Burroughs

GENERAL SPECIFICATION
FOR

THE B8500 INFORMATION PROCESSING SYSTEM

1761-2045

1 October 1969

Burroughs Corporation
Defense, Space and Special Systems Group

PAOLI, PA.




Burroughs Corporation

LARGE COMPUTER SYSTEMS ORGANIZATION
PAOLI, PA.

PRODUCT SPECIFICATION

1 of 2

B8500 GENERAL SPECIFICATION

1761-2045

suparsedes revision AB of this specification
dated 9 June 1969 and incorporates changes
and additions authorized under ECN 2337.

Many minor corrections and clarifications
have been made. The major changes are
as follows:

Section 2:
Revision of the procedure display.
Indirect reference entries in resource

stack replaced by read-write inhibit
control.
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names and program control relative
names.

Revision of list structure to include
reset and sequence operations.

Section 4:
IMP functions are redefined.
Section 5:

Additrion of chained requests.

Section 6:

Addition of chained requests.
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PREFACE

THIS SPECIFICATION GIVES THE READER AN OVERALL VIEW OF THE B8500
SYSTEM, THE SPECIFICATION EXPRESSES DESIGN PHILOSOPHY IN CONCERT
WITH IMPLEMENTATION DETAIL, IT CONTAINS NO HARDWARE SPECIFICATIONS
BUT DISCUSSES THE DESIGN CONCEPT OF EACH MAJOR SUBSYSTEM AND THEN
LISTS REFERENCES TO THE ApPROPRIATE MARDWARE SPECIFICATION, THUS»
BEFORE HE EXAMINES IMPLEMENTATION DETAILS» THE READER IS ABLE TO
SEE FUNDAMENTAL IDEAS USED,

THIS DOCUMENT IS INTENDED fOR THOSE WHO MUST IMPLEMENT THE SOFTWARE
FOR THE SYSTEM» BUT IT MAY SERVE AS A BASIS FOR THE PRODUCTION OF
MATERIAL FOR MARKETING AND FOR USERS INFORMATION,

A NEW TERMINOLOGY HAS BEEN INTRODUCED TO EMPHASIZE THE NEW
RELATIONSHIPS BETWEEN CERTAIN PROCESSING COMPONENTS, THE NEW
TERMINOLOGY OFTEN CONVEYS MEANINGS WHICH CAN BE MISSED IF NOT
CAREFULLY OBSERVED,

THE B8S00 DESIGN AROSE FROM A GROWING AWARENESS OF THE DEFICIENCIES
OF CONVENTIONAL MACHINE ODESIGN AND FROM THE KNOWLEDGE OF THE
REQUIREMENTS OF ADVANCED APPLICATIONS, USERS NOW REQUIRE VERY
COMPLEX DATA STRUCTURES (QUEUES, STACKS, ETC,) AND FORMATS AS WELL
AS SOPHISTICATED PROGRAM STRUCTURES, THEY REQUIRE THE HANDLING OF
LARGE RELATED DATA SETS AND MANY FORMS OF REMOTE MULTIACCESS
DEVICES, THEY ALSO» OF COURSE, REQUIRE ALL THE CAPABILITIES OF
CONVENTIONAL SYSTEMS,

THE DESIGN EFFORT ENCOMPASSED AN EVALUATION OF THE PRINCIPLES ON
WHICH COMPUTERS ARE BASED AND LED TO THE CONCEPTS OUTLINED IN
SECTION 1,y TyPICAL OF THE ENDEAVOR WAS THE EXAMINATION OF THE USE
OF A LATTICE (WORD SIZE OR CHARACTER SIZE) AS THE FUNDAMENTAL UNIT
OF STORAGE, THIS INVESTIGATION LED 7O THE IDEA OF FREE FORMAT,
VARIABLE“LENGTH FIELDS» AND THEIR IMPLEMENTATION THROUGH THE
ASSOCIATED UNIT,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
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SECTION 1

DESIGN PHILOSOPHY

THE DESIGN PHILOSOPHY OF THE B8500 SYSTEM CAN BE SIMPLY EXPRESSED
AS AN EXTENSION OF THE DESIGN PHILOSOPHY OF THE B500 SERIES, FOR
MANY VYEARS» THE BURROUGHS DESIGN TEAMS HAVE USED THE CONCEPT OF
INTEGRATING HARDWARE AND SOFTWARE AS A DESIGN PRINCIPLE.

THIS SECTION PRESENTS SOME OF THE DETAILS OF THE DESIGN PHILOSOPHY
BY DISCUSSING DOESIGN O0OBJECTIVES» CONCEPTS ODEVELOPED» AND THE
CHARACTERISTICS OF THE WMACHINE., By INTENTION, SOME CONCEPTS ARE
REPEATEp IN VARIOUS SECTIONS TO CcONVEY THESE IDEAS IN SEVERAL
CONTEXTS,

DESIGN OBJECTIVES

THE DESIGN OBJECTIVES FOR THE 88500 ARE:
A. TO PROVIDE A TRULY GENERAL PURPOSE PRODUCT,
Be TO EXPLOIT THE IDEAS EMBODIED IN THE B500 SERIES,
Coe TO PROVIDE HIGH SYSTEM PERFORMANCE,
De TO PROVIDE COMPATIBILITY WITH THE PRODUCT LINE,
Es+ TO PROVIDE NEW CAPABILITIES.
Fe TO PROVIDE LONG PRODUCT LIFE,
Ge TO PROVIDE AN EXPANDABLE SYSTEM,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
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A TRULY GENERAL PURPOSE PRQDUCT

THE B8500 SYSTEM WAS DESIGNED TO MEET THE REQUIREMENTS OF A BROAD
MARKET WITH SUCH DIVERSE APPLICATIONS AS TIME SHARING (AMONG
THOUSANDS OF TERMINALS)» SCIENTIFIC PROBLEM SOLVING, AND DATA
PROCESSING.

THE MACHINE MUST HAVE A HIGH DEGREE OF SENSITIVITY TO EACH PROBLEM
TO MEET THESE REQUIREMENTS, THUSs» THE MACHINE HANDLES COMPLEX DATA
STRUCTURES WHICH MAY BE BOTH NESTED AND COMPOSED OF VARIABLE=LENGTH
ELEMENTS.,

THE MACHINE IS ALSO AMENABLE TO THE SOPHISTICATED PROGRAM
STRUCTURES DICTATED BY CURRENT AND FUTURE HIGHER LEVEL LANGUAGES
AND THE REQUIREMENTS OF ADVANCED PROBLEMS,

TYPICAL APPLICATIONS WHICH ARE PROVIDED FOR INCLUDE INVENTORY
CONTROL, PAYROLL» AUTOMATED DESIGNs TEACHING, SIMULATION» BANKING,
SCIENTIFIC DATA COLLECTION AND RENDUCTION, NUMERICAL CONTROL OF
MACHINES» AND SUPPORT OF NEW DEVICES SUCH AS GRAPHIC TERMINALS,

EXPLOITING IDEAS EMBODIED IN THE 8500 SERIES

THE IDEAS EMRODIED IN THE B5500 HAVE BEEN PROVEN SUCCESSFUL, SINCE
THAT MACHINE OUTPERFORMS ALL UTHER DESIGNS WITH THE SAME COMPONENT
SPEED AND SIZE, THE B6500 DESIGN EXTENDED THOSE IDEAS, THE 88500
DESIGN PHILOSOPHY INCLUDES A FURTHER EXTENSION OF THOSE IDEAS,

THE B5500 PROVED THE VvALIDITY OF USING ONLY HIGHER LEVEL LANGUAGES
FOR BOTH USERS AND SYSTEMS PROGRAMMERSe THE SOFTWARE=ORIENTED
HARDWARE WAS AN ASSET IN WRITING EFFICIENT COMPILERS WITH OPTIMUM
0BJECT cODE,

THE USE OF THE STACK TO0 ALLOW RECURSIVE PROGRAMMING» RAPID
EXPRESSION EVALUATION, STANDARD PARAMFTER TECHNIQUES, SOPHISTICATED
LOCAL STORAGE ALLOCATIONS, AND RAPID PROCEDURE ENTRY WITH STATE
SAVING IN THE HARDWARE LED 7TO EFFICIENT MACHINE USAGE, THIS
ALILOWED THE DYNAMIC HISTORY OF A PROCESS TO RE RECORDED IN THE
STACK., BY HAVING CONTRQOL IN THE STACK AND SPECIAL CONTROL wORDS
(DESCRIPTORS)» THE CAPABILITY OF PLACING PROCEDURES IN THE ACCESS
PATH TO DATA ALLOWED FOR MORE SOPHISTICATED STRUCTURES, ALL THESE
ADVANCED B5500 IDEAS HAVE BEEN EXAMINED» GENERALIZED» AND APPLIED
TO THE B8500 DEVELOPMENT.

HIGH SYSTEM PERFORMANCE

PERFORMANCE MEASUREMENT IS ELUS!VE. THIS DESIGN PROVIDES BALANCED
USE OF A MAXIMUM PORTION OfF THE HARDWARE FOR A MAJORITY OF THE TIME,
THE DISTINCTION MADE HWERE IS TO OPTIMIZE OVERALL SYSTEM THROUGHPUT

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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AND AVOID LOCAL OPTIMIZATION OF A SPECIFIC SECTION SUCH AS AN
ARITHMETIC UNIT OR AN I/0 CHANNEL, THIS REQUIRES THE DESIGNERS TO
PROVIDE HARDWARE AND SOFTWARE THAT BALANCE THE SYSTEM AND OPTIMIZE
THROUGHPUT,

CONCEPTS WHICH ARE NEW WITH THE B8500 AND AFFECT THIS BALANCE
INCLUDE THE MAIN MEMORY EXTENSION, THE ABSENCE OF ABSOLUTE
ADORESSES IN THE PROCESS SPACE» AND THE USE OF VARIABLE=LENGTH
FIELDS, THESE IDEAS GIVE PROPORTIONAL WEIGHT TO EDITING» INPUT/
OUTPUT, AND OPERATING SYSTEMS FUNCTIONS AS WELL AS TO SIMPLE
ARITHMETIC PROCEDURES,

