTR NEXT
DEPOSIT,BYTE;
TEMPLTEMP+1 NEXT
MRJ);
(1IF TEMP GTR 0 =>
BYTE,PTRLACL[A+1]}
TEMP1,TEMP NEXT
ADJUST(BYTE,PTR NEXT

PAGE 45
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!

MOVS=



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2, 17 PAGE 46
ISP DESCRIPTION UF PDP=6, KA, KI, KL PROCESSORS

AC[A+1)..BYTE,PTR)) NEXT
MJLGOPsr (IF AC[A+3])€9:35> NEQ 0 =>

(IF AC[A)J<9:35> EQL 0 .=>
P0S.03
SIZELAC(A+1]<6211>;
BYTE,PTR<12:17>,0;
BYTE, PTR<1B:35>,E0*1 NEXT
LUADBYTE) s

(IF ACIA]<9:35> NEQ 0 => GET,SRC,BYTE) NEXT

DS}

-STDRE.DST,BITE NEXT

MJLOOP) NEXT

PCLPC+1));

(IF (OPCODE GEQ #020) AND (UPCGQE LEQ #777) => MUUO) :
UNDEFINED

) | END EXT,I,8ET

)} | END PDP10O
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1, SUMMARY

1. THE KL10 HAS TWO KINDS OF MEMORY, INTJRNAL (E,G,, MA20)
AND

2, EXTERNA& (MG10),

THIS CHAPTER DESCRIBES THE ADAPTER FOR THE SECOND KIND OF
MEMORY,

THE DMA20 IS AN ADAPTER WHICH ENABLES THE KL10 TO ACCESS
EXTERNAL CORE MEMORY STORAGE MODULES VIA THE STANDARD KI10
MEMORY BUS, FOUR SUCH KI BUSES CAN BE CONNECTED BETWEEN THE
DMA20 AND THE STORAGE MODULES, THEREBY ENABLING FOUR SEPARATE
STORAGE MODULES TO BE CYCLING AT ESENTIALLY THE SAME TIME IN A
4=WAY INTERLEAVE MODE, NON«INTERLEAVING AND 2«WAY INTERLEAVING
MODES ARE ALSO POSSIBLE, N o

STORAGE MODULES ARE SET TO THE DESIRED INTERLEAVING MODE BY
PHYSICALLY CONFIGURING THE MEMORY ADDRESS SWITCHES ON EACH
STORAGE MODULE, THE DMA20 IS SET TO THE DESIRED REQUEST MODE,

AND STATUS LNEGREATIGN IS8 RETRIEVED WITH SBUS DIAGNOSTIC
CYCLES, '

2, TERMINOLOGY

2.1 KBUS

REFERS TO A MEMDRY BUS WHICH MEETS 'THE KI MEMORY BUS
SPECIFICATIONS, IT CONNECTS BETWEEN THE DMA20 AND THE EXTERNAL
MEMORY STORAGE MODULES,

2,2 sBUS

INTERNAL STORAGE BUS THAT CONNECTS BETWEEN MBDX AND THE DMA20,

3, GOALS

1, THE DMA20 WILL CHECK PARITY ON ALL ﬁATA TRANSEER$. IT
' WILL NOT CORRECT BAD PARITY,

2, THE DMA20 WILL BE CAPABLE OF 4=WORD READS AND WRITES,

3, THE DMA20 WILL DETECT NXM'S ON ANY WORD oF A
MULTIPLE»WORD REQUEST, EXCEPT THE FIRST WORD, IN THE
CASE OF THE FIRST ﬁQRDg NXM IS DETECTED BY THE MBOX,

4, THE DMA20 WILL CHECK ADDRESS PARITY ON THE SBUS,
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4, NON~GOALS

1, THE DMA20 WILL NOT SUPPORT THE IGN PARITY FEATURE OF
THE KBUS,

5, BASIC OPERATION

THE EXTERNAL MEMORY ADAPTER (DMA20) IS THE INTERFACE CONROL
ELEMENT BETWEEN THE MBOX AND THE EXTERNAL DESTRUCTIVEREADOUT
CORE MEMORY (SEE FIGURE 1), 1IN ADDITION TO DATA TRANSFERS, THE
DMA20 PROVIDES ERROR DETECTION AND REPORTING CAPABILITIES,

THE DMA20 IS EQUIPPED WITH FOUR KBUSES, CONNECTED T0 EACH KBUS
CAN BE FROM { TO 16 STORAGE MODULES, PROVIDING AN OVERALL
STORAGE CAPACITY OF 16 X 4 X 64, OR OVER FOUR MILLION, 36%BIT
WORDS PLUS PARITY FOR MF10'S, OR 16 X 4 X 128 (OVER 8 MILLION
WORDS) FOR MG10'S, COMMUNICATION PBETWEEN THE DMA AND THE
STORAGE MODULES TAKES PLACE OVER THE KBUSES, COMMUNICATION
BETWEEN THE DMA AND THE MBOX TAKES PLACE OVER THE 8BUS,

THE DMA HAS A SEPARATE INTERNAL BUFFER STORAGE REGISTER . FOR
EACH KBUS, THIS ENABLES SINGLE OR MULTIPLE REQUESTS TO BE SENT
TO MEMORY OVER THE DIFFERENT KBUSES, DATA BETWEEN THE DMA20
AND THE MBOX IS ALWAYS TRANSFERRED ONE WORD AT A TIME, WITH OR
WITHOUT INTERLEAVING OF THE DATA WORDS 1IN THE DMA BUFFER
STORAGE REGISTERS, :

TWO TYPES OF MEMORY INTERLEAVING ARE POSSIBLE;  2=WAY AND
4=WAY,  WITH 2<WAY INTERLEAVING, MEMORY ADDRESSING ALTERNATES
BETWEEN TWO CONSECUTIVE STORAGE MODULES, SUCH AS BETHEEN
MODULES 00 AND 01, WITH 4~WAY INTERLEAVING, MEMORY ADDRESSING
ROTATES THROUGH FOUR CONSECUTIVE STORAGE MODULES, SUCH AS 00,
01, 02, 03, OR 04, 05, 06, 07, |

MODULE INTERLEAVING IS ENABLED BY PHYSICALLY SETTING THE
APPROPRIATE INTERRLEAVE SWITCHES BEHIND THE FRONT PANEL DOOR OF
THE STORAGE MODULES, AS SHUWN BELOW,

INTERLEAVE SWITCH SETTINGS FOR MF10

STORAGE MODULE

MODE MADR SWLTCHES
34 35
NON=INTERLEAVE " NORM  NORM
2WAY - NORM  INTL
4eWAY | INTL  INTL

FOR THE SYSTEM TO GAIN FULL ADVANTAGE OF THE MEMORY
INTERLEAVING, THE DMAZ20 SHOULD BE SWITCHED (THRUUGH SOFTWARE)
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TO THE APFROPRIATS "REQUEST MODE“ - AS' SHOWN BELOW, FASTEST
OPERATION I8 ACHIEVED WITH REQUEST MODE 4 AND THE MADR SWITCHES
SET FOR 4=WAY,

DMAZ20 ‘
REQUEST MODE  NON=INTL R 2eWAY R 4eWpY R

MODE 1 A (6) 1 A 2 A (&) 3

MODE 2 NA A(3) 4 A(2) 5

MODE 4 NA NA | A1) 6
A =z ALLOWED |

NA = NOT ALLOWED

THE ASSOCIATED NUMBERS IN PARENTHESES ARE LISTED FROM 1 TO 6,

WITH 1 BEING THE MOST DESIRABLE AND 6 BEING THE LEAST DESIRABLE

CONFIGURATION,

R #.RﬁsTRICTIGNS {OTHER THAN ﬂQRMAL MEMORY CQEFIGURATIQN

1 = 3 NONE |

4 WHEN ADDED TOGETHER, KBUSES KO AND K2 MUST SEE THE 3AME

ADDRESS RANGE AS. KBU$ES Ki AND K3, IGNORING BIT 35, FOR

EXAMPLE: ' '

~ ACCEPTR&LE NOT ACCEPTABLE

KO w=w64K womb 4K
| !

K1 ! 64Kwmw [} Sixnwn

! H : ‘

K2 we=32K | emwb4K |

K; QZKn-ﬂ 32Kmwm

THE STORAGE MODULES ON BUSES KO AND K2 MUST RESPOND TO EVEN

ADDRESSES; THAT IS5, THE LEAST SIGNIFICANT BIT (LSB) OF MODULE

SELECT MUST BE SELECTED FOR A ZERO, THE CQNVERS@ Is TRUE (0DD

ADDRESSES) FOR MQDULE& ON EUSES K1 AND K3

5 SAME AS ABOVE

6 THE TWO LEAST SIGNIFICANT BITS (OF THE MODULE SELECT
SWITCHES) MUST EQUAL THE BUS NUMBER, FOR EXAMPLES:

BIT
18 19 KBUS
00 0
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01 1
10 2
11 3

INTERLEAVING EFFECTIVELY DECREASES CYCLE TIM&; THUS REDUCING
PROCESSOR MEMORY WAIT TIME, NORMALLY, THE DMA20 SHOULD BE
OPERATED IN REQUEST MODE 4, HOWEVER, DEGRADED INTERLEAVED
OPERATION IS ALLOWED WITH REQUEST MODE 2, AND FURTHER MEMORY
SYSTEM DEGRADATION IS ALLOWED WITH REQUEST MODE 1, CHANGING
FROM MODE 4 TO MODE 2 OR MODE 1| (THROUGH -SOFTWARE) RQUIRES
CURRESPUNEING CHANGES IN THE MADR PHYSICAL SWITCHES,

ONLY STOURAGE MODULES OF THE SAME SIZE AND HAVING CONSECUTIVE
PORT ADDRESSES WITH AN EVEN PORT ADDRESS FIRST MAY BE
INTERLEAVED, FOR EXAMPLE, 2*WAY INTERLEAVING CAN EXIST BETWEEN
STORAGE MODULES 0 AND 1 (OR 2 AND 3) BUT NOT BETWEEN § AND 2
(OR 3 AND 4); 4=WwAY INTERLEAVING CA EXIST BETWEEN STORAGE
MODULES 0, 1, 2, 3 BUT NOT BETWEEN 1, 2, 3, 4 (INTERLEAVING
CANNOT RUN FROM ONE COULUMN TO ANOTHER), SEVERAL EXAMPLES ARE
GIVEN BELOW (SEE FIGURE 2), NOTE THAT, IN 2~WAY, THE STORAGE
MODULES DU NOT HAVE TO BE CONNECTED IN NUMERICAL ORDER TO THE
KBUSES, THEY MUST BE IN NUMERICAL ORDER FOR 4=WAY,

KBUS MODULE NGO, SIZE OR SIZE
0 2 32K 64K
1 3 32K 64K
L=WAY '
2 0 32K 32K
3 1 32K 32K
0 0 64K 32K
1 1 64K , 32K
4eWAY ’
2 2 64K 32K
3 3 64K 32K

THE OPERATION OF THE DMAZQ I3 ASYNCHRONOUS WITH RE&PECT TO CORE
AND SYNCHRONOUS WITH RESPECT TO THE MBOX, MEMORY QPERATION I8
INITIATED WHEN THE MBOX REQUESTS A MEMORY CYCLE BY ISSUING A
MEMORY ADDRESS AND CYCLE TYPE (READ, WRITE, ETC,) OVER THE
SBUS, AFTER DECODING THE INCOMING REQUEST, THE DMA ENABLES THE
APPROPRIATE KBUS AND ISSUES A MEMORY CYCLE REQUEST TOGETHER
WiTH THE MEMORY ADDRESS TO THOSE STORAGE MODULES CONNECTED TO
THE KBUS,

1F THE ADDRESSED STORAGE MODULE IS NOT BUSY, IT \RE§DS THE
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ADDRESS INTO ITS INPUT BUFFER AND RESPOUNDS WITH AN ACKNOWLEDGE
SIGNAL, THE ACKNOWLEDGE SIGNAL IS GATED THROUGH THE DMA TO THE
MBOX, INDICATING ACCEPTANCE OF THE MEMORY REQUEST, THE DMA
THEN CONTROLS THE REQUESTED CYCLE TYPE, TRANSFERRING DATA
BETWEEN THE MBOX AND CORE, ”

'MOST CORE STORAGE MODULES HAVE FOUR PORTS, LABELLED PO, Pi, P2,
AND P3 TO FACILITATE CONNECTIOUNS BETWEEN THAT STORAGE MODULE,
THE MEMORY INTERFACE (E,G,, THE DMAZ0), AND OTHER PERIPHERALS,
SUCH AS AN RH10, ALL PORTS OF EACH STURAGE MODULE SHOULD HAVE
THE SAME ADDRESS SWITCH SELECTION, IN THE EVENT OF TWO OR MORE
SIMULTANEQOUS REQUESTS, THE MEMORY PRIORITY NETWORK ALLOWS
ACCESS TO THE PORT HAVING THE HIGHEST PRIORITY, FIRST PRIORITY
15 ASSIGNED MEMORY PORT PO; SECOND PRIORITY IS ASSIGNED TO
MEMORY PORT P1, THIRD PRIORITY 18 SHARED BETWEEN MEMORY PORTS
P2 AND P3 SUCH THAT IF PORT P2 WERE SERVICED LAST IN THE
PREVIQUS MEMORY CYCLES, PORT P3 WOULD BE GIVEN PRIORITY OVER
PORT P2 SHOULD SIMULTANEOUS REQUESTS OCCUR ON THESE PORTS, .

IN THE EVENT OF A MALFUNCTION OF ONE PARTICULAR STORAGE MODULE
(FIGURE 1), THE MONITOR PROGRAM WILL RESTRUCTURE THE QVERALL
CURE MEMORY TO EFFECTIVELY BY-PASS THE FAULTY MODULE PLUS THE
OTHER STORAGE MODULES ASSOCIATED WITH IT FOR INTERLEAVING, FOR
EXAMPLE, IN 4=WAY INTERLEAVING, IF STORAGE MODULE 03 IS FAULTY,
‘THE MONITOR WILL BY~PASS ALL FQUR CORE STORAGE MODULES 00, 01,
02, AND 03, DIRECT COMMUNICATION BETWEEN THESE FQUR MUDULES
AND THEIR RESPECTIVE PERIPHERAL(S) WILL ALSO TERMINATE,

DEPENDING ON THE NATURE OF THE MALFUNCTION, THE COMPUTER
OPERATOR MAY ELECT TO SHUT DOWN THE SYSTEM AND SET THE MEMORY
INTERLEAVE SWITCHES 10 DIFFERENT  POSITIONS (E,Gy»
NON=INTERLEAVING MODE), THEREBY PERMITTING USAGE OF ALL
AVAILABLE MEMORY, EXCEPT FOR THE FAILING BOX, UNTIL THE
MALFUNCTION IS CORRECTED, IN THIS CASE, THE DMA MODE MAY ALS

HAVE TO BE CHANGED (E,G,, THROUGH SOFTWARE), '

6, MEMORY ADDRESSING

THE MANNER IN WHICH AN MF10 STORAGE MODULE IS PROGRAMMED (IN
THE KL10 CONFIGURATION) IS ILLUSTRATED IN FIGURE 3, BITS 14 =
19 DETERMINE WHICH ONE OF THE 64 STORAGE MODULES WILL BE
SELECTED, FOR A GIVEN INSTRUCTION, BITS 20 = 35 DETERMINE
WHICH ONE OF THE 64K WORDS WILL BE ADDRESSED IN THAT PARTICULAR
STORAGE MODULE, FOR EXAMPLE, 03 000004 (OCTAL) SELECTS THE
FOURTH WORD IN MF10 STORAGE MODULE 03,

WHEN 2«WAY INTERLEAVING IS SELECTED FOR AN MF10, THE LEAST
SIGNIFICANT MODULE=ADDRESS BIT (BIT 20 FOR 32K AND BIT 19 FOR
64K) IS SWAPPED WITH THE LEAST SIGNIFICANT "WORD=ADDRESS - BIT
(BIT 35), 1IN THIS CONFIGURATION, SHOULD THE PROCESSOR GENERATE
CONSECUTIVE ADDRESSES STARTING AT ADDRESS 0 OF MF10 NUMBER 0,
THE SUBSEQUENT MEMORY CYCLES WOULD ALTERNATE BETWEEN MF10
MEMORIES 0 AND 1, ADDRESSING ONLY THE EVEN WORD LOCATIONS (0,
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2, 4, 6, ETC,) UNTIL ALL THE EVEN LOCATIONS WERE ADDRESSED, AND
THEN ADDRESSING ALL THE 0DD LOCATIONS (1, 3, 5, 7, ETC.) UNTIL
ALL THE ODD LOCATIONS WERE ADDRESSED, THIS SEQUENCE WOULD BE
CONTINUOUSLY REPEATED UNTIL THE PROCESSOR CEASED GENERATING
CONSECUTIVE ADDRESSES, |

WHEN 4=WAY INTERLEAVING 1§ SELECTED FOUR AN MF10, THE TWO LEAST
SIGNIFICANT MODULE=ADDRESS BITS (BITS 19, 20 FOR 32K AND BITS
18, 19 FOR 64K) ARE SWAPPED WITH THE TWO LEAST SIGNIFICANT
WORD*ADDRESS BITS (BITS 34, 35), IN THIS CONFIGURATION, SHOULD
THE PROCESSOR GENERATE CONSECUTIVE ADDRESSES STARTING AT
ADDRESS 0 OF MF10 NUMBER 0, THE SUBSEQUENT MEMORY CYCLES WOULD
ROTATE BETWEEN MF10 MEMORIES 0, 1, 2, 3, STARTING AT ADDRESS 0,
MEMORY LOCATIONS WOULD BE ADDRESSED IN THE FOLLOWING SEQUENCE
AT EACH OF THE FOUR MF10 MEMORIES: - N

WORD LOCATION (OCTAL)
0, 4, 10, 14, 20, 24, EIC,
1, 5, 11, 185, 21, 25, ETC,
2, 6, 12, 16, 22, 26, ETC,
3, 7, 13, 17, 23, 27, ETC,

THIS ADDRESSING SEQUENCE (0, 4, 10 , o o 1, 5, 18 , .
2, 6, 12 ., 4 4 3, 74 13, , o) WOULD BE CONTINUOUSLY
REPEATED UNTIL THE PROCESSOR . '

CEASED GENERATING CONSECUTIVE ADDRESSES,

FIGURE 4 ILLUSTRATES 4~WAY INTERLEAVING BETWEEN FOUR 64K
STORAGE MODULES 00, 01, 02, AND 03, IN THAT ORDER, BEFORE
SWAPPING, THE MEMORY LOCATIONS ARE ADDRESSED 1IN ASCENDING
NUMERICAL ORDER, GOING FROM STORAGE MUDULE 00 TO STORAGE MODULE
03, UNTIL ALL 256K LOCATIONS ARE ADDRESSED, THUS THE FIRST 64K
CONSECUTIVE ADDRESSES START AT 000,000 (OCTAL) AND END AT
177,777 (OCTAL); THE NEXT 64K ADDRESSES START AT 200,000
(OCTAL) AND END AT 377,777 (OCTAL); AND SO FORTH,

WHEN BITS 18 AND 19 ARE SWAPPED WITH BITS 34 AND 35, THE END
RESULT I8 THAT EVERY FIFTH WORD (0, 4, 10, 14 , , .,) IN EACH
MODULE (I,E,, 0y 1, 2, 3) IS NOW ADDRESSED SEQUENTIALLY, UNTIL
16K WORDS ARE ADDRESSED IN EACH MODULE IN THE FIRST PASS,
ADDRESSING THEN LOOPS BACK TO THE BEGINNING OF EACH MODULE,
INCREMENTED BY ONE, AND THEN CONTINUES FOR ANOUTHER 16K WORDS,
THIS PROCESS CONTINUES TWO MORE TIMES UNTIL ALL 64K WORDS IN
EACH MODULE ARE ADDRESSED, THIS HAS ESSENTIALLY THE SAME
EFFECT AS TRANSFERRING EVERY FIFTH - WORD TO OR FROM STORAGE
MODULES 00 = 03 SIMULTANEOUSLY OVER THE FOUR KBUSES, '

‘THE NUMBER OF WORDS TO BE TRANSFERRED BETWEEN THE DMA AND THE
STORAGE MODULES 1IN A GIVEN MEMORY CYCLE DEPENDS ON THE NUMBER
OF WORD REQUEST LINES (SBUS RQO =3) ASSERTED, THESE LINES ALSO
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SPECIFY THE ORDER IN WHICH THE WORDS ARE RETRIEVED/WRITTEN,
FOR EXAMPLE, A MEMORY REFERENCE CAN BE ISSUED REQUIRING: THREE
WORDS AT ADDRESSES 00, 0! OR 03, IN THIS CASE, THE DMA
ADDRESSING LOGIC WILL ACCESS ADDRESSES 00, 01, SKIP 02, AND
IMMEDIATELY ACCESS ADDRESS 03, THUS, TIME IS NOT WASTED
REQUESTING AN ACCESS TO AN UNWANTED MEMORY ADDRESS,

7 Lmanxnc-nuuzs

THE SAME GUIDELINES. FOR THE KA AND KI MEMORY BUSES APPLY TO
EACH DMA20 KBUS, : '

8, ERROR DETECTION AND REPORTING

THE DMA20 PROVIDES THE CORE MEMORY SYSTEM WITH AN ERROR
DETECTION AND REPORTING CAPABILITY, ADDRESS PARITY, READ DATA
FARITY, AND WRITE DATA PARITY ARE ALL CHECKED IN THE DMA DURING
THE THREE CYCLE OPERATIONS, EACH TYPE OF PARITY ERROR SETS AN
APPROPRIATE FLAG IN THE DMA STATUS REGISTER, THE DMA ERROR

DETECTION LOGIC ALSO STORES THE ADDRESS OF THE FIRST ERROUR IN
THE DMA ERROR ADDRESS REGISTER UNTIL ALL ERROR BITS ARE
CLEARED, WHEN ANY DATA PARITY OR NXM ERROR IS DETECTED, A
CUMULATIVE ERROR SIGNAL (SBUS ERROR) IS SENT TO THE MBOX, WHEN
ANY ADDRESS PARITY ERROR 18 DETECTED, SBUS ADR PAR ERR IS SENT
TO THE MBOX,

IF AN ACKNOWLEDGE (ACK) IS8 RECEIVED FROM THE FIRS? STORAGE
MODULE, AND ANY SBSEQUENT REFERENCE IN THE CYCLE DOES NOT
RECEIVE AN ACK (I,E,, A STORAGE MODULE DID NOT RESPOND), THEN A
NON-EXISTENT MEMORY (NXM) FLAG IS8 SET 1IN THE DMA STATUS
REGISTER IN THE SAME WAY AS A PARITY ERROR, IF THE FIRST WORD
DUES NOT RECEIVE AN ACKNO&LEDGE, THE MBOX WILL GENERATE THE NXM
INSTEAD,

DURING A DIAGNOSTIC CYCLE, ALL COMMUNICATION  (INCLUDING
ADDRESSING) BETWEEN THE MBOX AND THE DMA IS PERFURMED QVER THE
SBUS DATA LINES, THE OVERALL DIAGNUSTIC CYCLE CONSISTS OF TWO
HALVES: TO DMA AND FROM DMA, GENERALLY, DURING THE TO DMA
PORTION OF THE CYCLE, DIAGNOSTIC CONDITIONS ARE S8ET;  DURING
THE FROM DMA PORTION, THOSE CONDITIONS ARE VERIFIED OR IN SOME
CASES ERROR CONDITIONS RETRIEVED,

THE DIAGNOSTIC CYCLE IS INITIATED AND SYNCED TO THE PHASE A
CLOCK WITH A COMPLETE CYCLE REQUIRING 500 NS, DURING THE FIRST
250 NS, THE MBOX SENDS OUT A DMA ADDRESS, FHNCTIUﬁ CODEs AND
INFORMATION SPECIFIED BY THE FUNCTION CODE, DURING THE SECOND
250 N8, THE DMA SENDS INFORMATION BACK TO THE MBOX, USING THE
DATA LINES AS' SPECIFIED BY THE FUNCTION CODE,. S

TWO FUNCTION CODES ARE DEFINED (FUNCTION 0 AND FUNCTION 1) AND
THEIR FORMATS ARE. DETAILED IN FIGURES S AND 6, RESPECTIVELY,
EITHER FUNCTION CODE 18 ENABLED IN THE DMA WHEN AN SBUS
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- DIAGNOSTIC SIGNAL IS SENT TO THE DMA FROM THE MBOX, THE

DIAGNOSTIC SIGNAL EFFECTIVELY ENABLES THE DMA DIAGNOSTIC
ADDRESS DECUDER DURING THE  FIRST HALF=CYCLE AND THE
TRANSMISSION FUNCTION FOR DATA RETRIEVAL DURING THE SECOND
HALF=CYCLE, THOSE BIT POSITIONS WHICH SET OR CLEAR CONDITIONS
IN THE FIRST HALF»CYCLE WILL CONTAIN THE NEW DATA WHEN
RETRIEVED DURING THE SECOND HALF=CYCLE,

8,1 FUNCTION 0 (TO DMA)

CONTROLLER ADDRESS, THIS FIELD SPECIFIES THE ADDRESS OF THE
CONTROLLER TO BE EXERCISED, IN THIS CASE, THE ADDRESS FIELD
WILL CONTAIN OCTAL 4, SPECIFYING THE DMA20,

CLEAR BIT, THIS 1«BIT FIELD I8 APPLIED TO THE ERROR LOGIC AND,
IF A 1, GENERATES THE CLEARING FUNCTION FOR THE FOQUR FLOPS IN
THE PARITY STATUS REGISTER,

SET INTERLEAVE MODE, THIS 2+BIT FIELD, APPLIED . TO THE ERROR
LOGIC, SETS THE DMA INTERLEAVE MODE AS DETERMINED BY THE CODE,
WITH A CODE OF 00, THE DMA I§& SET OFF LINE BY RESETTING BOTH
INTERLEAVE FLOPS, THE REMANING THREE CODES SET/RESET THE FLOPS
AS REQUIRED FOR THE SELECTED INTERLEAVE MODE, IN REQUEST MODE
1, THE SYSTEM IS SET UP FOR EITHER NON=INTERLEAVING, 2=WAY
INTERLEAVING, OR 4«WAY INTERLEAVING, 1IN REQUEST MODE 2, THE
SYSTEM IS SET UP ONLY FOR 2«WAY QR 4=WAY INTERLEAVING, IN
REQUEST MODE 4, THE SYSTEM IS SET UP ONLY FOR 4=WAY
INTERLEAVING,

LOAD ENABLE. IF A 1, TH1S BiT ENABLES GATING OF THE IH?ERLEAVE'
MODE FIELD TO THE INTERLEAVE FLOPS, IF THE BIT 1S A 0, BITS
AND 7 ARE IGNORES BY THE DMaA, '

FUNCTIOH CODE, THIS 5=BIT FIELD SPECIFIES THE FUNCTION CODE,
IN THIS CASE, OCTAL 00 = FUNCTION CQDE 0,..