PRODUCT LINE COMPATIBILITY

THE USERS VIEW OF THE B88%00 WILL BE VERY MUCH LIKE THAT OF THE
B5500 AND B6500, THE SOURCE | ANGUAGES ACCEPTED BY THE B8500
COMPILERS ARE COMPATIBLE WITH THOSE FOR THE B6500, THE CONTROL AND
OPERATOR MESSAGES FOR COMMUNICATION WITH THE BB8500 INCLUDE THOSE
USED ON THE B6500, 85500 USERS ARE ABLE TD MOVE TO THE B6S00 OR
B8%500 By THE USE OF PROGRAM FILTERS TO ACCOUNT FOR THE CHANGES FROM
B5500 SYNTAX,

THE 88500 PROVIDES FACILITIES BEYOND ANY OF THOSE OFFERED ON ANY
OTHER BURROUGHS SYSTEM, THEY ARE AVAILABLE 70O THE USER By
EXTENSIONS IN THE HIGHER"LEVEL LANGUAGES,

NEW CAPABILITIES

AN ESSENTIAL GOAL OF THIS DESIGN IS TO PROVIDE NEW CAPABILITIES IN
DATA PROCESSING THAT WERE NOT PREVIOUSLY PRACTICAL. THIS GOAL IS A
DIRECT RECOGNITION OF THE FACT THAT DATA IS NOT WELL=SUITED TO THE
RIGOROUS REPRESENTATION REQUIRED By WORD OR CHARACTER ORGANIZED
STORAGE, THE ACTUAL NATURE OF DATA DEMANDS VARIABLE SIZE
REPRESENTATIONS, AND ADVANCES IN TECHNDLOGY PERMIT EXPLOITATION OF
THIS CONCEPT,

THE CONCEPT THAT DATA HAS VARIABLE AND UNIQUE CHARACTERISTICS»
RATHER THAN BEING OF A DEFINITE FIXED NATURE» REQUIRES A SET OF
FLEXIBLE PRIMITIVE DATA STRUCTURES, THE FORM OF EACH STRUCTURE
WILL DESCRIBE THE DATA CONTAINED WITHIN THE STRUCTURE. SOME OF THE
MORE COMMON STRUCTURES ARE FIELDS» VECTORS» STACKS» AND QUEUES.

THESE COMMON STRUCTURES MAY BE COMBINED INTO MORE COMPLEX
STRUCTURES, THIS PERMITS INCREASED FLEXIBILITY AND SPACE
OPTIMIZATION, THESE FLEXIBLE PRIMITIVE DATA STRUCTURES WILL
PROVIDE AN EFFICIENT METHOD OF SPACE MANIPULATION,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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TIME SHARING AND MULTIPROGRAMMING AMNONG A LARGE NUMBER OF PROGRAMS
IMPLY A NEW CAPABILITY TO PROVIDE RAPID SWAPPING AND PROTECTION,
THESE CAPABILITIES ARE PROVIDED IN THE PROCESS STRUCTURE OF THE
88500,

ONE OF THE MOST IMPORTANT CAPABILITIES IS AN EXTENSION OF THE B5500
ACCIDENTAL EMTRY IDEA, IT IS ESSENTIALLY THE IDEA OF AN EVALUATING
MACHINE, SUCH A MACHINE CANs AT ANY POINT IN THE ACCESS PATH TO
DATA» ALLOW PROCEDURES TO0 BE INTRODUCED. THIS IDEA PRODUCES THE
ABILITY TO HAVE INSTRUCTIONS OR DESCRIPTIONS OF ANY FORMAT AND
COMPLEXITY, PROGRAMS AND DATA MAY THUS BE STRUCTURED IN ANY WAY,

LONG PRODUCT LIFE

BURROUGHS PRODUCTS ARE DESIGNED WITH THE USER IN MIND, FOR THIS
REASON, CONSIDERATION IS GIVEN TO THE LONG LIFE OF THE PRODUCT.
LONG LIFE APPEARS IN COMPATIRILITY FROM 83500 TO 85500 TO B6500 T(Q
88500,., WHILE THIS COMPATIBILITY IS NOT COMPLETE» IT GOES A LONG
WAY IN kEEPING PROGRAMS IN SERVICE,

A SECOND FCORM OF LONG LIFE IS IN THE IDEA OF MODULARITY» WHICH
ALLOWS THE INTRODUCTION OF MODERNIZED MODULES IN AN OLDER SYSTEM
WITHOUT REPLACING THE ENTIRE SYSTEM, SYSTEMS MAY ALSO BE EXPANDED
WITHOUT REPROGRAMMING.

THE ADVANCED DESIGN ALLOWS INTRODUCTION OF MODERN COMPLEX
APPLICATIONS ON EXISTING EQUIPMENT, AS DEMONSTRATED BY THE 85500,
THE B5500 IS STILL EXPANDING ITS APPLICATIONS AFTER MANY YEARS OF
SERVICE,

EXPANDABLE SYSTEM

SYSTEM EXPANDABILITY IS BASED ON THE CONCEPT OF MODULARITY,
MODULARITY PERMITS THE USER TO START WITH A SMALL SYSTEM AND TO
EXPAND WITH ND PROGRAM CHANGES UP TO THE COMPLETE SYSTEM SIZE, IT
ALSO PERMITS SUBSTITUTION OF NEW COMPONENTS FOR OLD COMPONENTS, AND
THEREBY ALLOWS GRADUAL UPGRADING OF THE SYSTEM,

MODULARITY PERMITS, AS A NATURAL BY=PRODUCT, THE CAPABILITY TO
OPERATE WITH A REDUCED CONFIGURATION» WHICHs IN TURN» PERMITS
GRACEFUL DEGRADATION OF THE SYSTEM IF COMPONENTS BRECOME UNAVAILABLE.,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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B8500 SYSTEM CONCEPTS

GENERAL

THERE ARE SEVERAL GENERAL IDEAS, APPLICABLE TO SYSTEMS DESIGN,
WHICH ARE ADHERED TO IN THE B8500,

Ao SIMPLE SOLUTIONS ARE CLEANER AND THUS MORE LIKELY TO BE
SUCCESSFUL, THE POWERFUL CONCEPT OF RECURSION ALLOWS THE

IMPLEMENTATION OF COMPLEX STRUCTURES FROM THE RECURSIVE ySE OF
SIMPLE STRUCTURES, RECURSION APPLIES BOTH IN HARDWARE AND
SOFTWARE,

Be PROCESSESs HIERARCHIES OF ASYNCHRONOUS COOPERATING ROUTINES,
HAVE BEEN USED IN COMMUNICATIONS AND SYSTEM ARCHITECTURE.
PROCESSES APPEAR OFTEN IN SOFTWARE» SUCH AS IN SIMULATIONS,
COMPILERS» AND OPERATING SYSTEMS,

Co ALL LANGUAGES AND ALL DATA REPRESENTATIONS HAVE CERTAIN
COMMON ATTRIBUTES. THESE ATTRIBUTES MAY BE ISOLATED FROM THEIR
PARTICULAR REPRESENTATIQN AND USED AS A BASE FOR A GENERAL
MACHINE DESIGN, THESE BASIC ATTRIBUTES FORM THE BASIS FOR
PRIMITIVE OPERATORS WHICH HAVE WIDE APPLICABILITY, THE BASIC
ATTRIBUTES FORM A THEORETICAL BASE FOR THE STRUCTURE CONCEPT.

De ALL COMPUTER PROCESSES ARE COMPOSED SOLELY OF EITHER NAMES OR
0BJUECTS, NAMES ARE THE MEANS BY WHICH 0BJECTS ARE REFERENCED.,
THE EVALUATION CONCEPT GENERALIZFS THE DERIVATION OF NAMES AND
ALLOWS FOR ARBITRARY (CONTROLS Tn BE EFFECTIVE ALONG AN ACCESS
PATH,

E, THE CONCEPT OF A STORAGE HIERARCHY IS THAT THE MOST ACTIVE
SEGMENTS ARE KEPT IN THE HIGHEST=SPEED STORAGE AND THE LEAST
ACTIVE ARE KEPT IN THE LOWEST<SPEED STORAGE. SEGMENTS MAY BE
TRANSFERRED WITHIN THE STORAGE HTERARCHY AT THE SAME TIME THAT
OTHER SEGMENTS ARE BEING EXECUTED, IN THE B8500» THREE LEVELS OF
STORAGE ARE RECOGNIZED, SEGMENTS CONTAINED IN LEVEL*3 STORAGE
(THE FAMILY OF PERIPHERALS) MAY, AT ANY INSTANT, ALSO BE
CONTAINED IN LEVEL=1 OR LEVEL=2 STORAGE.

PROGRAMMING CONCEPTS

TWO CONCEPTS ARISE SOLELY FROM A KNOWLEDGE OF THE SCOPE OF
APPLICATIONS PRACTICED By COMPUTER USERS, THESE INVOLVE THE
PROCESS CONCEPT AND THE DATA STRUCTURE CONCEPT. THESE APPLICATION-
ORIENTED IDEAS HAVE BEEN KEPT IN MIND THROUGHOUT THE DESIGN EFFORT,
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A, PROCESS STRUCTURE: THE PROCESS CONCEPT IS DISCUSSED FuLLY IN
SECTION 4, ByT SOME OF THE IDEAS ARE SUMMARIZED HERE,

PROCESS STRUCTURE MAKES POSSIBLE THE PROTECTION NEEDED IN
MULTIPROCESSING SYSTEMS, PRACTICAL SWAPPING IS ACHIEVED By
DEFERRING ADDRESS BINDING, THE PROCESS CONCEPT ALSO ALLOWS
STRUCTURING THE PROGRAMS INTO ASYNCHRONOUS» COOPERATING»
INDEPENDENTLY=COMPILED SUBPROCESS. THEREFORES, MORE GENERAL
PROGRAM RELATIONSHIPS ARE ORTAINED.,

THE PROCESS TECHNIQUE ALSO IS DESIGNED TO ENABLE A GENERALIZFD
TREATMENT OF RESOURCE MANAGEMENT, IT GIVES A STMPLEs GENERAL WAY
TO DELEGATE AUTHORITY TO0 SUBPROCESSES WITHOUT VIOLATING THE
PROTECTION OF OTHER PROCESSES,

B DATA STRUCTURES: THE TREATMENT OF DATA HAS CONTINUOUSLY BEEN
A PROBLEM IN THE PAST DUE TU THE INABILITY TO REPRESENT DATA
PROPERLY IN THE STORAGE MEDIA PROVIDED, THE 88500 ALLOWS
COMPLETE SEGMENTATION OF ANY SIZE (T0O THE BIT)» AND SUCH SEGMENTS
MAY BE NESTED OR FRAGMENTED TO ANY DEPTH, THE DATA STRUCTURE CAN
BE DYNAMIC» PERMITTING DEPTH OF DATA BOTH IN THE SENSE OF SPACE
AND IN THE SENSE OF TIME WHERE THE ACCESS IS PROGRAM DEPENDENT,

THE VARIABLE SIZE FIELDS ALSO PERMIT SAVINGS IN UTILIZATION 0F
STORAGE BECAUSE OF THE COMPACTION OF DATA TO ONLY THE NECESSARY
SPACE, '

THE DATA SENSITIVITY BUILY INTO THE MACHINE IS ALSO ENHANCED BY
THE GENERALIZATION OF THE DESCRIPTION CONCEPT, RECOGNIZING THAT
DESCRIPTIONS ARE ACTyUALLY SPECIAL CASES OF PROGRAMs THE DESIGNERS
OF THE BB8500 VIEW ALL DESCRIPTIONS AS PROGRAM» WHOSE EVALUATION
PRODUCES THE DESIRED ITEM,

HARDWARE DEFINITION OF FORMAT HAS BEEN RELAXED. THE USER MAY
DEFINE THE SIZE AND FORMATS OF THE OPERANDS WITH A GREAT DEAL OFf
FLEXIBILITY. THE FORMATS OF ARITHMETIC OPERANDS ARE DEFINED BY
THE DESCRIPTIONS., THE USER MAY THEN OPERATE ON OPERANDS IN A
STANDARD wWAY T0O HANDLE INPUT ODPERANDS OF SEVERAL FORMATS wWITHOUT
PROGRAMMATIC CONVERSION TO HIS STANDARD FORMATS,

THE CONCEPTS INVOLVING THE GENERALIZATION OF THE FORMATS AND SIZES
OF OPERANDS IS IN CONCERT WITH THE CONCEPTS OF RECURSIVELY DEFINED
VARIABLE=SIZED FIELDS, THIS FREEING OF STORAGE CONVENTIONS FROM
WORD OR CHARACTER SIZE RESTRICTIONS IS ONE OF THE SIGNIFICANT
ADVANTAGES OFFERED BY THE B8500 OVER ITS CONTEMPORARIES,
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B8500 CHARACTERISTICS

L X L L I Y L. L 4 LY XX L X2 X X J

TO CLOSE THE DISCUSSION OfF THE DESIGN PHILOSOPHY» A SUMMARY OF THE
CHARACTERISTICS OF THE B8500 IS OFFERED TO EMPHASIZE USER=ORIENTED
FEATURES OF THE SYSTEM,

A FREE FIELD STYORAGE IS ORGANIZED TO FREE THE USER FROM WORD
SIZE OR FIELD SIZE RESTRICTIONS, THIS FREEOOM ALLOWS FIELDS OF
ANY SIZE WHICH CAN BE NESTED ARBITRARILY DEEP, OPERANDS MAY BE
OF ANy SIZE AND FORMAT, A CHOICE OF ARITHMETIC REPRESENTATION IS
ALSO GIVEN,

Be PROGRAM LANGUAGES ARE BETTER ACCOMMODATED BECAUSE OF THE
SELECTION OF A SET OF PRIMITIVES SUITED TO ALL LANGUAGES., THIS
IS PARTICULARLY ADVANTAGEOUS FUR COMPLICATED CONSTRUCTS SUCH AS
PROCEDURES AND CORQUTINES, THE ISOLATION OF COMMON PRIMITIVES
HAS ALSO BEEN EXTENDED TN COMMON DATA TYPES, THEREBY PROVIDING
FLEXIBLE STRUCTURES FOR DATA STORAGE,

Co THE MACHINE PRIMITIVES UTILIZE PUSHDOWN STACKS FOR ADDRESS
PREPARATION AND FOR EXPRESSION EVALUATION,

De THE I,/0 ACCOMMODATES MANY PERIPHERALS AND REMOTE ACCESS LINES
AS WELL AS A LARGE CENTRAL DISK SYSTEM, MANY CHANNELS PER 1/0
MODULE AND MULTIPLE I/0 MODULES ALLOW PARALLEL SIMULTANEOQUS
ACCESS TO HUNDREDS OF DEVICES, THE I,/0 MODULE IS TAILORED TO
FACILITATE MULTIPLE PRUCESSES AND TO REDUCE OPERATING SYSTEM
ATTENTION T0O 1/0=COMPLETE INTERRUPTS, THME JOBS ARE QUEUED» AND
MAY BE LINKED SO THAT MANY 1/0 TRANSFERS CAN TAKE PLACE BEFORE
ANY OPERATING SYSTEM ATTENTION IS REQUIRED,

Es THE MEMORY EXTENSION SYSTEM IS DESIGNED TO FACILITATE
EFFICIENT INTER=LEVEL INFORMATION TRANSFERS REQUIRED TO HANDLE
TIME SHARING AND MULTIPROCESSING, LEVEL=1 SPACE MANAGEMENT AND
LEVEL=2 SPACE MANAGEMENT ARE HANDLED BY IDENTICAL ALGORITHMS.
THIS GIVES THE USER A NATURAL MEANS OF PLACING INFORMATION IN
BACKUP STORAGE OR MAIN STORAGE,
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SECTION 2

INTERPRETER

KERNEL

THE B8500 INTERPRETER AyTOMATICALLY ENTERS», REMOVESs AND LOCATES
INFORMATION IN DATA AND PROGRAM STRUCTURES, THE STRUCTURES CHOSEN
FOR AUTOMATIC MANAGEMENT ARE SIMPLE STRUCTURES THAT APPEAR IN MOST
PROGRAMMING LANGUAGES., TWE AUTOMATIC STRUCTURE HANDLING MECHANISM
IMPLIES A CERTAIN HARDWARE ARCHITECTURE REFERRED TO AS THE "KERNEL"
OF THE MACHINE,

EACH STRUCTURE IS DESCRIBED BY A DESCRIPTOR WHICH DEFINES THE
ATTRIBUTES OF THE STRUCTURE., THESE ATTRIBUTES INCLUDE ACCESSING
PATH ATTRIBUTES» REPRESENTATION ATTRIBUTESs AND STRUCTURE TYPE
ATTRIBUTES., STRUCTURE TyPE ATTRIBUTES ARE EXECUTED IN ATTRIBUTE
STRUCTURE STACKS (AS) Tg VYIELD A REFERENCE TO THE INFORMATION
WITHIN THE SPECIFIED STRUCTURE. THE REPRESENTATION ATTRIBUTES
DETERMINE HOW THE INFORMATION IS TO BE INTERPRETEDS THE ACCESSING
PATH ATTRIBUTES DEFINE ACCESS PERMISSION TO THE INFORMATION,

THE KERNEL STARTS WITH A DESCRIPTOR, THE PART OF THE DESCRIPTOR
BEING EXECUTED IS POINTED TO 8Y A DESCRIPTOR PROGRAM CONTROL
REGISTER (DPCR)s THE DESCRIPTOR MAY CALL ANOTHER DESCRIPTOR) THUS,
NESTINGS OF THE DPCR OCCUR IN THE DPCR STACKe THE DIFFERENT
ATTRIBUTE FIELDS OF THE DESCRIPTOR ARE EXTRACTED AND PLACED IN THE
ATTRIBUTE STACKS FOR FURTHER EVALUATION,

THE ACCESS PERMISSION AND REPRESENTATION ATTRIBUTES ARE COLLECTED
IN THE ATTRIBUTE COLLECTIQN STACK (ACS) FOR FUTURE REFERENCE, THE
STRUCTURE TYPE IS STORED IN THE DESCRIPTOR STRUCTURE TYPE REGISTER,
THE STRUCTURE TYPE WILL DEFINE THE ALGORITHM USED TO ENTER» LOCATE
OR REMOVE INFORMATION IN THE STRUCTURE, THE DATA FIELDS OF THE
DESCRIPTOR WHICH DEFINE THE DYNAMIC STATYUS OF STRUCTURES ARE
REFERRED TO AS THE STATE WQRD (SW),

THE SW DEFINES THE CONTAINER OF THE STRUCTURE, THIS CONTAINER
INFORMATION IS PLACED IN THE ATTRIBUTE CONTAINER START ADDRESS
STACK (¢AC) AND THE ATTRIRUTE CONTAINER LENGTH STACK (LC)s THE SwW
ALSO CONTAINS INFORMATION WHICH WILL BE WUSED TO DEFINE THE
INFORMATION ELEMENT DESIRED IN THE STRUCTURE, THIS DATA IS PLACED
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IN THE ATTRIBUTE ELEMENT START ADORESS STACK (AE) AND THE ATTRIBUTE
ELEMENT LENGTH STACK (LE),

THESE STACKS (AC» LC» AE» AND LE)Y MAKE UP THE ATTRIBUTE STACK (SEE
FIGURE 2=1) AND ARE UTILIZED BY THE DESCRIPTOR EVALUATION
ARTTHMETIC UNIT, THE DESCRIPTOR EVALUATION ARITHMETIC UNIY
PERFORMS THE NECESSARY ARITHMETIC 1IN THE STRUCTURE ALGORITHMS,.
AFTER A REFERENCE IS CALCULATED» THE DESCRIPTOR MAY BE UPDATED.
THIS IS DONE BY RETURNING THE PROPER ATTRIBUTE STACK TO THE FIELD
IN THE DESCRIPTOR POINTED TO BY THE OPCR,

THE ATTRIBUTE STACKS ARE FIXED IN SIZE, THE NUMBER OF ENTRIES IN
EACH STACK IS DETERMINED 8BY THE MAXIMUM NUMBER OF ENTRIES REQUIRED
BY THE ALGORITHM USING THE STACK, THE WIDTH OF EACH STACK IS
LIMITED BY THE MAXIMUM LEVEL®2 STQRAGE SIZE, THE DPCR STACK DEPTH
DETERMINES THE DEPTH OF NESTING OF STRUCTURES,

THIS KERNEL IS THE BASIC PART OF THE B8500 INTERPRETER» AND THE
REST OfF THE MACHINE SHOULD BE CONSIDERED WITH THE KERNEL AS A
REFERENCE,

STRUCTURES

A STRUCTURE IS AN ORDERING OF A SET OF ELEMENTS WHICH DEFINE THE
ACCESSING OF AN ELEMENT IN THE SETs AN ELEMENT IS AN ACCESSIBLE>»
CONTIGgUOUS SET OF BITS. ACCESSING IS THE TRANSFORMATION OF A NAME
TO A PHYSICAL LOCATION, A SIMPLE ELEMENT IS AN ELEMENT WITH NO
SUBSTRUCTURE,

SEVERAL STRUCTURES ARE HANDLED DIRECTLY BY KERNEL HARDWARE, THESE
STRUCTURES INCLUDE FIXED=LENGTH AND VARIABLE=LENGTH FIELDS» LISTS
AND VECTORS WITH FIXED="LENGTH ELEMENTS, FIELDS WITH PARAMETRIC
POSITION AND LENGTH» AND COMPOSITE STRUCTURES,

ELEMENTS OF STRUCTURES ARE NOT RESTRICTED TO BEING SIMPLE ELEMENTS,
EVERY STRUCTURE MAY HAVE ELEMENTS OF ANY STRUCTURE, INCLUDING THE
SAME STRUCTURE., BY INCLUDING STRUCTURED ELEMENTS» INTERESTING
NESTED STRUCTURES CAN BE DEFINED» SUCH AS ARRAYS (VECTORS OF
VECTORS) AND RECORDS (FIELUS OF FIELDS OF FIELDS ,¢4)s

IT 1S POSSIBLE TO GIVE A SET OF INFORMATION TwWw0O OR MORE DIFFERENT
INDEPENDENT STRUCTURES, SyuCH STRUCTURES ARE CALLED COSPATIAL.