8,2 FUNCTION 0 (FROM DMA)

ERROR REPORTING FLAGS, TH1IS 6=BIT FIELD RETURNS ERRUR’
INFURMATION FROM THE S8TATUS REGISTER IN THE ERROR LOGIC, THE
OQUTPUT OF THE STATUS REGISTER IS ENABLED TO THE SBUS DATA LINES
BY AN ERROR TRANSMIT FUNCTION (ERR XMIT) WHICH WAS GENERATED
DURING THE FIRST HALF=CYCLE,

REPORT INTERLEAVE MODE, THIS 2¢BIT FIELD IDENTIFIES THE
CURRENT DMA INTERLEAVE MODE, THE CONDITION OF THE ERROR LOGIC
INTERLEA?E FLOPS I8 ENABLED TO THE DATA LINESBY ERR XMIT,

ADDRESS INFORMATION, THIS 28=BIT FIELD RETURNS  ADDRESS
INFORMATION CONCERNING THE FIRST PARITY ERROR, THE OUTPUTS OF
THE APPROPRIATE FLOPS (RD RQ, WR RQq ETC,) AND THE: ERROR
ADDRESS REGISTER IN THE ERROR LOGIC ARE ENABLED TO THE SBUS
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DATA LINES SBY ERR XMIT,

8,3 FUNCTION 1 (TO DMA)

MEMORY CONTROLLER ADDRESS, THIS SeBIT FIELD SPECIFIES THE
ADDRESS OF THE CONTROLLER TO BE EXERCCISED BY THE DIAGNOSTIC
CYCLE, 1IN THIS CASE, THE ADDRESS FIELD WILL CONTAIN OCTAL 4,
SPEQIFYING THE DMa20,

LOOP=AROUND MODE, WHEN BIT 12 IS A 1, THE DMA IS CONDITIONED
FOR THE LOOP«AROQUND- MODE, THIS 'MODE CHECKS DATA TRANSFERS
BETWEEN THE MBOX AND A SELECTED DMA DATA BUFFER WITHOUT GOING
THROUGH CORE, IT 18 USED MAINLY DURING THE DIAGNOSTIC CYCLE
FUR ISOLATING SYSTEM FAILURES, DURING A LOUP«AROUND UPERATION,
A WRITE CYCLE FOLLOUWED BY A READ WILL RESULT IN THE WRITE DATA
BEING RETURNED ON THE READ CYCLE, THE DATA NEVER GETS SENT TO
CGRE‘ THE READ COMMAND CLEARS THE LOOP=AROUND MODE, FOR A

NOe«FAULT CONDITION, THE RETRIEVED DATA MUST BE IDENTICAL T0
THAT DEPOSITED DURING THE PREVIQUS WRITE CYCLE, ‘

FUNCTION CODE, THIS 5«BIT FIELD SPECIFIES THE FUNCTION CODE,
IN THIS CASE, OCTAL 01 = FUNCTION CODE 1,

8,4 FUNCTION 1 (FROM DMA)

NUMBER STURAGE MODULE/CONROLLER, THE DMA ALWAYS RETURNS ZEROES
IN THIS 8«BIT FIELD, '

INDICATE MEMORY TYPE, THIS 4»BIT FIELD INDICATES THE TYPE OF
MEMORY CONNECTED, IN THIS CASE, A BIT CONFIGURATION OF OCTAL
02 18 RETURNED, INQICATING A DMA20,

'LOOP=AROUND MODE, WHEN SBIT 12 IS A 1, THIS FIELD INDICATES
THAT THE DMA WAS CONDITIONED FOR A LOOP=AROUND OPERATION DURING
THE PREVIOUS HALF=CYCLE,

8,5 SINGLE»STEP MODE

THE DMA20 WILL OPERATE CORRECTLY WITH REDUCED OR SINGLE=STEP
CLQCKS AS CONTROLLED BY THE FRQCESSQR.
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9, APPENDIX A = LOOSE ENDS

THERE ARE NONE,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 3,4  PAGE 13
EXTERNAL MEMORY ADAPTER (DMA20) = REV 0 |
FIGURE 1

POSSIBLE CONNECTION OF MF10 STORAGE
MODULES TO DMA20
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FIGURE 2

CONNECTING PERIPHERAL DIRECTLY TO
‘ STORAGE MODULES
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FIGURE 3

BASIC MEMORY ADDRESSING FOR MF10
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FIGURE 4

SWAPPING FOR 4=WAY INTERLEAVING
OF MF10 MEMORIES
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FIGURE §
FUNCTION 0 FIELD FORMAT DESCRIPTIONS
DATA BIT POSITIONS===TO DMA
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Lo LR S

00=0FF LINE

01=REQUEST MODE 1

10=REQUEST MODE 2 :
11=REQUEST MODE 4 | +==ERROR REPORTING FLAGS

BITS 0,1=EXPANSION BIT 2 SET=NXM FLAG (DMA) BIT 3
SET=READ PARITY ERROR BIT 4 SET=WRITE PARITY ERROR BIT
5 SET=ADDRESS PARITY ERROR ‘ '
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FIGURE 6
FUNCTION 1 FIELD FURMAT DESCRIPTIONS
DATA BIT POSITIONS===TO DMA
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iT 18 NOT CURRENTLY POSSIBLE FOR THE MBOX TO - CORRECTLY
ASSOCIATE SBUS ERRORS DUE TO BAD DATA PARITY ON BOTH READ AND
WRITE WITH THE FUNCTIONAL COMPONENT (EBOX OR CHANNEL) WHICH
MADE THE REFERENCE, THIS MEANS THAT A TRANSFER ON A CHANNEL
COULD BE ABURTED AS A RESULT “OF AN ERRUR MADE BY AN EBOX
PROCESS OR VICE VERSA, THIS SITUATION EXISTS BECAUSE THE DMA20
(CURRENTLY THE ONLY SBUS DEVICE WHICH CHECKS. DATA PARITY ON
BOTH READS AND WRITES) CAN TAKE UP TO 500 NANO SECONDS BEYOND
COMPLETION OF A TRANSFER TO NOTIFY THE MBOX. OF AN SBUS ERROR
DUE TO BAD DATA PARITY, DURING THIS 500 NANO SECONDS, A MEMORY
REFERENCE. FOR ANOTHER FUNCTIONAL COMPONENT TO A DIFFERENT BANK =
OF CORE COULD BE INITIATED, THE MBOX MUST BE ABLE TO ASSOCIATE
THE ERROR WITH THE PROUPER FUNCTIONAL COMPONENT S0 THAT THE
HARDWARE CAN TERMINATE THAT PROCESS AND NOT SOME OTHER PROCESS,

TO ACCOMPLISH THIS THE FOLLOWING MODIFICATIONS OF THE SBUS ARE
PROPOSED: ‘ '

1, ADD AN SBUS SIGNAL CALLED "SBUS REQ ODD L" GOING FROM
MBOX TO MEMORY, | | ‘

2. ADD AN SBUS SIGNAL CALLED "SBUS ERROR B L" TO THE SBUS
AND RENAME "SBUS ERROR L" TO "SBUS ERROR A L",

THESE NEW SIGNALS WILL BE USED IN THE FOLLOWING MANNER,

THE MBOX WILL MAINTAIN TWO NEW FLIP=FLOPS NAMED PREVIOUS
CHANNEL (PREV CHAN) AND REQUEST ODD (REQ 0DD)e PREVIOUS
CHANNEL WILL BE TRUE WHENEVER THE PREVIOUS MEMORY REFERENCE WAS
CAUSED BY A CHANMEL, REQUEST O©DD WILL TOGGLE EACH TIME A
MEMORY REQUEST IS MADE AND WILL BE SENT TO ‘MEMORY ALONG WITH
THE CURRENT REQUEST,  THIS WILL ALLOW THE CURRENT MEMORY
REQUEST TO BE DECLARED EVEN OR UDD 8O THAT ALTERNATE MEMORY
REQUESTS CAN BE DISTINGUISHED, ' ‘

THE MEMORY THAT RECOGNIZES THE REQUEST STORES REQ 0OpD, IF THAT
MEMORY DETECTS AN ERROR DURING A TRANSFER, THEN IT NOTIFIES THE
PROCESSOR THAT THE ERROR OCCURRED VIA "SBUS ERROR A" AND "SBUS
ERROR B", THESE SIGNAL LINES ARE ENCODED AS FOLLOWS, -

SBUS ERROR MEANING

A B
0 0 NO ERROR

0 1 NON ASSOCIATABLE ERROR

1 0 ERROR OW AN EVEN REQUEST
1 B ERROR ON AN ODD REQUEST

A "NON ASSOCIATABLE ERROR" IS AN SBUS ERROR THAT THE MBUOX WILL
NOT BE ABLE TO ASSOCIATE WITH ANY PARTICULAR MEM(ORY TRANSFER
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BECAUSE IT TDOK TOO LONG TO DETECT THE ERROR, THE ONLY ERROR
THAT FALLS INTO THIS CLASS 1S THE 8 MICROSECOND INCOMPLETE
CYCLE TIMEOUT ERROR WHICH THE MA20 DETECTS, IF THIS ERROR
CONDITION I8 DETECTED, THE MBOX WILL SET THE APR SBUS ERROR
FLAG IN THE EBOX, THE CHANNELS WILL NOT BE NOTIFIED OF THE
OCCURRENCE OF THIS ERROR, THE OCCURRENCE OF THIS ERROR
INDICATES A SERIOUS HARDHARE MALFUNCTION,

ON EVEN AND ODD REQUEST SBUS ERRORS, THE MBOX WILL SET THE SBUS
APR  FLAG IN THE EBOX, LOOK AT THE CURRENT STATE "REQUEST ODDO®
FLIP=FLOP MBOX AND DECIDE WHETHER THE ERROUR 18 ASSOCIATED WITH
THE CURRENT OR PREVIOUS MEMORY TRANSFER, AND SEND AN ERROR
NOTIFICATION TO EITHER THE EBOX OR THE CHANNELS S0 THAT THE.
APPROPRIATE TRANSFER CAN BE RETRIED OR ABORTED,

TO MAKE THIS ALL WORK CERTAIN TIMING CONSTRAINTS MUST BE PLACED
ON THE MEMORIES, THEY ARE:

1, ONE WORD CORE READS MUST TAKE 2 375 NANU SECONDS FROM
THE TIME "SBUS START" IS SENT FROM THE PROCESSOR UNTIL
THE DATA ARRIVES AT THE PROCESSOR,

2, SBUS ERROR MUST ARRIVE AT THE MBOX £ 500 NANO SECUNDS
AFTER THE LAST SBUS ACKN ON WRITES IF THE PROCESSOR I8
TO BE ABLE TO ASSOCIATE THE ERROUR WITH THE PROCESS THAT
CAUSED THE kRRDR.

3, SBUS ERROR MUST ARRIVE AT THE MBOX £ 500 NANO SECONDS.
AFTER THE LAST WORD OF DATA ON READS IF THE PROCESSOR
18 TO BE ABLE TO ASSOCIATE TNE ERROR WITH THE PROCESS
THAT CAUSED THE ERROR,

4, ANY ERROURS THAT WILL TAKE LOUNGER THAN 2, OR '3, FALL
INTO THE "NON ASSOCIATABLE ERROR" CLASS, '

LEND OF SBUSDP,SPC)
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1, INTRORUCTION

-THE SBUS DIAGNOSTIC CYCLE IS USED FOR COMMUNICATION BETWEEN
THE MBOX AND THE INTERNAL MEMORY CONTROLLERS, AS THERE ARE
NO SWITCHES ASSOCIATED WITH THE INTERNAL MEMORY CONTROLLERS,
THINGS SBUCH AS ADDRESS BOUNDARIES, INTERLEAVE MODE, MARGINS,
ERROR REPORTING: ETCass ARE CONTROLLED USING THE PpPIAGNOSTIC
CYCLE,

THE ORGANIZATION OF THE SBUS FOR EACH CABINET, THERE ARE A
‘MAXIMUM OF TWO MEMORY CONTROLLERS PER CABINET AND EACH
CONTRULLER MAY HAVE 2 TO 4 STORAGE MODULES, STORAGE MODULES
ARE. EITHER 16K X 37 OR 32K X 37 (MA20-E OR MB20~E), IT IS
NOT ALLOWED TO MIX MA20 & MB20 STORAGE MODULES ON THE SAME
CONTROLLER,  EACH MEMORY CONTROLLER HAS A UNIQUE HARD WIRED
ADDRESS, SHOWN IN FIGURE 1, FOR DIAGNOSTIC CYCLE, ‘

A DIAGNOSTIC CYCLE IS EXECUTED BY THE MBOX ASSERTING THE
SBUS DIAG, SIGNAL AND USEING THE 36 SBUS DATA LINES FOR
TRANSFERRING INFORMATION, .

THERE WILL BE A PDP=10 MACRO INSTRUCTION WHICH TAKES A 36
BIT INPUT ARGUMENT AND RETURNS A 36 BIT OUTPUT ARGUMENT,
THE MICROCODE FPOR THIS INSTRUCTION PUTS THE 36 BIT INPUT
ARGUMENT IN THE AR AND TELLS THE MBOX TO EXECUTE AN SBUS
DIAGNOSTIC CYCLE, WHEN THE MBOX TURNS ON ITS MBOX RESPONSE
SIGNAL THE MICROCODE CLOCKS THE CONTENTS OF THE CACHE DATA
LINES INTO THE AR AND RETURNS IT AS THE OUTPUT ARGUMENT,

A TIMING DIAGRM FOR A DIAGNOSTIC CYCLE IS SHOWN IN FIGURE 2,
DIAGNOSTIC CYCLE ALWAYS STARTS ON THE CLOCK DERIVED FROM
PHASE A OF THE SBUS CLOCK AND TAKES 4 PHASE A CLOCK
INTERVALS WHICH I8 NORMALLY $00NS, THE DIAGNOSTIC CYCLE IS
DIVIDED INTU TWO EQUAL PARTS: IN THE FIRST 250NS THE MBOX
SENDS OQUT A CONTROLLER ADDRESS IN BITS 0 = 4, A FUNCTION
FIELD IN BITS 31 + 35, AND INFORMATION 1IN BITS 5 = 30
SPECIFIED BY THE FUNCTION CODE; IN THE LAST 250NS THE
MEMORY CONTROLLER SENDS INFORMATION BACK TO 'THE MBOX USING
BITS 00 = 35 AS DEFINED BY THE FUNCTION CODE, THE SELECTED
MEMORY CONTROLLER CLOCKS THE SBUS DATA LINES ON THE 3RD
PHASE A CLOCK AND THE MBOX CLOCKS THE SBUS LINES ON THE S7TH
PHASE A CLOCK OF A DIAGNOTIC CYCLE AS SHOWN [N FIGURE 2,

TWO FUNCTION CODES, O & 1, HAVE BEEN DEFINED AND ARE
DESCRIBED IN THE FOLLOWING PAGES, EACH FUNCTION CODE 1S
DEFINED IN TERMS OF THE INFORMATION SENT BY THE MBOX IN THE
FIRST HALF CALLED "TO MEMORY" AND THE INFORMATION SENT BY
THE MEMORY CONTROLLER IN THE IND HALF CALLED "FROM MEMORY",
UNLESS NOTED OTHERWISE THE MA20, MB20 AND DMA20 [MPLEMENT
ALL THE FEATURES LISTED UNDER FUNCTION 0O AND 1. ALSO, BITS
SET OR CLEARED IN THE FIRST HALF OF A DIAGNOSTIC CYCLE WHEN
READ OUT IN THE 2ND HALF OF THE SAME DIAGNOSTIC: CYCLE WILL
CONTAIN THE NEW DATA, AS THE SUBJECT OF INTERLEAVING IS
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SOMEWHAT COMPLEX THERE 18 A SEPARATE SECTION DEVOTED T0 IT,

2, FUNCTION O
2,1 TO MEMORY
BITS 0 ~ 4

MEMORY CONTROLLER ADDRESS

ADDRESSES 0 = 3 ARE ASIGNED TO THE INTERNAL MEMORY
CONTROLLERS AS SHOWN IN FIGURE 1, ADDRESS 4 IS ASSIGNED TO
THE DMA20 AND ADDRESSES 5 = 37 ARE RESERVED FOR EXPANSION,

BIT 5

BITS 8 = 11

CLEAR BITS 0 = 5,

THIS CAUSES THE FLIP FLOPS LISTED IN
BITS 0 = 5 OF FUNCTION 0 = PROM
MEMORY TO BE CLEARED,

SET INTERLEAVE MODE,

0 = SET CONTROLLER TO OFF LINE
STATE: DMA20 ONLY,

1 = NO INTERLEAVE (1 WORD/MEMORY

CYCLE) 2 = 2 WAY INTERLEAVE (1 = 2

WORDS/MEMORY CYCLE) 3 = 4  WwAY

IRTERLEAVE (1. - 4 WORDS/MEMURY

CYCLE) ‘

INTERLEAVE MODE BASICALLY CONTROLS
THE NUMBER OF SIMULTANEOUS MEMORY
CYCLES THAT MAY TAKE PLACE AS
INDICATED ABOVE,

SBUS RQQ = RQ3 ENABLE

8 = SBUS RQ0O ENABLE
9 = SBUS RQ1 ENABLE

10 = SBUS RQ2 ENABLE
11 . SBUS RQ3 EANBLE

IT 15 THE PROGRAMMERS R&S?DNSI&I&ITY

TO  LOAD BITS 8 = 11 Cﬁﬂ&lSTEﬁT WITH

BITS & AND 7,

BITS § = 11 ARE USED IN CONJUCTION
WITH THE INTERLEAVE MODE AS FOLLOWS:

IF A CONTROLLER IS SET IN INTERLEAVE
1 MODE THEN RGO THRU RQ@3 SHOULD ALL

BE ENABLED IN THE CONTROLLER; IF A

CONTROLLER 1S SET TO INTERLEAVE 2 OR

'3 MODE THEN RQO & RQ2 SHOULD BE

ENABLED IN THE EVEN CONTROLLER AND
RQ1 & RQ3 ENABLED IN THE  ODD
CONTROLLER,
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ONE POSSIBLE WAY OF MAKING AN
INTERNAL CONTROLLER APPEAR TU BE OFF
LINE 1T TO NOT ENABLE ANY OF THE
SBUS RQ = RG3 ENABLES, ’

BITS 8 = 11 ARE IGNORED BY THE
DMA20, ‘

BIT 12 : THIS BIT MUST BE A "ONE" TO ENABLE
LOADING OF BITS 6 = i1, QTHERWISE
BITS 6 = 11 ARE IGNORED,

BITS 13 = 30 RECERVED FOR FUTRE USE BY HAREWARE,

BITS 31 =» 35 FUNCTION CODE 00 FOR FUNCTION O, 8
FUNCTION 02 = 37 ARE RESERVED FOR
FUTURE USE HARDWARE, 8 '

MA20 AND . MB20 CONTRULLERS ONLY
DECODE BIT 35 OF THIS FIELD,

2,2 FROM MEMORY'
BITS 0 = . § - 0 = 1 FUTURE ‘
- 2 INCOMPLETE CYCLE
3 READ PAR ERR '
4 WRITE PAR ERR
5 ADR PAR ERR
THESE ARE ERROR REPURTING FLAGS IN THE MEMORY CONTROLLERS,
WHICH ARE CLEARED WHEN BIT § 1S ON A "ONE" IN THE 1ST HALF
OF. FUNCTION 0, THE DMA20 DOES NOT IMPLEMENT THE INCOMPLETE
CYCLE BIT AND THE MA20 AND MB20 CONTROLLERS DU NOT IMPLEMENT
THE READ OR WRITE PAR ERROR BITS,

BITS 6 = 7 THESE BITS REPORT THE INTERLEAVE MODE OF THE
CONTROLLER WITH THE 0 COMBINATION USED TO INDICATE AN OFF
LINE OR NON EXISTENT MEMORY CONTROLER, |

BiTs 8 » 35 THESE BITS CONTAIN THE ADDRESS INFORMATION OF
THE MOST RECENT CYCLE OR OF THE 18T PARITY EKROR, BITS 8 =
11 CONTAIN THE SBUS RQO = RQ3, BITS 12 AND 13 THE RD AND WR
RQ AND BITS 14 = 35 THE SBUS ADR BITS, THIS FEATURE IS NOT

IMPLEMENTED IN THE MA20 OR MB20,

3. FUNCTION t
3,1 TO MEMORY

BITS 0 = 4 MEMORY CONTROLLER ADDRESS (SEE
FUNCTION 0)

BITS 5 = 114 EXPANDSION
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BIT 12 LOOP AROUND MODE, LOOP AROUND MODE
I8 A DIAGNOSTIC FEATURE USED FOR
CHECKING DATA TRANSFERS BETWEEN THE
MBOX AND THE MEMORY DATA REGISTER IN
EACH MEMORY STORAGE MODULE WITHOUT
GOING THRU THE CORES, A LOOP AROUND
CYCLE CONSISTS OF THE FOLLOWING
STEPSY

1, SET LOOP AROUND MODE USING
FUNCTION 1 DIAGNOSTIC CYCLE,

2, DO AN ORDINARY WRITE CYCLE
TO ANY WORD IN THE SUBJECT
CONTROLLER,

3, DO AN ORDINARY READ CYCKE TO
THE SAME WORD IN THE SAME
CONTROLLER IN (2),

LOOP AROUND MODE 1s
AUTOUMATICALLY CLEARED BY THE
HARDWARE AFTER  STIP (3
ABOVE, '

BIT 13 FUTURE
BITS 14 = 21  MEMORY CONTROLLER ADDRESS BOUNDARIES

THESE BITS ARE USED TQ SET UP PART OF THE ADDRESS BOUNDARY
FOR EACH MEMORY CONTROLLER, BITS 14 = 17 CORRESPOND TO SBUS
ADR 14 = 17 AND ARE SET UP THE SAME WAY AS ADDRESS SWITCHES
ON  CURRENT MEMORIES, A MATCH BETWEEN BITS 14 = 17 AND BITS
14 » 17 OF THE SBUS ADDRESS LINES IS ONE OF THE CONDITIONS
NECESSARY TO START A MEMORY CYCLE, NOT IMPLEMENTED IN
DMA20,

BITS 18 = 21 CORRESPOND TO SBUS ADR 18 = 21 AND DETERMINE
THE LOWER ADDRESS BOUNDARY FOR THESE BITS, MA20 CONTROLLER
USE BITS 18 = 21 SINCE THE STORAGE MODULES ARE 16K WORDS
WHEREAS MB20 CONTROLLERS IGNORE BIT 21 SINCE THE STORAGE
MODULE SIZE IS 32K WORDS, BITS 18 = 2L ARE SET UP TO
ADDRESS = THE LOWEST ADDRESS STORAGE MODULE WITHIN A MEMORY
CONTROLLER CONSTRAINED BY THE HARD WIRED BITS SHOWN IN
FIGURES 3 AND 4, A SECOND CONDITION FOR STARTING A MEMORY
CYCLE IS THAT SBUS ADDRESS BITS 18 = 21 ARE . THE LOWER
BOUNDARY REGISTER, |

NOT IMPLEMENTED IN DMA20,
BITS 22 = 25  MEMORY CONTROLLER ADDRESS BOUNDARY

THESE BITS IN CONJUNCTION WITH 14 = 21 DEFINE THE ADDRESS
BOUNDARIES FOR EACH MEMORY CONTROLLER, BITS 22 = 25
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CORRESPOND TO SBUS ADR 18 = 21 AND DETERMINE THE UPPER
ADDRESS BOUNDARY FOR THESE BITS, AS ABOVE, THE MA20 USES
BITS 22 = 25 AND THE MB20 IGNORES BIT 25, BITS 22 = 25  ARE
SET TO ADDRESS THE HIGHEST ADDRESS STURAGE MODULE WITHIN A
MEMORY CONTROLLER CONSTRAINED BY THE HARD WIRED BITS SHOWN
IN FIGURES 3 AND 4, A THIRD CONDITION FOR STARTING A MEMORY
CYCLE IS THAT SBUS ADR BITS 18 ‘= 21 ARE ., THE UPPER BOUNDARY
REGISTER,

NOT IMPLEMENTED IN DMA20,

THEREFORE IN ORDER TO START A MEMORY CYCLE IN AN INTERNAL
MEMORY, IT 1S NECESSARY TO MEET THE THREE CONDITIONS
SPECIFIED ABOVE AND IN ADDITION SBUS RQN MUST MATCH SBUS RGN
ENABLE SET UP IN BITS ‘8 = 11 OF FUNCTION O=TO MEMORY,
ANOTHER WAY OF MAKING A MEMORY CONTROLLER APPEAR TO BE OFF
LINE 1S TO SET THE UPPER BUUNDARY REGISTER TO LOWER VALUE
THAN THE LOWER BOUNDARY REGISTER OR VICE VERSA,

BIT 26 THIS BIT MUST BE A "ONE" TO ENABLE LOADING OF BITS 14
- 25; OTHEREWISE BITS 14 = 25 ARE IGNORED, NOT IMPLEMENTED

BITS 27 = 30 TURN ON THE MARGIN AS SPECIFIED

BELOW,
27 28 29 30
0 0 0 0 NO: OP
0 0 0 1 CLEAR ALL MARGIN
0 0 1 X CURRENT MARGIN
0 1 0 X.  STROBE MARGIN
1 0 0 X THRESHOLD MARGIN

THE "X" IN BIT 30 PUSITION ABOVE MEANS THAT BIT 30 SELECTS
LOW MARGIN WHEN "ZERO" AND HIGH MARGIN WHEN A "ONE", ONLY
ONE MARGIN AT A TIME MAY BE TURNED ON, NOT IMPLEMENTED: 1IN
bMa2o0, ‘ -

BITS 31 = 35 FUNCTION CODE = 01 FOR FUNCTION 1,

8
FUNCTION 02 = 37 ARE RESERVED FOR
FUTURE 8
EXPANSION, MA20 AND MB20

CQETRGLLERﬁ ONLY DECODE BIT 35 OF
THIS FIELD,

3,2 FROM MEMORY

BITS 0 = 7 THESE BITS INDICATE THE NUMBER OF
STORAGE MODULES PER CONTROLLER,
EACH BIT ON A "ONE"™ INDICATES THE
'PRESENCE OF A STURAGE MODULE, IF
ALL BITS ARE 0O MEANS DON'T KNOW
SIZE., DMA20 SENDS BACK 0,



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC CHAP 3,7
SBUS DIAGNOSTIC CYCLE

BITS € = 11

BIT 12
NOTES

BIT 13
BIT 14 = 21
BITS 22 = 25

BITS 26 = 29
BIT 30
CBIT 31
BITS 32 = 35

PAGE 7

MA20 & MB20 INDICATES STORAGE
mQDuLES AS FOLLOWS,
01234567
0000000 1 SMO
0000001 0 8SML
00000100 SM2
00001 00 0 SM3
MEMORY TYPE
0 % CUSTOMER
1= MA20
2 = DMA20
3 = MB20
4 = 17 EXPANSION
8

LOOP AROUND SET
THE FOLLOWING BITS (13 = 35) ARE NOT

‘IM?LEMKNTED IN DMA20,

RESERVED FOR FUTURE

ADDRESS BOUNDARY SET UP IN 1ST HALF
OF FINCTION 1 '

ADDRESS BOUNDARY SET UP IN 18T HALF

. OF FUNCTION 1
'ﬁXPANEIBN

MARGINS. SELECTED
EXPANSION
INDICATES WHICH WORD RQS ARE ENABLED

32 ~ SBUS RQO ENABLE
33 = SBUS RQ1 ENABLE
34 = SBUS RG2 ENABLE
35 = SBUS RQ3 ENABLE

4, INTERLEAVING

INTERLEAVING FOR CURRENT EXTERNAL MEMORIES ON THE KL10 IS
HANDLED EXACTLY THE SAME WAY IT IS FOR KA/KI MEMORIES, THAT
15, THRU TRE 2 INTERLEAVE SWITCHES ON THE PORT ADDRESS
SWITCH PANEL, WHICH INTERCHANGE MA BITS 34 AND 35 WITH THE
WO LOW ORDER UNIT SELECT BITS,

DMA20 IN INTERLEAVE 1 MODE: ADDRESS & INTERLEAVE SWITCHES
MAY BE: SET IN ANY CONFIGURATION,

ALL MEMORIES MUST BE SET FOR 2#WAY OR
ALL ‘MEMORIES ON KBUSQ AND KBUS2 MUST BE
ALL MEMORIES ON KBUS)

INTERLEAVE 2 MODE;
4=WAY INTERLEAVING;
SET TO RESPOND TO EVEN, ADDRESSES;
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AND KBUS3 MUST RESPOND TO ODD ADDRESSES,

INTERLEAVE 3 MODE: ALL MEMORIES MUST BE SET FOR 4=WAY
INTERLEAVING; ALL MEMORIES ON KBUSN MUST RESPOND TO ADR 34,
35 s N, .