ALL MANIPULATIONS UPON AN INFORMATION STRUCTURE ARE PERFORMED WITH
ONE OR MORE STRUCTURE DESCRIPTIONS,
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DESCRIPTION SYNTAX

2=

BRACKETS ARE USED TO INOICATE SELF IDENTIFYING EXPRESSIONS WHICH

ARE NOT DETAILED FURTHER IN ANY SYNTAX,
ODESCRIPTION t1= ACCESS ATTRIBUTES, STRUCTURE EXPRESSION,
INTERPRETER ATTRIBUTES

ACCESS ATTRIBUTEStt= READ FAULT INDICATOR, WRITE FAULT
INDICATOR

READ FAULT INDICATOR 133 <ND READ FAULT>/

<READ FAULT>» FAULT PROCEDURE NAME

WRITE FAULT INDICATOR 1313 <NO WRITE FAULT>/

<WNRITE FAULT>, FAULT PROCEDURE NAME

FAULT PROCEDURE NAME 13a NAME
INTERPRETER ATTRIBUTES st= <«DESCRIPTOR>/

<PROGRAM, LEXIC LINK» PARAMETER

BIT» FUNCTION>/
<DATA>» FORMAT SELECTOR /
<LOCK>» FORMAT SELECTOR

ORMAT SELECTOR 3133 <INDEX USED TO SELECT FORMAT FOR?
] ARITHMET]IC» LOGICAL, OR CHARACTER>/
<NULL FORMAT>

STRUCTURE EXPRESSION 3= <ADDRESS=FIELD=LENGTH>, CONTAINER,

EXPRESSION, <END>
CONTAINER 31® <ALLOCATE>» CONTAINER INSTRUCTION

CONTAINER=INSTRUCTION tt=s <SEGMENT (NUMBER)>/ <CALL (NAME)>

EXPRESSION $3= INSTRUCTION /
INSTRUCTION, EXPRESSION

INSTRUCTION 83 <FIELD CAsL)Y> /
<YARIABLE FIELD> /
<VECTOR CA2L)>/
<LIST CA»P2Q)>»/
<QUEUE (AI»AO,L)> /
<VARIABLE QUEUE (AI,AO0,L)> /
<STACK CAsL)> /
<PUSHDOWN (AsL)> /
<STACK=VECTOR (CA,L)> /
<CALL(NAME)> '
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NAMES
NAMES IN THE B83500 SYSTEM ARE SHORTHAND DESCRIPTIONS USED TO ACCESS
ELEMENTS FROM STRUCTURES WHICH ARE KNOWN TD THE HMARDOWARE, NAMES
ARE FOUND EMBEDDED IN PROGRAM AND DESCRIPTION, THE B8500
RECOGNIZES SIX (6) KINDS Of NAMES, THE SYNTAX FOR NAME IS§?
NAME 118 <CORQUTINE RELATIVE>», STACK NUMBER» LL» D/
<DISPLAY RELATIVE>, LLoD/
<SL.ICE RELATYIVE>», D/
<COROUTINE NeBASE RELATIVE>» STACK NUMBER, 0/
<N*BASE RELATIVE>», D/
<PROGRAM RELATIVE>» OP
STACK NUMBER stt® <INDEX INTO THE CORQUTINE STACK>
LL ts® <INDEX INTO THE DISPLAY VECTOR>
D tis <DISPLACEMENT FROM BASE>
OP $18 <A DISPLACEMENTY FRQOM BASE OF PROGRAM SEGMENT>

A <COROUTINE RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM AN
NeSTACK BY!

A, SELECT OISPLAY ¢ CORQUTINE DISPLAY(STACK NUMBER],
Bs SELECT SLICE ¢ DISPLAY([LL],
Co SELECT ELEMENT ¢ SLICE(D],

A <DISPLAY RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE
CURRENT NeSTACK BY!

Ay SELECT SLICE ¢ CURRENT DISPLAY (LL)
Be SELECT ELEMENT ¢ SLICE (D)

A <SLICE RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE
CURRENT SLICE CONTAINED IN THE CURRENT N=STACK BY:

Ao SELECT ELEMENT ¢ CURRENT SLICE (D),

A <COROUTINE NeBASE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM AN Ne
:;ACK WITHOUT USING THE OISPLAY MECHANISM, THE ELEMENT IS ACCESSED
'

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released tc other than those to whom it is directed, or published, without written authorization of the
Burroughs Defense, Space and Special Systems Group, Paoli, Pernnsylvania,



rL)
1761=2045

Ay, SELECT NeSTACK ¢ CORQUTINE DISPLAY [STACK NUMBER]
Bs SELECT ELEMENT ¢ N=STACK (D)

A <N=BASE RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE
CURRENT N=STACK BY

Ay SELECT ELEMENY ¢ CURRENT N=STACK (D]}

A  <PROGRAM RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE
CURRENT PROGRAM STRING BY!?

A, SELECT ELEMENT ¢ CURRENT PCR ([DP}

THE RESOLUTION OF DP IS THE SYLLABLE, THE LENGTH OF AN ELEMENT
IS THE SAME AS FOR THE N=STACK,

THE RESOLUTION OF D IS TD THE ELEMENT OF THE N*STACK,

DESCRIPTYION EVALUATION == EVALUATE OPERATION

ACCESSING STRUCTURED INFQRMATION INvOLVES EVALUATION OF DES-

CRIPTIONS BY USE OF THE EVALUATE OPERATION PERFORMED BY THE KERNEL,
THE PRODUCT OF DESCRIPTION EVALUATION IS A REFERENCE, CALLED THE
TERMINAL DESCRIPTOR» ON THE ATTRIRUTE STACK, THE PARTICULAR
ELEMENT REFERENCED 1IN THE STRUCTURE DEPENDS UPON THE MODE OF
EVALUATION OF THE DESCRIPTION AND THE PARAMETERS SUPPLIED, THE
EVALUATION MODES ENTER, REMOVE» AND CONSTRUCT MAY BE APPLIED TO ALL
STRUCTURES, FOR LIST STRUCTURES TwO ADDITIONAL MODES», RESET AND
SEQUENCE» ARE AVAILABLE., EVALUATION BEGINS WITH THE EXECUTION OF
AN EVALUATE OPERATION WHICH USES AN EMPTY TERMINAL DESCRIPTOR AND A
DESCRIPTOR TO BE SCANNED By THE KERNEL,

ACCESS ATTRIBUTES

THE EVALUATE OPERATOR PERFORMS THESE STEPS, EACH STRUCTURE MAY
DEFINE A FAULT PROCEDURE DETERMINED DURING EVALUATION BY THE RULE
THAT IF THE FAULT PROCEDURE NAME IS DEFINED IN THE DESCRIPTOR BEING
SCANNED THE NAME IN THE SCANNED DESCRIPTOR IS MOVED TO THE TERMINAL
DESCRIPTOR. THE FAULT INOICATORS ARE ACCORDINGLY ACCUMULATED INTO
THE TERMINAL DESCRIPTOR,

STRUCTURE EXPRESSION
THE STRUCTURE EXPRESSIDN CONSISTS OF AN ALLOCATE BIT FOLLOWED BY A
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SEQUENCE OF STRUCTURE INSTRUCTIONS, IF THE ALLOCATE BIT IS FALSE
AN IMMEDIATE ALLOCATE FAULT OCCURS, OTHERWISE» THE STRUCTURE
EXPRESSION INSTRUCTIONS ARE EXECUTED FROM LEFT TO RIGHT, EACH
INSTRUCTION CONSISTS OF AN OPERATION AND A STRUCTURE STATE,

THE STRUCTURE STATE CONTAINS ADDRESS AMD LENGTH FIELDS, THE LENGTH

OF THE FIELDS IN THE STRUCTURE STATE IS SPECIFIED BY THE ADDRESS=
FIELD=LENGTH OF THE STRUCTYRE EXPRESSION, THE FIRST INSTRUCTION OFf
A STRUCTURE EXPRESSION MyST DEFINE A SEGMENT NUMBER, THIS MAY BE
DEFINED EITHER EXPLICITLY WITH A SEGMENT INSTRUCTION OR WITH A CALL
INSTRUCTION OF ANOTHER STRUCTURE wWHICH DEFINES THE SEGMENT NUMBER,
THE SEGMENT NUMBER IS INSERTED 1IN A SEGMENT INSTRUCTION OF THE
TERMINAL DESCRIPTOR,

STRUCTURES IN WHICH ALLOCATION MAY OCCUR ARE GOVERNED BY MODE=-
DEPENDENT INSTRUCTIONS, ACCESSES TO MODE<=DEPENDENT STRUCTURES IN
REMOVE OR ENTER MODE WILL CHANGE THE STRUCTURE STATE FOR ALLOCATION
OR DEALLOCATION OF AN ELEMENT RESPECTIVELY.,