SELECTION OF ONE OF THE THREE INTERLEAVING MDDES FOR
INTERNAL MEMORY IS DONE THRU THE DIAGNOSTIC CYCLE AS
PREVIOUSLY DESCRIBED, THE STORAGE MODULES, ASSOCIATED WITH
EACH MEMORY CONTROLLER, ARE ASSIGNED TO A FIXED PORTION OF
- THE CONTROLLER ADDRESS SPACE WHICH IS DEPENDENT ON THE
INTERLEAVE MODE, AS SHOWN IN FIGURE 3 FOR MA20 AND FIGURE 4
FOR MB20, A MEMORY COUNTRULLER CAN OCCUPY THOSE REGIONS OF
THE ADDRESS. SPACE SASSIGNED BY BITS 14 = 25 OF FUNCTION 1,

THE STORAGE MODULES OCCUPY CONTIGUOUS 16K BLOCKS WITHIN A
CONTROLLER'S ADDRESS SPACE, |

IN INTERLEAVE 2 MODE, STORAGE MODULES 0 = 3 ARE DECODED BY
ADDRESS BITS 19 & 20 WHILE THE DISTINCTION BETWEEN EVEN AND
ODD CONTROLLER IS MADE BY SBUS RQO OR R@2 AND SBUS RQ] OR
RQ3 RESPECTIVELY, THEREFORE, IN INTERLEAVE 2 MODE IT IS
NECESSARY TO HAVE STORAGE MODULES IN EACH CONTROLLER THAT
DECODE BITS 19 & 20 THE SAME, IN THIS MODE, A CONTROULLER
MAY CYCLE ONLY ONE STORAGE MODULE/MEMORY CYCLE HOWEVER 2
CONTROLLERS MAY CYCLE IN PARALLEL WITH A RESULTANT UF TWO
WORDS/ MEMORY CYCLE, '

IN INTERLEAVE 3 MQDE, THE STORAGE MODULE DECODING IS DONE BY
SBUS ADR BIT 19 & SBUS RQ N AS SHOWN, THIS MODE REQUIRES
THAT EACH CONTROLLER HAVE THE SAME NUMBER OF STORAGE MODULES
WHICH MAY BEj  SMO AND SM1, OR SM2 AND SM3, OR SMO = SM3,
IN THIS MODE, A CONTROLLER MAY CYCLE i OR 2 STORAGE MODULES
IN PARALLEL AND TWO CONTROLLERS MAY CYCLE IN PARALLEL WITH A
RESULTANT OF 4 WORDS/MEMORY CYCLE, "

A METHOD FOR MAKING A STORAGE MUDULE APPEAR TO BE OFF LINE
I8 THE FOLLOWING: SET THE LOWER ADDRESS BOUNDARY REGISTER
TO MATCH THE ADDRESS OF THE NEXT STORAGE MDULE AND SET THE
UPPER ADDRESS BOUNDARY REGISTER TO MATCH THE ADDRESS OF THE
HIGHEST ADDRESS STORAGE MODULE, FOR EXAMPLE, REFER TO
FIGURE 3 AND ASSUME THAT IT IS DESIRED TO MAKE SM1 APPEAR TO
BE OFF LINE: THEN ASSUMING WE ARE WORKING IN THE LOWEST
REGION OF THE ADDRESS SPACE, THE LOWER ADDRESS BOUNDARY
REGISTER WOULD BE SET TO 0010 AND THE UPPER ADDRESS BOUNDARY
REGISTER TO 0100, USING THIS SCHEME ANY NUMBER OF
CONTIGUOUS STORAGE MODULES MAY BE DESELECTED IN INTERLEAVE 1
MODE; IN INTERLEAVE 2 MODE IT IS POSSIBLE TO DESELECT ANY
NUMBER OF PAIRED CONTIGUOUS STORAGE MODULES 1IN A PAIR OF
INTERLEAVED MEMORY CONTROLLERS (FOR EXAMPLE, SM2 IN MA20
CONTROLLERS 0 & 1); IN INTERLEAVE 3 MODE IT IS POSSIBLE
ONLY TO DESELECT ONE OR BOTH OF THE GROUPS OF 4 WAY

INTERLEAVED STORAGE MUDULE IN A PAIR OF INTERLEAVED MEMORY
CONTROLLERS (FOR EXAMPLE, SMO AND SM1 IN CONTROLLER 0O AND 1



\ 1080,2040,2060 ENGINEERING FUNCTIONAL SPEC CHAP 3,7 PAGE 9
SBUS DIAGNOSTIC CYCLE

OR SM2 AND SM3 IN CONTROLLERS 0 AND 1 OR SMO = SM3 1IN
CONTROLLERS 0 AND 1), IT IS8 ALSO POSSIBLE TO DESELECT A
STORAGE MODULE BY INTRODUCING A HOLE(S) INTO THE PAGE
TABLES, "

LEND OF CH3807,8PC]
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1, GENERAL

THE MASSBUS CONTROLLER (RH20) IS AN INTERFACE BETWEEN THE KL10
EBUS, CBUS AND UP TO 8 DEVICES PROVIDED THAT EACH DEVICE (DRUM,
DISK, MAGTAPE, ETC,) MEET THE "MASSBUS INTERFACE STANDARD",
THE CONTROLLER WILL HAVE SUFFICIENT HARDWARE FEATURES 10
INTERFACE TU SINGLE=PORTED DRIVES AS WELL AS DUAL=PORTED DRIVES
AND WILL ALLOW TIMESHARED SWAPPING AND PAGING SOFTWARE 10
QPERATE THE SYSTEM EFFICIENTLY WITH MINIMUM LATENCY, UP TO
ELIGHT CONTROLLERS CAN BE CONNECTED TO A KL10 SYSTEM AND ONE OR
MORE CONTROLLERS CAN OPERATE  (READING, WRITING, ETC,)
SIMULTANEOUSLY, ONLY ONE DEVICE PER CONTROLLER CAN TRANSFER
DATA AT ANY ONE TIME BUT NON=DATA TRANSFER COMMANDS (SEEK,
REWIND, ETC,) CAN OVERLAP AND CAN BE ISSUED TO ANY DRIVE AT ANY
TIME AND CAN INTERRUPT ON COMPLETION EVEN DURING A TRANSFER,
FURTHERMORE THE SOFTWARE CAN KEEP ONE COMMAND AHEAD SO THAT
ADJACENT SECTURS CAN BE ACCESSED WITH NO LATENCY EVEN THOUGH
SWITCHING TRACKS OR DIRECTION OF TRANSFER,

EACH MASSBUS CONTROLLER IS CONNECTED TO THE MEMORY SYSTEM WITH
ITS OWN BUILT=IN CHANNEL, THE CHANNEL PROVIDES SCATTER=GATHER
CAPABILITY IN MEMORY AND READ BACKWARDS (FOR MAGNETIC TAPE),
THE CHANNELS PASS PARITY TO AND FROM THE 18 BIT + PARITY
MASSBUS AND THE 36 BIT + PARITY MEMORY, PARITY IS CHECKED ON
BOTH SIDES OF THE CHANNEL, | |

FEATURES WILL BE INCLUDED TO ALLOW PROGRAM DIAGNOSIS OF THE
CONTROLLER = WITH OR WITHOUT ANY DEVICE ATTACHED TO THE
CONTROLLER, NEITHER INDICATORS NOR OFF<LINE TEST MODE WILL BE
PROVIDED, o

FROM THE PROGRAMMER'S PQINT OF VIEW THERE ARE TWO SETS OF
PROGRAMMABLE REGISTERS PROVIDED BY THE RH20, INTERNAL AND
EXTERNAL, INTERNAL REGISTERS ARE CONTROLLER REGISTERS AND
CONTAIN INFORMATION ASSOCIATED WITH THE CURRENT OR NEXT
TRANSFER OR WITH INFORMATION FOR ALL OF THE DRIVES, THE.
EXTERNAL REGISTERS ARE DRIVE REGISTERS AND CONTAIN INFORMATION
ASSOCIATED WITH A PARTICULAR DRLIVE, THE PROGRAM MUST SPECIFY

WHICH DRIVE IT IS8 INTERESTED IN BEFORE REFERRING TO AN EXTERNAL:
REGISTER, THUS THE RH20 PROVIDES A WINDOW TO THE EXTERNAL
REGISTERS IMPLEMENTED IN THE DRIVE, ' ' o

F1G, 1 SHOWS THE KL10 MASS STURAGE SYSTEM BLOCK DIAGRAM,

TWO RH20S CAN BE ATTACHED TO THE SAME MASSBUS, ALTHOUGH ONLY
ONE CAN BE ENABLED AT A TIME, THE SOFTWARE CAN DYNAMICALLY
DISABLE ONE AND ENABLE THE OTHER TO PROVIDE FOR A FAILSOFT
RECOVERY FROM A FAILING CONTROLLER  IN A SINGLE 0OR
MULTI=PROCESSING SYSTEM, ‘ ’

2, REFERENCE
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1, "MASSBUS INTERFACE STANDARD" AS REVISED

2, "DISK, DRUM, AND MAGTAPE 1I/0 ON THE KL10" (PAUL
GUGLIELMI, NOVEMBER 2, 1972) AS REVISED

3, P"EBUS SPECIFICATION" (VIC KU, APRIL 17, 1973) As
REVISED

4. "CBUS FUNCTIONAL SPECIFICATION"™ (VIC KU, APRIL 25,
1973) AS REVISED '

S, "ADVANTAGES OF A SECONDARY INSTRUCTION REGISTER IN THE
KL10 MASSBUS CONTROLLER® (TOM HASTINGS, NOVEMBER 16,
1972) el ebi .
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3, CONTROLLER AND DEVIC£ SPECIFICATIONS

PORTIONS OF THE FOLLOWING PARAGRAPHS ARE EXTRACTED FROM MEMOS
LISTED IN 2,0,

3,1 DEVICE CODE

EACH CONTROLLER IS ASSIGNED ONE UNIQUE DEVICE CODE, A TOTAL. OF
EIGHT DEVICE CODES HAVE BEEN ASSIGNED. SINCE UP TO ELGHT
CONTROLLERS CAN EXIST IN A KL10 SYSTEM, THE DEVICE CODE
ASSIGNMENTS ARE1

CONTROLLER DEVICE SYMBOL CONTROLLER'S  EPT
CODE PHYSICAL LOCATION
| NUMBER /
1ST 540 MBCO 0 0
2ND - 544 MBC1 1 4
3RD 550 MBC2 2 10
4TH 554 MBC3 3 14
5TH 560 MBC4 4 20
6TH 564 MBCS 5 24
7TH 570 MBC6 6 30

3Tﬁ 574 MBC7 7 34
3,2 PHYSICAL CONTROLLER NUMBER

EACH CONTROLLER IS ASSIGNED A PHYSICAL NUMBER ACCORDING TO THE
PHYSICAL SLOTS INTO WHICH THE CONTROLLER MODULES' RESIDE, BOTH
THE DEVICE CODE AND THE PHYSICAL NUMBER OF THE CONTROLLER WILL
BE HARD WIRED ON THE KLIO BACK PANEL,

THE PHYSICAL ﬂu%BER GF A CONTROLLER IS USED BY THE EBUX TO
IDENTIFY THE SOURCE OF PRIORITY INTERRUPTS, '

3.3 COMMAND REGISTER

EACH CONTROLLER WILL HAVE TWO COMMAND REGISTERS. (PRIMARY AND
SECONDARY), A COMMAND IN THE PRIMARY COMMAND REGISTER SHALL BE
EXECUTED IMMEDIATELY PROVIDED NO TRANSFER ERROR CONDITION
(DEFINED IN 6,3) IS DETECTED IN THE CONTROLLER, THE SECONDARY
COMMAND REGISTER SERVES AS A COMMAND LOOKAHEAD,

THE COMMAND IN THE SECONDARY COMMAND REGISTER WILL BE EXECUTED
A5 SOON AS THE COMMAND 1IN THE PRIMARY COMMAND REGISTER 18
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TERMXMATED AND NO TRANSFER ERROR IS DETECTED IN THE CONTRDLLER,
CAUTION;  ONLY READ/ WRITE COMMANDS SHALL BE LOADED INTO THE
COMMAND REGISTERS, THE PRUGRAMMER SHALL LOAD NON READ/WRITE
(SEEK  REWIND ETC )} COMMAND DIRECTLY INTO THE DRIVE'S "CONTROL
REGISTER", THE ﬁECGNDARY COMMAND REGISTER ALLOWS THE SOFTWARE
To $?BCIFY THE NEXT COMMAND TO BE DUNE BEFORE THE CONTROLLER
HAS FINISHED THE CURRENT ONE, THIS MEANS THAT THE CONTROLLER
CAN START THE NEXT COMMAND IMMEDIATELY AFTER THE CURRENT
COMMAND IS DONE INSTEAD OF WAITING FDR A SOFTWARE INTERRUPT
ROUTINE 7TO0 SUPPLY THE NEXT COMMAND, SUCH A WAIT. WOULD CAUSE
THE NEXT SECTOR TO BE MISSED, WITHOUT THIS, THE SOFIWARE: CAN
ONLY TRANSFER EVERY OTHER BLGCK OR PAGE FOR DIFFERﬁNT USERS,

3,4 INTERRUPT
THE CONTROLLER WILL INTERRUPT THE PROCESSOR IMMEDIATELY WHEN3

1, A R/W COMMAND IS TERMINATED (WITH OR WITHOUT TRANSFER
" ERROR)

‘2, AN "ATTENTION" SIGNAL (CAUSED BY SEEK COUMPLETE, ETC,)
IS DETECTED ON THE MASSBUS BY THE CONTROLLER PROVIDED
THAT "ATTENTION INTERRUPT ENABLE (SEE 6,4) IS TRUE,

3, A "REGISTER ACCESS ERROR" IS DETECTED IN THE CONTROLLER
WHEN A DRIVE REGISTER 1S LOADED OR READ (SEE. 6,1,0)

3,5 EBUS & CBUS

THE CONTROLLER SHALL INTERFACE TO ONE EBUS AND: UNE CBUS,  ALL
DATA TRANSFER TAKES PLACE OVER THE CBUS AND THE COMMANDS ARE
LOADED VIA THE EBUS, REGISTER READ/WRITE AND STATUS READ/WRITE
ARE PERFORMED VIA THE EBUS,

3,6 DEVICE

THE CONTROLLER SHALL BE DESIGNED TO MEET THE "MASSBUS INTERFACE
STANDARD® AND SHALL CONTROL DEVICES (FIXED=HEAD DISK, DRUM,
MOVING= HEAD DISK, MAGTAPE DRIVE, ETC,) THAT MEET THE "MASSBUS
INTERFACE STANDARD",  EACH DEVICE SHALL IMPLEMENT A SUBSET OF
THE STANDARD, DETAILED SPECIFICATIONS OF EACH DEVICE (RS04,
RPO4, TU16, ETC,) WILL BE MADE AVAILABLE BY THE DEVICE
DESIGNER, * :

4, REGISTERS ACCESSIBLE BY SOFTWARE
4,1 REGISTER SUMMARY
THERE ARE TWO GROUPS OF REGISTERS ACCESSIBLE BY THE PROGRAMMERS

1., REGISTERS IN A DRIVE (EXTERNAL) AND
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2,

REGISTERS IN A CONTROLLER (INTERNAL)

TABLE 1 LISTED ALL THE REGISTERS IN THE CONTROLLER AND TABLE 2

LISTED ALL THE REGISTERS
NECESSARILY IMPLEMENT ALL REGISTERS),
MEANS  TO TRANSFER A REGISTER TO THE EBOXj;
LOAD A REGISTER FROM THE EBOX,

THE PRIMARY (SECONDARY) COMMAND REGISTER

INTERNAL REGISTERSS

1,
2,

REG, #
(OCTAL)

70

"

12

13

14

15

16

17

IN THE DRIVE (NOT ALL DRIVES WILL

IN THESE TABLES, "“READ"
"WRITE" MEANS TO

IS MADE UP OF TWO

PRIMARY (SECONDARY) BLOCK ADDRESS REGISTER AND

PRIMARY (SECONDARY) TRANSFER CONTROL REGISTER

READ/

WRITE

R/W

R/W

READ
ONLY

READ
ONLY

R/W

"READ

ONLY

WRITE
ONLY

WRITE
ONLY

REGISTER NAME

SECONDARY
BLOCK
ADDRESS

SECONDARY

TRANSFER
CONTROL

PRIMARY
BLOCK

ADDRESS

PRIMARY
TRANSFER
CONTROL

INTERRUPT
VECTOR INDEX

REGISTER

READ
REGISTER

WRITE
REGISTER

DIAGNOSTIC:
- CONTROL

BRIEF DESCRIPTION

CONTAINS THE STARTING
BLOCK ADDRESS (DISKS)
OR NUMBER OF FRAMES
OF THE BACKUP COMMAND,

(MAGTAPE)

CONTAINS THE BLOCK
COUNT AND THE FUNCTION,
CODE. OF THE BACKUP COMMAND,

CONTAINS THE STARTING

BLOCK ADDRESS (DISKS)

OR NUMBER OF FRAMES (MAGTAPE)
OF THE PRIMARY COMMAND,

CONTAINS THE INITIAL
BLOCK COUNT AND
FUNCTION CODE OF THE PRIMARY

- COMMAND,

CONTAINS THE INTERRUPT
VECTOR USED DURING

PRIORITY INTERRUPT OPERATION,

CONTAINS DATA RECEIVED FROM
THE MASSBUS DATA BUS, USED TO'
VERIFY DATA DURING A DIAGNOSTIC
WRITE OPERATION

"CONTAINS DATA TO BE SENT OUT

TO THE MASSBUS DATA BUS  DURING

A DIAGNOSTIC: READ OPERATION,

CONTAINS DIAGNOSTIC BITS
TO SIMULATE MASSBUS
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REG, #

00
01
02
03

04

05

06
07

10
11

12

13

14

READ/

WRITE

R/W

‘READ

ONLY

R/W

R/wW

R/W

"R/W

READ
ONLY

READ
ONLY

R/W

R/W

R/W

READ
ONLY

READ
ONLY

REGISTER OPERATIONS,

~BEGLSIER-SUMMARY,

REGISTER BRIEF DESCRIPTION

NAME - |

CONTROL CONTAINS FUNCTION CODE AND GO
BIT, i

STATUS ~ CONTAINS ALL NON=ERROR STATUS
INFORMATION PLUS THE  ERRDR
SUMMARY BIT,

ERROR 1 INDIVIDUAL ERROR INDICATIONS

MAINTENANCE CONTAIN DIAGNOSTIC MAIN=

| TAINANCE FUNCTIONS,

ATTENTION SPECIAL PSEUDO~KEGISTER

SUMMARY WHICH SHOWS THE  "ATTENTION
ACTIVE" STATUS OF ALL DRIVES,
ONE BIT PER DRIVE, (WRITE A 1
TO RESET BITS IN DRIVE)

DESIRED CONTAINS ADDRESS OF A TRACK

 SECTOR/ AND SECTOR TO BE READ OR

TRACK ADDRESS  WRITTEN, . |

DRIVE TYPE BITS TO INDICATE THE
CHARACTERISTICS OF THE DRIVE,

LOOK=AHEAD CONTAINS THE CURRENT ROTATIONAL
POSITION OF A DISK,

ERROR 2 CONTAINS ADDITIONAL ERROR BITS,

OFFSET - CONTRUL ~ OF OFFSETTING  OF
MOVABLE HEADS, o

DESIRED CONTAINS ADDRESS OF A

CYLINDER CYLINDER TO WHICH A SEEK IS

ADDRESS TO BE DONE ON MOVING HEAD DISK,

‘CURRERT CONTAINS THE CYLINDER

CYLINDER ADDRESS CORRESPOUNDING TO THE

ADDRESS CURRENT ARM POSITION,

SERIAL CONTAINS THE LOWEST FOUR

NUMBER DECIMAL DIGITS OF THE SERIAL OF

THE DRIVE,



1080,2040,2060 ENGINEERING FUNCTIONAL = SPEC: CHAP 4,1 PAGE 8
MASSBUS CONTROLLER (RH20) AND CHANNELS (MBOX) = REV 2

15
16

17

R/W ERROR 3 CONTAINS MORE ERRUR BITS,

READ  ECC POSTION CONTAINS THE POSITION OF A
ONLY BURST ERROR,

READ  ECC PATTERN CONTAINS THE PATTERN OF A

ONLY DETECTED BURST ERROR,

4,2 DETAIL DESCRIPTION OF THE REGISTERS

FIGURES 2, 3, AND 4 SHOW THE BIT MARS OF THE REGISTERS.

4,2,1 WRITING AN INTERNAL REGISTER

TO WRITE A WRITABLE INTERNAL REGISTER, THE PROGRAMMER USES A
DATAC TO3

1.

2,
3,

SPECIFY THE DESIRED REGISTER NUMBER (BIT 0=5 = 7X),
THE  REGISTER NUMBER 1S STORED 1IN THE CONTROLLER
(PREPARATION REGISTER), | |

SET THE "LOAD REGISTER"™ BIT (LR) (BIT 6) Tﬂflg

SPECIFY THE CONTENT OF THE REGISTER (BIT 18 THRU 35)
AFTER LOADING IS DONE, .

4,2,2 READING AN INTERNAL (CONTROLLER) REGISTER

TO READ A READABLE INTERNAL REGISTER, THE PROGRAMMER USES A
DATAD TOj ' ’ ‘

1,

2.

SPECIFY THE DESIRED REGISTER NUMBER (BIT 0=5 3 7X),

THE  REGISTER NUMBER 1§ STORED IN THE CONTROLLER
(PREPARATION REGISTER),

SET THE "LOAD REGISTER" BIT (BIT 6) TG 0, SUBSEQUENT
DATAI INSTRUCTIONS WILL TRANSFER THE CONTENTS OF THE
DESIRED REGISTER (ON DATA BITS 18 THROUGH 35) SPECIFIED
BY THE CONTENTS OF THE "PREPARATION REGISTER" TO THE .
EBOX, BITS 0 THROUGH 5 WILL CONTAIN THE REGISTER
NUMBER FOR. VERIFICATION, REPEATED DATAI INSTRUCTIONS
WILL READ THE SAME REGISTER PROVIDED THAT NO DATAD WITH
LR = 0 OR 1 15 DONE IN BETWEEN, IN OTHER WORDS, DATAI
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WILL ALWAYS READ THE REGISTER SPECIFIED BY THE LAST
DATAO,

4,2,3 WRITING AN EXTERNAL (DRIVE) REGISTER
THE PROGRAMMER USES A DATAD TO:

1, SPECIFY THE DESIRED REGISTER NUMBER (BIT 0 THROUGH 5%
WITH BIT 0 = 0), THE REGISTER NUMBER 1S STORED IN THE
CONTROLLER (PREPARATION REGISTER),

2, SET THE "LOAD REGISTER " BIT (BIT 6) TO 1,

3, SPECIFY THE "DISABLE REGISTER ACCESS ERROR STOP" BIT
(BIT 9, DRAES),

4, SPECIFY THE "CONTROL BUS EVEN PARITY" BIT (BIT 18),
5, SPECIFY THE DRIVE NUMBER (BITS 15 = 17),

6, SPECIFY THE CONTENTS OF THE REGISTER (BITS 20 = 35)
AFTER LOADING 18 DONE,

THE CONTROLLER, ON DETECTING THE DATAO, WILL LOAD THE SPECIFIED
DRIVE REGISTER VIA THE MASSBUS, IF THE "CONTROL BUS EVEN
PARITY" BIT IS SET, THE CONTROLLER WILL GENERATE EVEN PARITY,
OTHERWISE, ODD PARITY IS GENERATED (EVEN PARITY IS PROVIDED FOR
DIAGNOSTIC PURPOSES AS USUALLY THIS BIT WILL BE 0), I¥ THE
DRIVE DOES NOT RESPOND PROPERLY (SEE 6,10) "REGISTER ACCESS
ERROR" (CONI BIT 24) WILL BE SET, "REGISTER ACCESS ERROR" WILL
GENERATE AN INTERRUPT AND WILL INHIBIT THE PROGRAM FRUM WRITING
ANY MORE REGISTERS (INTERNAL OR EXTERNAL) UNLESS "DISABLE
REGISTER ACCESS ERROR STOP"™ WAS SPECIFIED BEFURE THE ERROR IS
MADE, IN THIS CASE NO INTERRUPT WILL BE GENERATED BY "REGISTER
ACCESS ERROR" AND ANY REGISTER CAN BE ACCESSED FREELY, A DATAI
WILL ALWAYS READ BACK THE REGISTER JUST LOADED AND CAN BE USED
TO READ BACK THE REGISTER NUMBER AND THE DRIVE NUMBER FROM
WHICH THE "REGISTER ACCESS ERROR" WAS MADE, THIS INFORMATION
ﬂILh BE USEFUL IN THE ERROUR REPORTING SYSTER. R

4,2,4 READING AN EXTERNAL (DRIVE) REGISTER

TO READ A READABLE DRIVE REGISTER, THE PROGRAMMER USES A DATAQ
TO:

1, SPECIFY THE DESIRED REGISTER NUMBER (BIT 0 =~ 5, WITH
BIT 0 = 0), THE REGISTEH NUMBER 1S STORED IN THE
“?REPARATIQH REGISTER",

2, SET THE "LOAD REGISTER" BIT (BIT 6) T0: 0

3, SPECIFY THE "DISABLE REGIST&R ACCESS ERROR sToP" BIT
(BIT 9, DRAES) ”



1080,2040,2060 ENGINEERING FUNCTIONAL = SPEC: CHAP 4,1 PAGE 10
MASSBUS CONTROLLER (RH20) AND CHANNELS (MBOX) = REV 2

4, SPECIFY BIT 18 "CONTROL BUS EVEN PARITY"
S5, SPECIFY THE DRIVE NUMBER (BITS 15 « 17)

SUBSEQUENT DATAL WILL TRANSFER TO THE EBOX, VIA THE EBUS,
1, THE CONTENTS OF THE DESIRED REGISTER (BIT 20 = 35)
2, THE PARITY BIT SENT IN BY THE DRIVE (BIT 19)

3, "CONTROL BUS EVEN PARITY" (BIT 18) = BIT SPECIFIED BY
THE PREVIOUS DATAQ

4, "DRIVE SELECT REGISTER" (BIT 15 = 17) = =DRIYE’ NUMBER
SPECIFIED BY THE PREVIOUS DATAO '

5, BITS 1114 ARE NOT USED AND RETURN ZERO'S

6, ﬁTRA” (BIT 10) = THIS BIT WILL BE S8ET IF THE ODRIVE
RESPONDS WITH “TRANSFER" (THIS 1S5 THE NORMAL DRIVE
RESPONSE) ' '

7. "“DISABLE REGISTER ACCESS ERROR STOP" (BIT 9) -
SPECIFIED BY THE PREVIOUS DATAD

8y "CONTROL BUS PARITY ERROR" (BIT 8) = THIS BIT IS SET IF
THE CONTROLLER DETECTS A PARITY ERROR ON THE 16 MASSBUS.
CONTROL LINES, THE CONTROLLER CHECKS FOR O0DD PARITY
ERROR WHEN READING AN EXTERNAL REGISTER OTHER THAN THE
ATTN SUMMARY REGISTER

9, BIT 7 18 NOT USED
10, BIT 6 (LR) RETURNS ZERO,

11, ”REGISTER SELECT" (BIT 0 = 5) SPECIFIED BX THE PREVIOQUS
DATAD

THE "REGISTER ACCESS ERROR" BIT (CONI BIT 24) WILL BE SET IE
“CQ&TRO& BUS PARITY ERROR®™ IS8 SET OR IF "TRA" 18 NOT RECEIVED
(IF A DRIVE IS NOT PRESENT A 2US TIMEOUT SETS RAE), INTERRUPT
WILL BE GENERATED AND LOADING OF ANY MORE REGISTERS WILL BE
INHIBITED UNLESS "DISABLE REGISTER ACCESS ERROR STOP" WAS
SPECIFIED 1IN THE "PREPARATION REGISTER", THUS A PROGRAM CAN
LOAD A NUMBER OF REGISTERS AND CHECK FOR A REGISTER ACCESS
ERROR ONCE AT THE END (BEFORE THE OPERATION STARTS), IN THIS
CASE NO INTERRUPT WILL  BE GENERATED, REPEATED  DATAI
INSTRUCTIONS WILL ACCESS THE SAME DRIVE REGISTER, '

"TRA", "CONTROL BUSPARITY ERROR" SIGNAL& ARE GENERATED FOR EACH
DATAI. INSTRUCTION AND ARE NOT REMEMBERED IN THE CONTROLLER
EXCEPT BY SETTING THE REGISTER ACGﬁss ERROR BIT,
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3. DETAILED DESCRIPTION OF THE INTERNAL REGISTERS

5.1 PRIMARY AND SECONDARY BLOCK ADDRESS REGISTER (REGISTER
NUMBERS 72 AND 70) (PBAR AND SPAR), THESE REGISTERS. ARE
CONTAINED IN 4X4 MEMORY CHIPS ON THE M(%% MOFULE> THE BITS ARE
CALLED BILE BIT XX(1),

THESE REGISTERS CONTAIN THE STARTING BLOCK ADDRESS (16 BITS) OF
A DATA TRANSFER, 1IN THE CASBE OF A DRUM OR DISK, THE BLOCK
ADDRESS SPECIFIES THE STARTING SURFACE AND SECTION ADDRESS, IN
THE CASE OF A MAGTAPE DRIVE, THE BLOCK ADDRESS REGISTER IS USED
TO SPECIFY THE NUMBER OF FRAMES PER RECORD TO BE WRITTEN OR
READ,