ACCESSES TO ANY STRUCTURE IN CONSTRUCT MODE HAVE NO EFFECT ON
STRUCTURE STATE, IN THE CASE OF MODE<INDEPENDENT STRUCTURES» ENTER
AND REMOVE MODES ARE EQUIVALENT TO CONSTRUCT MODE, IN STRUCTURES
WITH MORE THAN ONE MODE-DEPENDENT INSTRUCTION, MODE HAS EFFECT ONLY
ON THE FIRST MODE=DEPENDENT INSTRUCTION} THAT ISs IF A STRUCTURE
HAS SUBSTRUCTURES IN wWHICH ALLOCATION MAY OCCURs» ALLOCATION CAN
OCCUR ONLY IN THE FIRST ALLOCATABLE STRUCTURE,

EACH INSTRUCTION AFTER THE INITIAL ONE IN A STRUCTURE EXPRESSION
OPERATES ON AN AC AND LC TOo DEFINE A PROPER SUBSTRUCTURE WITHIN THE
CONTAINER BY A SPECIFIC RULE, THE OUT=0F=BOUNDS FAULT OCCURS IFf
THE SUBFIELD IS NOT WHOLLY CONTAINED BY THE CONTAINER, UNLESS
OTHERWISE SPECIFIEDs PARAMETERS REQUIRED BY CERTAIN INSTRUCTIONS
ARE FOUND ON THE VALUE STACK (ySS)» WHICH IS DESCRIBED LATER,

~ STRUCTURE EXPRESSION OPERATORS

A DESCRIPTION OF EACH INSTRUCTION FOLLOWS (DETAILS CAN BE FOUND IN
APPENDIX A)13

THE FIELD INSTRUCTION DEFINES A SURFIELD WITHIN THE CONTAINER BY
SPECIFICATION OF THE ADDRESS», A» OF TWE INITIAL BIT AND THE LENGTH»
L> OF THE SUBFIELD. THE VARIABLE=FIELD INSTRUCTION SIMILARLY
DEFINES A SUBFIELD BUT THE ADDRESS AND LENGTH ARE PARAMETRIC,

THE VECTOR INSTRUCTION DEFINES A FIELND WHICH IS A SINGLE ELEMENT OF
A SET OF CONTIGUOUS» EQUAL=SIZE ELEMENTS BY MEANS OF A PARAMETRIC
SUBSCRIPT, THE ADDRESS» A, OF THE FIRST ELEMENT, AND THE ELEMENTAL
LENGTHJ L.

THE STACK INSTRUCTION AND PUSHDOWN INSTRUCTION ARE USED FOR LAST®
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IN=FIRST=0UT CONTIGUOUS STRUCTURES WITH FIXED=SIZE AND VARIABLE~
SIZE ELEMENTS, RESPECTIVELY, EITHER INSTRUCTION DEFINES}

As IN CONSTRUCT MODE» A REFERENCE TO THE TOP ELEMENT OF THE
STRUCTURE WITH ADDRESS CQUPLE (A,L),

Be IN REMOVE MODEs A REFERENCE TO AN ELEMENT DEFINED BY (A=L»L),
Ce IN ENTER MODE» A REFERENCE TQO AN ELEMENT DEFINED BY C(A+LsL).

ELEMENT LENGTH IS PARAMETRIC FOR ACCESSES INTD PUSHDOWN STRUCTURES
IN ENTER M0ODE, ACCESS TO STACK AND PUSHDOWN STRUCTURES CAUSE
FAULTS ON OVERFLOW OR UNDERFLOW CONDITIDNS,

THE QUEUE AND VARIABLE~LENGTH QUEUE INSTRUCTIONS ARE USED FOR
FIRST=IN®FIRST=0UT CONTIGUOUS STRUCTURES WITH FIXED=SIZE AND
VARIABLE=SIZED ELEMENTS, RESPECTIVELY, ACCESS TO THE FIRST OR LAST
ELEMENT OF EITHER STRUCTURE IS MADE USING REMOVE MODE OR ENTER
MODE» RESPECTIVELY, ELEMENT LENGTH IS PARAMETRIC FOR ACCESSES INTOD
VARIABLE"LENGTH OQUEUE STRUCTURES IN ENTER MODE, ACCESSES TO BOTH
TYPES OF QUEUE STRUCTURES CAUSE FAULTS ON QUEUE FULL OR EMPTY
CONDITIONS,

THE LIST INSTRUCTION DEFINES REFERENCES TD ELEMENTS OF A LINKED
LIST OF EQUAL®SIZE ELEMENTS, ALLOCATION AND DEALLOCATION ARE
ACHIEVED BY WUSE OF A FREE LIST WHICH RESIDES WITH THE LIST
STRUCTURE IN A CONTAINING FIELDs AN ACCESS TO THE LIST STRUCTURE
IN CONSTRUCT MODE RESULTS IN A REFERENCE TO THE LIST ELEMENT, A
HEADER POINTER, As CURRENT ELEMENT POINTER» P» AND A POINTER, Q» TO
THE ELEMENT WHICH PRECEDES THE CURRENT ELEMENT ARE PART OF THE LIST
STRUCTURE STATE,

AN ENTER MODE ACCESS CAUSES AN ELEMENT» DESCRIBED BY A REFERENCE ON
NSS» TO BE |LINKED INTQ THE LIST BETWEEN THE P AND Q PQINTERS. THE
P POINTER IS SET SO AS TQ ADDRESS THIS NEW ELEMENT, SIMILARLY, A
REMOVE MODE ACCESS DELINKS THE ELEMENT BETWEEN THE P AND Q POINTERS
AND P IS ADVANCED TO THE SUCCESSOR TO THE REMOVED ELEMENT, THE P
AND Q POINTERS MAY ALSO BE CONTROLLED BY THE LIST SEQUENCE AND
RESET OPERATIONS, SEQUENCE ADVANCES P AND Q TOWARD THE TAIL OF THE
LIST, RESET SETS P BACK TO THE HEAD POSITIONs A, FAULTS OCCUR
WHEN ATTEMPTING TO REMOVE OR SEQUENCE ON A NULL LIST OR A LIST IN
WHICH P DOES NOT ADDRESS A LIST ELEMENT,

THE COMPOSITE STRUCTURES, PUSHDOWNeSTACK AND PUSHDOWN=PUSHDOWN, ARE
STRUCTURES SIMILAR TO CERTAIN HARDWARE STRUCTURES OF THE CENTRAL
PROCESSOR AND DEAL WITH A COARSE STRUCTURE OVER A FINE STRUCTURE,
THE PURPOSE OF PRESENTING THESE COMPOSITE STRUCTURES HERE IS TO
MAKE FORMAL THEIR USE IN THE HARDWARE, THUS» THEY ARE NOT
STRUCTURE INSTRUCTIONS USABLE IN DESCRIPTIONS BY SOFTWARE», BUT
CERTAIN OPERATIONS CAN gt BETTER UNDERSTOOD BY FAMILIARITY WITH
THESE STRUCTURES.,
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COMPOSITE STRUCTURES HAVE PROPERTIES SIMILAR TO THOSE OF COSPATIAL
STRUCTURES IN THAT BOTH CONSIST OF MULTIPLE STRUCTURES OVER A
SINGLE CONTAINER FIELD, HUWEVER» COMPOSITE STRUCTURE ACCESSES HAVE
ADDITIONAL PROVISIONS FOR UPDATING THE STRUCTURE STATE OF ALL OFf
THE STRUCTURES IN THE COMPOSITE STRUCTURE, COMPOSITE STRUCTURES
ARE ALSO ACCESSIBLE BY THEIR COARSE, FINE OR COMPOSITE NAMES, FOR
EXAMPLE, WITH A SINGLE ACCESS TO A PUSHDOWN=STACK» A CHANGE IN THE
STATES OF BOTH THE PUSHDOWN AND THE STACKs OR JUST THE PUSHDOWN, 0R
JUST THE STACK» CAN BE EFFECTED By SELECTION OF THE APPROPRIATE
NAME WITHIN THE STRUCTURE, IN PARTICULAR, A REMOVE MODE ACCESS
WITH A PUSHDOWN®“STACK INSTRUCTION RESULTS IN A SINGLE OPERATION
EQUIVALENTY TO0 A REMOVE OF THE PUSHDOWN ELEMENT AND A NUMBER 0OF
REMOVES TO THE STACK STRUCTURE EQUAL TO THE NUMBER OF FINE ELEMENTS
CONTAINED BY THE PUSHDOWN ELEMENT,

THE PUSHDOWN=PUSHDOWN INSTRUCTION PROVIDES ACTIONS SIMILAR TO THE
PUSHDOWN=STACK BUT WITH THE FINE STRUCTURE BEING A PUSHDOWN INSTEAD

OF A STACK,

THE STACK=VECTOR INSTRUCTION PROVIDES INDEXING OPERATIONS INTOD A
VECTOR OF STACK ELEMENTS, VECTOR ACCESSES IN A STACK=VECTOR
STRUCTURE ARE BOUNDED BY THE STACK., THE STACK ELEMENT AND VECTOR
ELEMENT ARE OF EQUAL SIZE» IN CONTRAST TO THE FINE<COARSE SIZES OF
THE OTHER COMPOSITES,

THE CALL INSTRUCTION EVALUATES A DESCRIPTIQON BY SPECIFYING THE NAME
OF THE DESCRIPTION TO BE EVALUATED, A RETURN OCCURS WHEN
EVALUATION OF THE CALLED DESCRIPTION IS COMPLETE,

AT THE COMPLETION OF THE STRUCTURE EXPRESSION» THE INTERPRETER
ATTRIBUTES ARE CORIED INTD THE TERMINAL DESCRIPTION, THIS
COMPLETES THE EVALUATE OQPERATION,

INTERPRETER ATTRIBUTES

THE INTERPRETER ATTRIBUTES ARE EXAMINED, IF THE INTERPRETER
ATTRIBUTE IS *»DESCRIPTION"™» EVALUATION THEN CONTINUES WITH AN
EVALUATE OPERATION ON THE DESCRIPTION LOCATED BY THE TERMINAL
DESCRIPTION, IF THE INTERPRETER ATTRIBUTE IS NOT DESCRIPTION THEN
THE 7TOP OF THE ATTRIBUTE STACK IS MOVED TO NSS AND EVALUATION 1S
COMPLETE WITH THIS STEP,