THE SECONDARY BLOCK ' ADDRESS REGISTER (S8BA) MUST BE LOADED
BEFORE THE SECONDARY TRANSFER CONTROL REGISTER (STCR 3 71)
SINCE THE CONTROLLER WILL EXECUTE THE COMMAND AS SQUN AS THE
SECONDARY TRANSFER CONTROL REGISTER IS LOADED, IF THE NEXT
SECTOR OR RECORD OF THE SAME DRIVE I8 TO BE READ/WRITE, THE
SECONDARY BLOCK ADDRESS: REGISTER NEED NOT BE LOADED, THIS
WORKS BECAUSE MASSBUS DEVICES LEAVE THEIR BLOCK ADDRESS
REGISTER INCREMENTED AND THE RHZ0 DOES NOT CHANGE THEM, IF SBAR
WAS NOT LOADED WHEN STCR WAS LQADED,

5,2 PRIMARY AND SECONDARY TRANSFER CONTROL REGISTER (REGISTER
NUMBERS 73 AND 71) (PICR, SICR), THESE REGISTERS ARE CONTAINED
IN 4X4 MEMORY CHIPS ON THE M8555 MODULE, THE BITS ARE CALLED
FILE BIT XX(1),

THESE REGISTERS CONTAIN THE LENGTH (IN 2'S COMPLEMENT) OF THE
'DATA  TRANSFER (NUMBER OF SECTORS OR RECORD) AND THE FUNCTION
CODE TO SPECIFY A READ/WRITE OPERATION (NOTE TO PROGRAMMER: DO
NOT LOAD ANY NON READ/WRITE FUNCTION CODE INTO THE SECONDARY
TRANSFER CONTROL REGISTERS), IN THE CASE OF MAGTAPE, ONLY ONE
RECORD AT A TIME SHALL BE SPECIFIED,

THE "RESET COMMAND LIST POINTER®" BIT (FILE BIT 7), IF SET, WILL
BE SENT AS A CBUS RESET TO THE CHANNEL (VIA THE CBUS) AT THE
BEGINNING OF A COMMAND EXECUTION TO RESET THE COMMAND LIST
POINTER IN THE CHANNEL ASSOCIATED WITH THE CONTROLLER 10 A
PREDETERMINED VALUE (MEMORY LOCATION ZERO OF THE "EXEC PROCESS
TABLE" + 4 TIMES THE CONTROLLER'S PHYSICAL NUMBER + 0),

THE "DISABLE TRANSFER ERROR STOP" BIT (FILE BIT 19), IF SET, IS
USED TO OVERRIDE THE RH20 MASSBUS LOOPBACK "DATA PARITY ERROR"
(CONI BIT 18) BITS AND "DRIVE EXCEPTION" (CON]L BIT 19), THI1S
Is. USEFUL WHEN THE PROGRAM WISHES TO READ IN ALL DATA ALTHOQUGH
THERE IS A BAD SPOT ON THE DISK, FOR EXAMPLE,THE ERROR
CONDITIONS ARE STORED  AND CAN BE TESTED WITH A CONI
INSTRUCTION, NOTE$ ONCE XFER ERR 18 SﬁT THE' RH20 WILL SET
DONE AND AhﬂORT THE XFER, »

THE "STORE" BIT (BIT 10), IF SET, WILL BE SENT TO THE CHANKE&
TO STORE ALL STATUS INFORMATIONS ASSUCIATED WITH THE CURRENT
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TRANSFER INTO MEMORY SO THAT THE PROGRAM CAN DETERMINE THE
EXACT STATUS OF THE CURRENT TRANSFER,

5.3 INTERRUPT VECTOR INDEX REGISTER (REGISTER NUMBER 74)

BITS 27 THROUGH 35 ARE SPECIFIED BY THE PROGRAMMER AS A
RELATIVE ADDRESS WITHIN THE EPT, ACTUALLY THIS REGISTER IS NOT
NEEDED, BUT WAS LEFT IN WHEN THE EBUS WAS CHANGED TO ALLOW AN
ADDRESS RELATIVE TO THE EPT, ALL SUBSEQUENT DEVICES HAVE
PREWIRED EPT RELATIVE ADDRESSES, IBREADBOARD:  EXEC VIRTUAL
ADDRESS] , THE CONTROLLER WILL SEND THESE BITS, AS THE
CONTROLLER'S INTERRUPT VECTOR, TO. THE EBOX (SEE "EBUS
SPECIFICATIONY FOR DETAILED INTERRUPT OPERATION), l

9+4 READ REGISTER (REGISTER NUMBER 75)

THIS REGISTER IS USED MAINLY BY THE DIAGNDSTIC PROGRAMMER,
DURING A DIAGNOSTIC WRITE OPERATION, DATA SENT OUT BY THE
CONTROLLER (ON THE MASSBUS DATA BUS) CAN BE MADE TO LOOP BACK
TO THE READ REGISTER AND CAN BE READ IN FOR DATA VERIFICATION,
5,5 WRITE REGISTER (REGISTER NUMBER 76)

THE REGISTER SHALL BE LOADED ONLY BY THE DIAGNOSTIC PROGRAMMER,
CONTENTS OF THE WRITE REGISTER ARE USED TO SIMULATE DATA INPUTS
TO THE CONTROLLER (ON THE MASSBUS DATA BUS) DURING A DIAGNOSTIC
READ OPERATION, BITS 1835 ARE DATA BITS AND BIT 17 SHALL BE
THE COMPUTED PARITY BIT (BY THE PROGRAMMER) FOR BITS 1835,

396 DIAGNOSTIC: CONTROL REGISTER (REGISTER NUMBER 77)

MOST MASSBUS OPERATIONS CAN BE SIMULATED BY THE BITS IN THIS
REGISTER,

5:6,1 CLOCK (BIT 35)

THIS BIT IS USED TO SIMULATE THE MASSBUS SYN CLOCK SIGNAL, THE
TRAILING EDGE OF THIS BIT WILL STROBE IN QR SEND OUT DATA
FROM/TO THE MASSBUS DATA BUS, | .

THE LEADING AND TRAILING EDGES OF THIS SIGNAL ARE GENERATED BY
- SIMPLY SETTING AND THEN RESETTING BIT 35,

S,6,2 ATTENTION (BIT 34)

THIS BIT IS USED TO SIMULATE THE MASSBUS ATTENTION SIGNAL,
INTERRUPT WILL BE GENERATED WHEN THIS BIT IS SET PROVIDE THAT
THE ATTENTION INTERRUPT ENABLE BIT (CONO BIT 30) HAS BEEN SET,
5,6,3 BIT 33

NOT USED,

5,6,4 EBL (BIT 32)
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THIS BIT WILL SIMULATE THE MASSBUS END OF BLOCK SIGNAL, THE
BLOCK COUNTER WILL BE INCREMENTED BY THE LEADING EDGE OF THIS
BIT, ' . ' _ :

5,6,5 EXEPTION (BIT 31)

THIS BIT WILL SIMULATE THE MASSBUS EXCEPTION SIGNAL, THE
SETTING OF THIS SIGNAL ALONG . WITH EBL (BIT 32) SET WILL
TERMINATE THE CURRENT COMMAND PROVIDED THAT “DISABLE TRANSFER
ERROR STOP" (5,2) IS NOT SET, ' :

5¢6,6 READ/WRITE (BIT 30)

THIS BIT, WHEN SET, WILL ENABLE OUTPUT DATA (ON THE MASSBUS
DATA BUS) TO BE LOOPED BACK TO BECOME INPUT DATA TO ENABLE
TESTING OF THE DATA PATH AND THE DRIVERS/RECEIVERS, THIS BIT
SHALL BE SET TO "1" ONLY FOR A READ SIMULATION AND SHALL BE
CLEARED FOR A WRITE SIMULATION, ' '

546,7 EVEN PARITY CHECK (BIT 29)

THIS BIT, WHEN SET, WILL ENABLE THE CONTROLLER TO CHECK FQR
EVEN PARITY, INSTEAD OF ODD PARITY, ON THE MASSBUS CONTROL BUS,
THE PARITY NETWORK CAN BE CHECKED BY THIS MEANS,

5,6,8 BLOCK ADDRESS REGISTER TEST (BIT 28)

THIS BIT, WHEN SET, WILL INHIBIT THE CONTROLLER FROM SENDING
OUT THE CONTENT OF THE SECONDARY TRANSFER CONTROL REGISTER TO A
DRIVE, INSTEAD, THE SECONDARY BLOCK ADDRESS REGISTER IS8 SENT
QUT TWICE AND CAN BE CHECKED BY THE DIAGNOSTIC: PROGRAM, .

5,6,9 CONTROL BUS TEST (BIT 27)

THIS BIT, WHEN SET, WILL LOOPBACK THE MASSBUS CONTROL BUS TO
ENABLE TESTING OF THE DRIVES/RECEIVERS AND RELATED LOGIC,
NOTE: THE DIAGNOSTIC SOFTWARE MUST SELECT A DRIVE NUMBER WHICH
15 NOT PRESENT OR IS NOT POWERED UP, THIS MAY NOT BE POSSIBLE
IN A CONFIGURATION WITH 8 DUAL PORT DRIVES WITHOUT SOFTWARE
INTERVENTION IN BOTH SYSTEMS, ' ‘ '

Pe¢6,10 TRANSFER (BIT 26)

THIS BIT, WHEN SET, WILL SIMULATE THE MASSBUS. TRANSFER SIGNAL
TO BE GENERATED WHENEVER A DRIVE REGISTER 1S BEING ACCESSED,

547 DESCRIPTION OF THE DRIVE REGISTER = DUE 7T0 THE SENSITIVE
NATURE. OF THE "MASSBUS INTERFACE STANDARD" ' :

INTERESTED PEOPLE ARE RECOMMENDED TO OBTAIN COPIES OF THE
SPECIFICATION FROM MR, JOHN LEVY (11/45 ENGINEERING), THE
DRIVE REGISTERS, READ/WRITE OPERATION, ‘DUAL  PORT DRIVE
PROTOCOL, ETC, - ARE CLEARLY SPECIFIED AND: DESCRIBED IN THE
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SPECIFICATION,

6, STATUS REGISTER (CONO AND CONI)

BIT MAPS OF THE CONO AND CONI ARE SHOWN IN FIG, 5, EVERY CONI
BIT WILL BE CLEARED BY AT LEAST THE FOLLOWING TWOQ CON&ITIQNS
EXCEPT WHERE SP&CIFIEG

1, THE RESET SIGNAL FROM THE EBUS; OR
2, CONO BIT 25 (CLEAR MASSBUS CONTROLLER),
6,1 BITS 33, 34, AND 35-PRIORITY INTERRUPT CHANNEL

INTERRUPT TO THE SPECIFIED PRIORITY INTERRUPT CHANNEL 18
ENABLED IF NOT ALL THE BITS ARE ZERO,

CONDITIONS THAT CAUSE INTERRUPT ARE:

COMMAND DONE (BIT 32), MASSBUS ATTENTION (BIT 28) IF MBUS ATTN
ENB (1) IS5 SET AND REGISTER ACCESS ERROR (BIT 24), 1F DISABLE
REGISTER ACCESS ERROUR STOP IS NOT SET (PRE 0 REG BIT 09),

6,2 BIT 32 = COMMAND DONE

THIS BIT IS SET WHEN THE COMMAND IN THE PRIMARY COMMAND
REGISTER IS TERMINATED WITH OR WITHOUT TRANSFER ERROR, AN
INTERRUPT WILL BE GENERATED, COMMAND DONE IS CLEAREQ BY CONO
BIT 32 = 1 (CLEAR COMMAND DQNE).

643 BIT 31 » PRIMARY COMMAND REGISTER FULL

THIS BIT IS SET WHEN A COMMAND 1IN THE SECONDARY COMMAND
REGISTER IS8 TRANSFERRED INTO THE PRIMARY COMMAND REGISTER WHEN
THE PRIMARY COMMAND REGISTER IS NOT FULL AND ALL TRANSFER ERROR
(IF ANY) CONDITIONS RESULTED FROM THE LAST TRANSFER HAVE BEEN
CLEARED, THE COMMAND IN THE PRIMARY COMMAND REGISTER WILL BE
EXECUTED IMMEDIATELY, THIS BIT 18 RESET:

1. WHEN THE COMMAND IS TERMINATﬁQ WITH OR WITHOUT TRANSFER
ERROR,

2, BY CONO BIT 31 = 1 (STOP TRANSFER),

TRANSFER ERROR CONDITIONS THAT WILL TERMINATE A TRANSFER
COMMAND AND WILL INHIBIT THE EXECUTION OF THE NEXT TRANSFER
COMMAND ARE;} ' '

1, DATA PARITY ERROR (CONI BIT 18) OR DRIVE EXCEPTION
(CONI BIT 19) IS5 SET AND THE "DISABLE TRANFER ERROR
STOP" BIT IN THE PRIMARY TRANSFER COMMAND REGISTER IS
NOT SET,
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2, LONG WORD COUNT ERROR (BIT 20),

3. SHORT WORD COUNT ERROR (BIT 21),

4, CHANNEL ERROR (BIT 22),

5, DRIVE RESPONSE ERROR (CONI BIT 23),

6, DATA OVERRUN (CONI BIT 26)
COMMAND DONE (CONI BIT 32) WILL BE SET WHEN THE COMMAND IN THE
gg;ggfr COMMAND REGISTER IS TERMINATED WITH OR WITHOUT TRANSFER

CONO BIT 31 (STQP TRANSFER) WILL TERMINATE THE CURRENT TRANSFER

BUT SHOULD BE USED BY THE SOFTWARE ONLY WHEN THE TRANSFER IS5

HUNG, ALL STATUS BITS WILL NOT BE CLEARED AND CAN BE EXAMINED
BY CONI INSTRUCTIONS,

6.4 BIT 30 =» MASSBUS ATTENTION ENABLE

IHIS BIT, WHEN SET, WILL ENABLE THE MASSBUS "ATTENTION" SIGNAL
TO GENERATE AN INTERRUPT, :

6,5 BIT 29 = SECONDARY COMMANQ REGISTER FULL

TRIS BIT IS SET AS S0ON A5 THE SECONDARY TRANSFER CONTROL
REGISTER (REG, 71 1S LUADED, THIS BIT IS RESET:

1, BY SETTING CONO BIT 29 = 1 (DELETE SECONDARY COMMAND
REGISTER FULL), , . i

2, AFTER TRANSFERRING THE CONTENTS OF THE SECONDARY
COMMAND REGISTER INTO THE PRIMARY COMMAND REGISTER,
TH1IS TAKES PLACE WHEN THE PRIMARY COMMAND REGISTER IS
NOT FULL AND NO TRANSFER ERROR CONDITION EXISTS IN THE
CONTROLLER, ERROR CONDITIONS ARE DEFINED IN 6,3, CONO
BIT 29 = 1 (DELETE SECONDARY COMMAND REGISTER FULL)
WiLL DELETE. THE CONTENTS OF THE COMMAND IN THE
SECONDARY COMMAND REGISTER IF THAT COMMAND HAS NOT BEEN
TRANSFERRED INTO THE PRIMARY  COMMAND REGISTER,
WHENEVER THE PROGRAMMER FOUND IT NECESSARY TO DELETE
THE SECONDARY COMMAND THE PROGRAMMER SHOULD DO THE
DELETION ONLY WHEN THERE IS AT LEAST ONE MORE SECTOR TO
BE TRANSFERRED IN THE CURRENT DATA TRANSFER COMMAND,

6.6 BIT 28 = MASSBUS ATTENTION

THIS BIT 16 SET BY ANY DRIVE ON THE MASSBUS WHENEVER ATTENTION
CONDITION (SEEK COMPLETE ETC,) OCCURS IN THE DRIVE, THE BIT
WILL GENERATE AN INTERRUPT IF NOT ALL PIA BITS ARE ZERO AND IF
"MASSBUS ENABLE® IS SET, "MASSBUS ENABLE" 18 SET BY CONO BIT
30 5 1, MASSBUS ATTENTION WILL BE SET EVEN WHEN MASSBUS
ATTENTIQN INTERRUPT ENABLE ‘I8 NOT SET; IT JUST WON'T INTERRUPT
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UNTIL MASSBUS ATTENTION ENABLE BECOMES. SET, THE MASSBUS
ATTENTION BIT WILL BE RESET ONLY AFTER ALL THE ATTENTION
CONDITIONS IN ALL DRIVES ARE CLEARED, THE PROGRAM MUST SELECT
THE APPROPRIATE DRIVES. AND WRITE THE APPROPRIATE EXTERNAL
(DRIVE) REGISTERS, ' "

CONO BIT 28 = { (RESET COMMAND LIST POINTER) WILL CAUSE . THE
CHANNEL TO RESET THE COMMAND LIST POINTER, ASSOCIATED WITH
,CONTROLLER, TO POINT TO EPT + 4 TIMES THE CONTROLLER'S. PHYSICAL
NUMBER + 0, CONO BIT 28 SHOULD BE USED WHEN THERE IS NO
TRNSFER IN PROGRESS, TO RESYNCHRONIZE THE MBOX AND THE PROGRAM,

8,7 BIT 27 = MASSBUS ENABLE

THIS BIT MUST BE SET (BY CONO BIT 27 = 1) TO ENABLE THE
CONTROLLER TO INTERFACE TO ANY MASSBUS DRIVE,

IN SYSTEMS WHERE MORE THAN ONE CONTROLLERS ARE CONNECTED TO THE
SAME MASSBUS, THE SOFTWARE SHALL MAKE SURE THAT ONLY ONE
CONTROLLER AT ANY TIME IS ENABLED (BIT 27 al), - THIS FEATURE 18
MAINLY INTENDED FOR FAILSOFT RECONFIGURATION IN SINGLE AND
MULTI-PROCESSING SYSTEMS, THE DUAL PORT OPTION SHOULD BE USED
WHERE CONCURRENT TRANSFERS ARE DESIRED,.

THE OTHER CONTROLLER MUST BE DISCONNECTED FROM THE MASSBUS WITH
CONG BIT 27 = 0, ELBE BUT ERRORS WILL OCCUR BECAUSE OF IMPROPER
BUS TERMINATION,

6,8 BIT 26 = UATA OVERRUN
THIS BIT 1S SET WHENS

1. A MASSBUS DRIVE I8 INPUTING DATA FASTER THAN THE
CONTROLLER CAN TRANSMIT TO THE CHANNEL; OR .

2, A MASSBUS DRIVE 1S DEMANDING DATA FASTER THAN THE
CONTROLLER IS RECEIVING FROM THE CHANNEL,

CONO BIT 26 = 1 (TRANSFER ERﬁQR CLEAR) WILL CLEAR}

1, DATA OVERRUN (CONI BIT 26)

2, DRIVE RESPONSE: ERROR (CONI BIT 23)
3, CHANNEL ERROR (CONI BIT 22)

4, SHORT WORD COUNT (CONI BIT 21)

5, LONG WORD COUNT (CONI BIT 20)

6, DRIVE EXCEPTION (CONI BIT 19)

7, DATA PARITY ERROR (CONI BIT 18)

6,9 BIT 25 = CHANNEL NOT READY

THIS STATUS BIT IS CONTROLLED SOLELY BY THE CHANNEL AND CAN NOT
BE SET OR RESET BY THE PROGRAM, THE CHANNEL SETS THIS BIT
EITHER WHEN THE SYSTEM IS INITIALIZED OR AFTER THE CHANNEL HAS
COMPLETED TH& PREVIOUS TRANSFER AND HAS ENCOUNTERED A HALT
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COMMAND WORD OR HALT BIT IN A COMMAND WORD AND 1S READY TO
START A NEW TRANSFER, THE CHANNEL RESETS THIS BIT WHEN IT 18
EITHER ACTIVELY DOING DATA TRANSFER OR IS 1IN THE PROCESS (OF
FINISHING up THE CURRENT DATA  TRANSFER OPERATION
(HOUSE=CLEANING) AND IS NOT READY FOR THE NEXT DATA TRANSFER
UPERATION,

CONO BIT 25 (CLEAR MASSBUS CONTROLLER) S»I‘HIL&,IEITIALIZEA THE
CONTROLLER AND THE MASSBUS DRIVES TO THEIR POWERUP STATES, . '

IF THIS BIT I8 USED TO CLEAR THE CONTROLLER WHEN THERE I8 A
DATA TRANSFER COMMAND IN PROGRESS THE PROGRAM MUST ALSO DO A
CONO INSTRUCTION WITH BIT 28 # 1 (RESET COMMAND LIST POINTER)
TO CLEAR THE MBOX OTHERWISE THE MBOX CAN BE IN A HUNG STATE,

6410 CONI BIT 24 « REGISTER ACCKﬁﬁ ERROR

THIS BIT 1S SET WHEN A DRIVE REGISTER I8 ACCESSED AND ONE OR
HQRE OF THE FOLLOWING ERROR CONDITIONS UCCURs

1, CONTROL BUS TIME QUT‘!‘THI&'ERRBR,CQNDITIQE OCCURS: WHEN
A NONEXISTANT DRIVE IS SELECTED, IF THE ATTENTION
SUMMARY REGISTER 1S SELECTED, THE CONTROLLER WILL
EXPECT A CONTROL BUS TIME OUT AND, THEREFORE, WILL NOT
SET THE ERROR BIT,

2, CONTROL BUS PARITY ERROR = THIS ERROR CONDITION OCCURS
WHEN A DRIVE REGISTER IS READ AND THE CONTROLLER -
DETECTS A PARITY ERROR ON THE MASSBUS CONTROL BUS, IF
THE ATTENTION SUMMARY REGISTER 18 READ, THE CONTROLLER
WILL INHIBIT PARITY CHECKING AND THIS ERROR WILL NOT BE
SET,

THE CONTROLLER WILL NOT ALLOW FURTHER WRITING OF ANY REGISTER
IF "REGISTER ACCESS ERROR" 18 BSET AND THE INSTRUCTION THAT
CAUSED THE ERROR DID NOT SPECIFY "DISABLE REGISTER ACCESS ERROR
sToev,

CONO BIT 24 # { WILL CLEAR REGISTER ACCESS. &RROR AND THE
ASSOCIATED INTERRUPT REQUEST,

6,11 BIT 23 = DRIVE RESPONSE ERROR

THIS CONI BIT IS SET WHEN A DRIVE DOES NOT RESPONSE WITH
"TRANSFER" WHEN THE CONTROLLER IS LOADING A READ/WRITE COMMAND
INTO A DRIVE,

DRIVE RESPONSE ERROR WILL TERMINATE THE CURRENT TRANSFER AND
COMMAND DONE WILL BE SET, THIS BIT IS CLEARED BY CONO BIT 26,
CONO BIT 23 IS NOT USED,

6,12 BIT 22 = CHANNEL ERROR

THIS CONI STATUS BIT IS SET WHEN THE CHANNEL, DURING A DATA
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TRANSFER OPERATION, DETECTS AN ERROR CONDITION THAT WILL AFFECT
THE VALIDITY OF THE DATA TRANSFER, THE CONTROLLER UPON SENSING
THIS BIT, WILL TERMINATE THE CURRENT DATA TRANSFER AND COMMAND
DONE WILL BE SET, THIS BIT IS CLEARED BY CONO BIT 26, CONO
BIT 22 1S NOT USED, '

6,13 BIT 21 = SHORT WORD COUNT

THIS BIT WILL BE SET IF THE CHANNEL HAS TRANSFERRED ALL THE
DATA SPECIFIED BY THE CHANNEL COMMAND WORD BUT THE CONTROLLER
15 STILL NOT DONE WITH THE TRANSFER, THE CONTROLLER WILL
TERMINATE THE CURRENT DATA TRANSFER AND WILL SET COMMAND DONE
AND TRANSFER ERROR, THIS BIT IS CLEARED BY CONO BIT 26, COND
BIT 21 1S NOT USED, )

6,14 BIT 20 = LUNG WORD COUNT

THIS BIT WILL BE SET IF THE CONTROLLER HAS TRANSFERRED THE
SPECIFIED NUMBER OF SECTUR (SPECIFIED IN THE BLOCK COUNT FIELD
OF THE PRIMARY COMMAND REGISTER) BUT THE CHANNEL HAS NOT
REACHED THE FINAL WORD COUNT SPECIFIED IN THE CHANNEL COMMAND
WORD, THE CONTROLLER WILL TERMINATE THE CURRENT DATA TRANSFER
AND WILL SET COMMAND DONE AND TRANSFER ERROR, THIS BIT IS
CLEARED BY COND BIT 26, CONO BIT 20 IS NOT USED, | |

6,15 BIT 19 « DRIVE EXCEPTION

- TH1S BIT IS SENT TO THE CONTROLLER BY THE DRIVE SPECIFIED IN.
THE CURRENT READ/WRITE COMMAND WHEN A TRANSFER ERROR CONDITION
(DATA PARITY, ETC,) 1S DETECTED IN THE DRIVE, THE CONTROLLER
WILL STORE THE BIT AND WILL TERMINATE THE CURRENT TRANSFER,
COMMAND DONE AND TRANSFER ERROR WILL BE SET, THIS BIT IS
CLEARED BY COND BIT 26, CONO BIT 19 I8 NOT USED,

DRIVE EXCEPTION WILL NOT CAUSE THE READ/WRITE COMMAND TO BE
TERMINATED IF ®INHIBIT TRANSFER ERROR STOP" IS SPECIFIED IN THE
PRIMARY COMMAND REGISTER, CONO BIT 19 IS NOT USED, :

6416 BIT 18 = DATA PARITY ERROR

‘THIS BIT IS SET WHEN THE CONTROLLER DETECTS A PARITY ERRUOR ON
THE MASSBUS DATA BUS DURING A READ AND WRITE COMMAND, IN THE
CASE OF A WRITE COMMAND, THE DRIVE INVOLVED MAY ALSQO DETECT A
PARITY ERROR, THE CONTROLLER WILL TERMINATE THE READ/WRITE
COMMAND AND WILL SET COMMAND DONE AND TRANSFER ERROR, CONO BIT
26 WILL CLEAR THIS ERROR, CONO BIT 18 18 NOT USED, ‘

DATA PARITY ERROR WILL NOT TERMINATE THE READ/WRITE CUMMAND IF
"INHIBIT TRANSFER ERROR STOP" 1S SPECIFIED IN THE PRIMARY
COMMAND REGISTER, COND BIT 18 IS NOT USED,

6417 BITS 0 = 17 = NOT USED, 7=9 SPARE
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7. NOTES ON CONTROLLER OPERATION

THE FOLLOWING STEPS CAN BE USED TO PROGRAM THE CONTROLLER TO
PERFORM A READ/WRITE OPERATION, |

7.1 DRIVE TYPE

THE PROGRAM READS THE "DRIVE TYPE" REGISTER OF EACH MASSBUS
DRIVE TO DETERMINE HOW MANY AND WHAT TYPE OF DRIVES ARE ON EACH
CONTROLLER, - : ' ’

7,2 SEEK TO THE DESIRED CYLINDER

(APPLIES ONLY TO MOVING=HEAD DISK DRIVES) BY READING THE
"CURRENT CYLINDER" REGISTER OF EACH MOVING=HEAD DRIVE, THE
PROGRAM CAN DETERMINE WHICH DRIVES REQUIRE SEEK OPERATION, THE
PROGRAM CAUSES A DRIVE TO SEEK TO DESIRED CYLINDER BY LOADING
THE DRIVES “"DESIRED CYLINDER®" REGISTER WITH THE DESIRED
CYLINDER NUMBER AND THEN THE: "CONTROL REGISTER" WITH A SEEK
CUMMAND, THE DRIVE WILL ASSERT "ATTENTION" WHICH IN TURN WwILL
CAUSE THE CONTROLLER TO INTERRUPT THE PROGRAM AFTER THE SEEK
OPERATION IS DONE, '

7¢3 SECTOR OPTIMIZATION (APPLIES TO MOVINGeHEAD AND FIXED HEAD
DISK DRIVES) |

SECTOR OPTIMIZATION CAN BE DONE BY READING THE DRIVES "LOOK
AHEAD REGISTER" WHICH GIVE THE ROTATIONAL POSITION OF A DISK,

7+4 CHANNEL COUMMAND WORD LOADING

THE PROGRAMMER LOADS THE CHANNEL COMMAND WORD INSTRUCTIONS INTO
MEMORY (SEE 9,0)

7+5 COMMAND LOADING

AFTER THE ABOVE ARE DON