TERMINAL DESCRIPTION APPLICATIONS

FURTHER USE OF THE REFERENCE DEVELOPED BY THE EVALUATION MECHANISM
MAY BE MADE BY THE OPERATIQONS VALUEs NAMEs STOREs» OR EXECUTE» WHICH
ARE SPECIFIED 1IN THE PARAGRAPH IN THIS SECTION ENTITLED
"DESCRIPTION DF OPERATORS"™,
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IT SHOULD BE NOTED THAT THE LOCK INTERPRETER ATTRIBUTE IS TREATED
AS A DATA INTERPRETER ATTRIBUTE WITH THE DEFINED DATA FIELD
CONTAINING A ONE=BIT FLAG N THE MOST SIGNIFICANT (OR ONLY) BIT
POSITION OF THE FIELD,

PROCESSOR STRUCTURE DESCRIpPTION

FUNCTIONAL DESCRIPTION

THE FOLLONWING IS A FUNCTIONAL DESCRIPTION OF THE STRUCTURE OF THE
B8S00 PROCESSOR MODULE AND USES ONLY THOSE STRUCTURES WHICH THE
KERNEL CAN EVALUATE, THIS PERMITS THE PROCESSOR STRUCTURE TO BE
DEFINED AS A STRUCTURE RESIDING IN LEVEL=! STORAGE, THIS» IN
ESSENCE, GUARANTEES THAT THE AMOUNT OF LOCAL BUFFERING USED IN THE
PROCESSOR WILL NOY INFLUENCE THE FUNCTIONAL OPERATION OF THE
MACHINE,

LOCAL BUFFERING MUST BE APPLIED AS ASSOCIATIVE MEMORY OVER THE
LEVEL=1 STRUCTURE, IN THIS WAY THE BUFFERING IS ONLY A PARAMETER
WHICH MAY BE VARIED TO CONTROL PROCESSOR SPEED, AS AN EXAMPLE, A
SERIAL PROCESSOR WILL HAVE NO BUFFERING WHEREAS THE BS8500 WILL MAKE
EXTENSIVE USE OF LOCAL BUFFERING. 1IT CAN BE SEEN THAT BY USING A
SINGLE FUNCTIONAL DESCRIPTION IT IS POSSIBLE TO DESCRIBE A SERIES
OF MACHINES DIFFERING ONLY IN SPEED, '
THE BASIC PROCESSOR STRUCTURES ARE:

A, THE RESOURCE CONTROL STRUCTURE,

B¢ THE PROCEDURE CONTROL STRUCTURE,

C«. THE COROUTINE CONTROL STRUCTURE,

D, THE PROGRAM CONTROL STRUCTURE,
THESE STRUCTURES PROVIDE ALL THE MECHANISHMS REQUIRED TO MANAGE!

A, "N" LEVELS OF STORAGE,

Be ALLOCATION OF PROCESSORS,

Co THE INTERNAL CONTROL OF COROUTINE AND PROCEDURE ENTRY AND
RETURN
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IT IS NECESSARY THAT HARDWARE BE PROVIDED TO PROTECTY THE SYSTEM
AGAINST A FAULTY PROCESS:, THIS PROTECTION IS ACHIEVED BY USING THE
RESOURCE STRUCTURE, THE RESOURCE STACKX (RSS) PREVENTS ACCESS TO
RESOURCES WH]CH MAVE NOTY BEEN GIVEN EXPLICITLY TO A PROCESS,

DECLARATION SYNTAX

A FAIRLY SIMPLE SYNTAX IS USED TO DECLARE THE STRUCTURE OF THE
PROCESSOR,

<DECLARATION> tt= DECLARF <DECL=LIST>}

<DECL=LIST> 113 <DECL> /
<DECL=LIST> » <DFCL>

<DECL> tt= <STRUCTURE=DECL> <TYPICAL=ELEMENT>/
<DECL> AND <STRUCTURE=DECL>
<TYPICAL ELEMENT>

<STRUCTURE=DECL> 885 <TYPE> <NUMRER=OF=ELEMENTS> <NAME>/
COMPOSITE <NUMBER=OF=ELEMENTS>
<NAME> OF

<TYPE> t1ts <IDENTIFIER>

<NAME> 1t <EMPTY> /
NAMED <IDENTIFIER>

<NUMBER=DF=ELEMENTS> 3t=s <EMPTY>
OF <JDENTIFIER> ELEMENTS /
TEMPLATE

<TYPICAL=ELEMENT> 31t= <SIZE> <FORMAT>

<SIZE> tts WITH ELEMENT SIZE <IDENTIFIER> /
VARIABLE /
<EMPTY>

<FORMAT> 31tz USING FORMAT <KIND> /
<EMPTY>

<KIND> tim BINARY SIGNED INTEGER /
BINARY UNSIGNED INTEGER /
DESCRIPTION /
LOGICAL
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<IDENTIFIER> st= LETTER /
<IDENTIFIER> LETTER /
<IDENTIFIER> DIGIT

<EMPTY> tta (DEVOID OF CONTENT)

THE RESOURCE CCONTROL STRUCTURE,

THE B8S00 SYSTEM IS VIEWED AS A SET OF RESOURCES AVAILABLE TO A
NUMBER OF COMPETING PROCESSES, THF MAMNAGEMENT AND ALLOCATION OF
THESE RESOURCES IS DISTRIBUTED OVER A SET OF CONTROL PROCESSES,
EACH CONTROL PROCESS MANAGES SOME SUBSET OF PROCESSES, THE
DISTRIBUTION C©OF RESOURCES TO PROCESSES WHICH ARE CREATED AND
CONTROLLED BY A PARTICULAR PROCESS IS THROUGH THE RESOURCE CONTROL
STRUCTURE (R),

ONE AND ONLY ONE R EXISTS fFOR EACH PROCESSOR IN THE SYSTEM., AS THE
PROCESSOR MOVES FROM PROCESS SPACE TN PROCESS SPACEs THE STRUCTURE
KEEPS A HISTORY OF THE RESOURCES BREING PASSED, AS A PROCESS IS
CALLED» THE SUBSET OF THE RESOURCES THE CALLER WISHES TO PASS ARE
PLACED IN THE RESOURCE STRUCTURE FOR USE BY THE CALLED PROCESS,
THE CALLED PROCESS MAY USE THESE RESOURCES BUT MAY NOT CHANGE THEM,
WHEN A PROCESS RETURNS TO THE PROCESS THAT ACTIVATED IT, THE
RESOURCES THAT HAD BEEN ALLOCATED FOR THAT PROCESS ARE REMOVED FROM
THE RESOURCE STRUCTURE,

A NUMBER OF DIFFERENT RESQURCES ARE DESCRIBED BY ENTRIES IN THE R,
TYPICAL ENTRIES ARE!

A, DESCRIPTIONS OF SEGMENT CONTAINERS IN LEVEL=<1.

Be DESCRIPTIONS OF SEGMENT CONTAINERS IN LEVEL=2,

C, DESCRIPTIONS OF DEVICES IN LEVEL=3,

D, DESCRIPTION OF THE PROCESSOR TIME,

E, DESCRIPTION OF THE FAULT MASKS,

Fe DESCRIPTION OF THE FAULT AND INTERUPT REGISTERS,
THE RESOURCE STRUCTURE PROVIDES PROTFCTION AGAINST THE ILLEGAL USE
OF RESOURCES BY A PROCESS AND THE CcHANGING OF RESOURCES WHICH DO
NOT BELONG TO A GIVEN PROCESSe THIS IS ACCOMPLISHED BY HAVING THE
R OUTSIDE OF THE ADDRESSING SPACE QOF ALL PROCESSES EXCEPT IMP, THE

HARDWARE _CAN ACCESS THE RESOURCE STRUCTURE FOR FINAL COMBINE
OPERATIONS.,
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RESOURCE STRUCTURE

BRACKETS ARE USED IN THIS SYNTAX AND OTHERS IN THE PROCESSOR
STRUCTURE SECTION TO INDICATE DEFINITIONS TO FOLLOW.

RESOURCE STRUCTURE DECLARATIODN:

DECLARE COMPOSITE NAMED <R> OF PUSHDOWN NAMED <RS>

AND STACK OF <«<Nt1> ELEMENTS
NAMED <RSS> WITH ELEMENT SIZE <N2> USING
FORMAT DESCRIPTION,

COMPOSITE OF STACK NAMED <RL>

WITH <N12> ELEMENTS AND VECTOR NAMED

<RR> WITH ELEMENT SIZE «<N2> USING

FORMAT DESCRIPTION,

VECTOR TEMPLATE NAMED <TR> WITH ELEMENT
SIZE <N2> USING FORMAT DESCRIPTION,

FIELD NAMED <IMP MODE> WITH SIZE
1 USING FORMAT L OGICAL:

IDENTIFIER DEFINITIONS

R IS THE RESQURCE STRUCTURE,
RS IS THE RESOURCE SLICE,
RSS IS THE TOP RESOURCE STACK CONTAINER,
RR IS THE RESOURCE STACK DISPLAY,
RL IS THE CURRENT RESOURCE LEVEL.,

TR IS A VECTOR TEMPLATE USED TO CONSTRUCT A
VECTOR DESCRIPTION WHICH IS PLACED IN RL,

IMP MODE IS A FLAG USED Tn INDICATE THAT THE PROCESSOR
IS IN THE INTERPETER MANAGEMENT PROCESS,

THE IDENTIFIER N1»N2,N3,.s STANDS FOR A PARAMETER TO BE
DEFINED BY IMPLEMENTATIUN,
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THE PROCEDURE CONTROL STRUCTURE

A NUMBER OF HIGHER=LEVEL LANGUAGES CAN MAKE EFFECTIVE USE OF A
STRUCTURE FOR CONTROLLING THE ALLOCATION OF LEVEL®1 STORAGE fFOR
PASSING PARAMETERS TO PROCEDURES AND FUNCTIONS AND FOR ALLOCATING
STORAGE FOR LOCAL VARIABLES USED WITHIN PROCEDURES» FUNCTIONS, AND
BLOCKS, THE PROCEDURE CONTROL STRUCTURE PROVIDES THIS MECHANISM,

THE STRUCTURE CONSISTS OF A STACK FOR STORING DESCRIPTIONS OF THE
DATA STRUCTURES USED BY A PROGRAM» AND OF A DISPLAY FOR CONTROLLING
THE PARTICULAR DESCRIPTIONS WHICH ARE CURRENTLY VISIBLE 70 THE
PROGRAM BY LEXIC LEVEL NAMES, DESCRIPTIONS MAY ALSO BE ADDRESSED
BY N=BASE RELATIVE NAMES, IN ADDITION» A VARIABLE=WIDTH STACK
(PUSH=DONWN) IS PROVIDED FfOR STORING VALUES OF VARIOUS TYPES AND
FORMATS,

THE vSS IS STRONGLY CONNECTED TO THE NSS IN THAT ALL ENTRIES IN THE
VSS ARE DESCRIBED IN THE NSS, THE VSS AND NSS ARE ALSO USED AS THE
ARITHMETIC EXPRESSION EVALUATINN STACKS THAT 1S» THE TOPS OF THESE
STACKS ARE USED BY THE AU FOR SOURCES OF OPERANDS AND AS A
DESTINATION FOR RESULTS,

WHENEVER PARAMETERS OR | OCALS ARE YO0 BE ENTERED IN THE PROCEDURE
STRUCTURE (PROCEDURE OR FUNCTION CALL AND BLOCK ENTRY)» A SLICE
DESCRIPTION MUST BE CREATED AND ENTERED INTO THE DISPLAY. THE
SLICE CONSISTS OF THE DESCRIPTIONS THAT CURRENTLY EXIST IN THE
ARITHMETIC EXPRESSION STACK PORTION OF THE NAME STACK, A VECTOR
TEMPLATE IS BOUND TO A FIELD DESCRIPTION OF THE SPACE wWHICH
ENCOMPASSES THE PORTION OF THE NSS TO BE SLICED., THE RESULTING
VECTOR DESCRIPTION IS THEN PLACED INTN THE DISPLAY,

PROCEDURE STRUCTURE DECLARATION:

DECLARE COMPOSITE NAMED <N> OF PUSHDOWN
NAMED <Ns> AND STACK OF <N13> ELEMENTS
NAMED <NSS> WITH ELEMENT SIZE <N2> USING
FORMAT DESCRIPTION,

COMPOSITE NAMED <V> OF PUSHDOWN

NAMED <VS> AND PUSHDOWN OF <N14> ELEMENTS
NAMED <VSs> WITH ELEMENTY SIZE VARIABLE
USING FORMAT DATA OR LOCK»

VECTOR OF <N3> ELEMENTS NAMED <D> WITH
ELEMENT SIZE <N5> USING FORMAT DESCRIPTION:.

VECTOR TEMPLATE NAMEND <TN> WITH
ELEMENT SIZE <N2> USING FORMAT DESCRIPTIONS
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IDENTIFIER DEFINITION;

N IS THE NAME STRUCTURE,
NS IS THE SLICE STRUCTURE,
NSS IS THE NAME STACK,
Vv IS THE VALUE STRUCTURE,
VS IS THE VALUE SLICE STRUCTURE,
VSS IS THE VALUE STACK,
D IS THE PROCEDURE DISPLAY,

TN IS A yECTOR TEMPLATE USED TO CONSTRUCT
ODESCRIPTIONS FOR THE DISPLAY D,

THE IDENTIFIER N1,N2,N3.,. STANDS FOR A PARAMETER TO BE
DEFINED BY IMPLEMENTATIUN,

THE COROUTINE CONTROL STRUCTURE

PROCESSES REPRESENT ROUTINES WHICH EXIST CONCURRENTLY AND MAY BE
EXECUTED ASYNCHRONOUSLY. COROUTINES REPRESENT ROUTINES WHICH EXIST
CONCURRENTLY BUT ARE EXECUTED SYNCHRONDUSLY. A PROCESS MAY BE
SWITCHED BETWEEN SEVERAL LINES OF CONTROL WITHIN A PROCESS BY USE
OF THE COROUTINE STRUCTURE. EACH CONCURRENT ROUTINE IS DEFINED By
A  PROCEDURE CONTROL STRUCTURE (NS8» VSS» AND D) AND A PROGRAM
CONTROL STRUCTURE (P) WHICH IS DEFINED, BY NAMEs IN THE NSS OF THE
RODT ROUTINE,

THE COROUTINE CONTROL STRUCTURE IS A STACK WHICH CONTAINS
REFERENCES TO THE DISPLAY AND NAME OF EACH OF THE ROUTINES WHICH
HAVE ACTIVATED A COROUTINE, THE TOP OF THE STACK IS THE ROOT OF
THE CURRENT SET OF CONCURRENT ROUTINES WHICH ARE ACTIVE,

THE STATE OF THE ROUTINE CURRENTLY BEING EXECUTED IS HELD IN THE
COROUTINE CONTROL FIELD,
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COROUTINE STRUCTURE DECLARATIONS

DECLARE COMPOSITE OF STACK NAME]D <C> WITH <N6> ELEMENTS

AND VECTOR NAMED <CD> WITH ELEMENT

FIELD NAMED <CPD> WITH SIZE <N2> USING FORMAT
DESCRIPTION

AND FIELD NAMED <CLL> WITH SIZE <N7> USING FORMAT
BINARY

UNSIGNED INTEGER AND FIELD NAMED <«CDP> WITH SIZE

<N8> USING FORMAT BINARY UNSIGNED INTEGER,

FIELD NAMED <CCF> WITH
FIELD NAMED <ND>» WITH SIZE <N2> USING FORMAY
DESCRIPTION

AND FIELD NAMED <vD> WITH SIZE <N2> USING FORMAT
DESCRIPTION

AND FIELD NAMED <DD> WITH SIZE <N2> USING FORMAT
DESCRIPTION

AND FIELD NAMED <PD> WITH SIZE <N2> USING FORMAT
DESCRIPTION)

IDENTIFIER DEFINITION?

C IS THE COROUTINE STRUCTURE,
CO IS THE COROUTINE DISPLAY,

CPD IS REFERENCE TO THE PROCEDURE DISPLAY OF
THE ROOT ROUTINE,

COP IS DISPLACEMENT FROM LL SPECIFIED
IN CLL,

CLL IS THE LEXIC LEVEL WHERE THE DESCRIPTION
OF THE CURRENTLY ACTIVE COROUTINE IS FOUND,

CCF IS THE CURRENTLY ACTIVE ROUTINES STATE,
ND IS DOESCRIPTION OF THE N STRUCTURE,

VD IS DESCRIPTION OF THE V STRUCTURE,

DD IS DESCRIPTION OF THE D STRUCTURE,

PD IS DESCRIPTION OF THE P STRUCTURE.

THE IDENTIFIER N1,N2sN3,,¢ STANDS FOR A PARAMETER T0 BE
DEFINED BY IMPLEMENTATIUN,
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THE PROGRAM CONTROL STRUCTURE

THE PROGRAM CONTROL STRUCTURE IS USED TO RETAIN THE HISTORY OF
SUBROUTINE» PROCEDURE, FUNCTIONSs AND LOOP CALLS. WHENEVER A CALL
IS MADE ON A NEW ROUTINEs THE DESCRIPTION OF THE ROUTINE IS PUSHED
INTO P, UPON RETURNs P IS POPPED» AND THE DESCRIPTION OF THE
ROUTINE BEING EXITED IS REMOVED. A BRANCH REPLACFS THE CURRENT TOPpP
DESCRIPTION IN THE STACK,

THE SIDE EFFECTS ON THE pPROCEDURE STRUCTURE ARE CONTROLLED RY THE
PARAMETER AND FUNCTION FLAGS CONTAINED IN THE ROUTINES DESCRIPTION,

PROGRAM STRUCTURE DECLARATION:

DECLARE STACK OF <N9> ELEMENTS NAMED <P> WITH ELEMENT
FIELD NAMED <CONTAINER=ADDRESS> WITH SIZE <N10>
USING FORMAT BINARY SIGNED INTEGER AND
FIELD NAMED <CONTAINER=LENGTH> WITH SIZE <N10>
USING FORMAT BINARY SIGNED INTEGER AND
FIELD NAMED <SEQUENCER> WITH SIZE <N11> USING
FORMAT BINARY SIGNED INTEGER AND
FIELD NAMED <LENGTH> WITH SIZE <N12> USING
FORMAT BINARY SIGNED INTEGER AND
FIELD NAMED <PARMS> WITH SIZE 1 USING
FORMAT LOGICAL
FIELD NAMED <FUNCT> WITH SIZE 1 USING
FORMAT LOGICAL
FIELD NAMED <CURRENT LL> WITH SIZE <NT> USING
FORMAT BINARY INTEGERS

IDENTIFIER DEFINITIONS

P IS THE PROGRAM CONTROL STRUCTURE,

CONTAINER=ADDRESS IS ADDRESS OF THE CONTAINER HOLDING
THE PROGRAM STRING.

CONTAINER=LENGTH IS LENGTH OF THE CONTAINER HOLDING
THE PROGRAM STRING,

SEQUENCER IS THE POINTER WHICH INDICATES THE
CURRENT SYLLABLE BEING EXECUTED,

LENGTH IS THE SYLLABLE SIZE,
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CURRENT LL IS THE LEXIC LEVEL WHICH IS
CURRENTLY BEING EXECUTED,

PARMS IS A FLAG INDICATING WHETHER THE PROCEDURE
HAS PARAMETERS QR NOT,

FUNCT IS A FLAG INDICATING WHETHER THE PROCEDURE
RETURNS A VALUE,

THE IDENTIFIER N1,N2.N3,.y STANDS FOR A PARAMETER TO BE
DEFINED BY IMPLEMENTATIOUN,

DESCRIPTION OF OPERATORS

FOR CLARITY THE OPERATOR IS GIVEN FIRST AND ANY PARAMETERS THE
OPERATOR MAY REQUIRE ARE GIVEN FOLLOWING THE OPERATOR,

FOR EXAMPLE!
CONSTRUCT (NAME)
A, CONSTRUCT IS AN OPERATOR,

Be (NAME) IS A PARAMETER NF THE OPERATOR CONSTRUCT,

CONSTRUCT (NAME)

CONSTRUCT FETCHES AND EVALUATES THE NAMED DESCRIPTION, EVALUATION
IN CONSTRUCT MODE BUILDS A REFERENCE IN THE ATTRIBUTE STACK., THE
EVALUATION SEQUENCE DEPENDS ON THE STRUCTURE OPERATORS GIVEN IN
APPENDIX A, THE REFERENCE CONSTRUCTED BY THE EVALUATION SEQUENCE
IN THE ATTRIBUTE STACK IS MOVED TO NSS,

ENTER (NAME)

ENTER FETCHES AND EVALUATES THE NAMED DESCRIPTION, EVALUATION IN
ENTER MODE ALLOCATES A FIELD IN THE NAMED STRUCTUREs AND BUILDS A
REFERENCE TO THAT FIELD, VARIABLE=LENGTH ELEMENT STRUCTURES

REQUIRE THE LENGTH PARAMETER FOR THE FIELD TO BE ALLOCATED TO BE IN
VSS PRIOR TO THE ENTER OpERATION, THE REFERENCE IN THE ATTRIBUTE
STACK IS MOVED TO NSS,
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REMOVE (NAME)

REMOVE FETCHES AND EVALUATES THE NAMED DESCRIPTION, EVALUATION IN
REMOVE MODE DEALLOCATES A FIELD IN THE NAMED STRUCTURE» AND BUILDS
A REFERENCE TO THAT DEALLUCATED FIELD, VARIABLE LENGTH STRUCTURES
CONTAIN THE ELEMENT LENGTH INFURMATION NEEDED FOR DEALLOCATION,
THE REFERENCE IN THE ATTRIBUTE STACK 1S MOVED TO NSS.

NAME

NAME IS USED TO PRODUCE A REFERENCF TO A FIELD, THE FUNCTION OF
THE NAME OPERATOR DEPENDS UPON THE INTERPRETER ATTRIBUTES OF THE
DESCRIPTION IN NSS,

IF THE INTERPRETER ATTRIBUTE IS DATA OR LOCK» NO OPERATION TAKES
PLACE,

IF THE INTERPRETER ATTRIBUTE IS PROGRAM» A FUNCTION CALL OCCURS,
THE RESULT OF THE FUNCTION IS LEFT ON NSS AND A NAME OPERATION IS
RE=EXECUTED. (SEE THE ExXECUTE OPERATOR FOR FUNCTION CALL.)

IF THE INTERPRETER ATTRIQUTE IS DESCRIPTORs THE ACCESS ATTRIBUTES
ARE EXAMINED YO SEE IF THE DESCRIPTOR CAN BE FETCHEO, IF IT CAN,
THE NEW DESCRIPTOR IS EVALUATEDS OTHERWISE, AN ACCESS FAULT IS
GENERATED, A NAME QPERATION IS THEN PERFORMED ON THE RESULT OF
THE EVALUATION,

VALUE

VALUE CAUSES A VALUE TQ BE ENTERED INTO V, THE DESCRIPTION
INTERPRETER ATTRIBUTES ARE EVALUATED TO DETERMINE SUBSEQUENT ACTINN
AS FOLLOWS!

IF THE INTERPRETER ATTRIBUTE IS DATA, THEN THE ACCESS ATTRIBUTES
ARE EXAMINED TO SEE IF THE DATA CAN BE FETCHED. IF IT CAN RE
FETCHED» THE REFERENCE GENERATED IS USED AS A PARAMETER TO MAKE
AN ENTRY INTD Vs CREATING AN ELEMENT vSS. THE FIELD DESCRIRED BY
THE REFERENCE IS THEN MOVED TO vSS, THIS REFERENCE IS ALSO USED
TO CREATE AN ENTRY IN NSS WHICH WILL DESCRIBE THE ELEMENT IN VSS,
IF THE DATA CANNOT BE FETCHED» AN ACCESS FAULT 1S GENERATED.,

IF THE INTERPRETER ATTRIBUTE IS LOCKs THE ACTION IS SIMILAR TO
DATA EXCEPT THAT A READ*WITH=LOCK CYCLE IS ENVOKED IN LEVEL=1
STORAGE, THAT IS, THE FIELD IS FETCHED FROM LEVEL=! AND THE MOST
SIGNIFICANT BIT SET T0 ONE IN LEVEL=1 WITHOUT ANY INTERVENING
STORAGE CYCLES,
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IF THE INTERPRETER ATTRIBUTE IS PROGRAMs» A FUNCTION CALL OCCURS,
THE RESULT OF THE FUNCTION IS LEFT ON NSS AND A VALUE OPERATION
IS RE=EXECUTEDs (SEE THE EXECUTE OPERATOR FOR FUNCTION CALL.)

IF THE INTERPRETER ATTRIBUTE IS DESCRIPTION, THE ACCESS
ATTRIBUTES ARE EXAMINED TO SEE IF THE DESCRIPTOR CAN BE FETCHED,
IF IT CAN, THE DESCRIPTOR IS EVALUATED) OTHERWISE, AN ACCESS
FAULT 1S GENERATED, A VALUE OPERATION IS THEN PERFORMED ON THE
RESULT OF THE EVALUATION,

STORE

THE STORE OPERATIONM IS UTILIZED TO MOVE A VALUE FROM VSS TO STORAGE
OR STORAGE TO STORAGE, THE DESCRIPTION OF THE SOURCE (WHICH MAY BE
VSS) AND THE DESTINATION FIELDS ARE ON NSS.

IF THE INTERPRETER ATTRIBUTES OfF THE SOURCE AND DESTINATION
DESCRIPTORS ARE NOT JIDENTICAL AN ILLEGAL OPERATION FAULT OCCURS,
THE ACCESS ATTRIBUTES ARE EXAMINED, [IF READ FAULT IS SET IN THE
SOURCE DESCRIPTOR OR wRITE FAULT IS SET 1IN THE DESTINATION
DESCRIPTOR AN ACCESS FAULT OCCURS, IF NO FAULT OCCURS AND THE
INTERPRETER ATTRIBUTES ARE DATA OR LOCK THE FORMAT AND LENGTH
ATTRIBUTES OF THE SOURCE DESCRIPTOR AND DESTINATION DESCRIPTOR
ARE COMPARED, IF NECESSARY» A TRANSFORMATION OPERATOR IS CALLED,
SUBSEQUENT ACTION IS IDENTICAL FOR ALL CASES» NAMELY» THE SOURCE
FIELD IS MOVED TO THWE DESTINATION FIELD,

EXECUTE

THE EXECUTE OPERATOR IS USED 710 CAUSE SUBROUTINE ENTRY, THE
FUNCTION OF THE EXECUTE OPERATOR DEPENDS UPON THE INTERPRETER
ATTRIBUTES OF THE DESCRIPTION IN NSS,

IF THE INTERPRETER ATTRIBUTE IS DATA OR LOCK» NO OPERATION TAKES
PLACE,

IF THE INTERPRETER ATTRIBUTE 1S PROGRAM A FUNCTION CALL OR A
PROCEDURE CALL OCCURS: THE REFERENCE ON NSS IS MOVED TO P. IFf
THE PARAMETER BIT IS SET,» A DISPLAY CONTROL WORD (DCW) IS PLACFD
ON NSS» A SLICE IS MADg IN N» THE CURRENT LEXIC LEVEL IS SET T0
THE LEXIC LEVEL OF THE SyBROUTINE AND THE DISPLAY UPDATED.,

THE 0CwWs INSERTED INTQ NSS DURING FUNCTION CALL OR SUBROUTINE
CALL, CONTAINS A FIELD FOR THE LEXIC LEVEL OF THE SLICE (SL)» A
LENGTH OF SLICE FIELD (L) AND A LINK TO THE DCW FOR THE SLICE IN
WHICH THE SUBROUTINE QR FUNCTION WAS DECLARED. THIS LINK IS
CARRIED IN THME LEXIC LINKk PORTION OF THE PROGRAM DESCRIPTOR,
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DISPLAY UPDATE CONSISTS OF SEQUENCING THROUGH A DCW LIST AND
TESTING AGAINST THE DISpLAY ELEMENTS, IF THE DISPLAY ELEMENT, D
(SL)» DESCRIBES THE SLICE OF THE CURRENT DCwWw OR SL OF THE CURRENT
DCW 1S ZERD THE DISPLAY UPDATE IS COMPLETE} OTHERWISE» A VECTOR
DESCRIPTOR FOR THE CURRENT SLICE IS STORED INTO THE CURRENT
DISPLAY ELEMENT, D (SL], THE UPDATE CONTINUES BY SEQUENCING TO
THE NEXT DCW AND REPEATING THE ABOVE TEST UNTIL THE UPDATE IS
COMPLETED,

IF THE INTERPRETER ATTRIBUTE IS DESCRIPTOR» THE ACCESS ATTRIBUTES
ARE EXAMINED TO SEE IF THE DESCRIPTNR CAN BE FETCHED, IF IT CAN,
THE NEW DESCRIPTOR IS EVALUATED} OTHERWISE, AN ACCESS FAULT IS
GENERATED, AN EXECUTE QPERATION IS THEN PERFORMED ON THE RESULT
OF THE EVALUATION,

LOAD

LOAD OPERATES ON THE DESCRIPTOR IN NS, THE INTERPRETER ATTRIBUTES
ARE EVALUATED IN ORDER TO DETERMINE SUBSEQUENT ACTION, IF THE
INTERPRETER ATTRIBUTES ARE PROGRAM OR DATA, THE DESCRIPTOR IS LEFT
IN NSS, IfF THE INTERPRETER ATTRIBUTE IS A DESCRIPTOR» A REFERENCE
IS BUILT BY EXECUTING THE DESCRIPTOR, THE CONTENTS OF THE FIELD
SPECIFIED BY THE REFERENCE REPLACES THE GIVEN DESCRIPTION,

DESCRIBE (NAME)

DESCRIBE GEMERATES A DESCRIPTION OF A DESCRIPTION, ACCESS
ATTRIBUTES ARE SET TO THE CLEARED STATE, THE INTERPRETER
ATTRIBUTES wWI_LL BE SET tO DESCRIPTION, THE STRUCTURE EXPRESSINN
GENERATED WILL BE A FIELD WITH THE AE AND LE OF THE NAME PASSED TO
THE DESCRIBE OPERATOR AS A PARAMETER FOLLOWED BY AN END, THE
GENERATED DESCRIPTION IS LEFT IN NSS.

ALLOCATE (NAME)

ALLOCATE USES AN UNALLOCATED STRUCTURE IN NSS AND THE NAME OF AN
ALLOCATED STRUCTURE. THE yUNALLOCATED STRUCTURE IN NSS IS EVALUATED
TO SEE IF THE FIRST STRUCTURE EXPRESSION IS A CALL OR A SEGMENT
NUMBER, FIELD., IF IT 1S NEITHER», AN ILLEGAL OPERATION FAULT IS SET,
IF IT 1S A CALL» THE NAME OF THE ALLOCATED STRUCTURE IS PASSED TO
THE CALLe IF IT IS A SEGMENT=NUMBER FIELD» THE NAMED DESCRIPTOR OF
THE ALLOCATED STRUCTURE IS EXECUTED IN ENTER MODE,
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THE RESULTING REFERENCE IS PASSED TO THE FIELD EXPRESSION OF THE
UNALLOCATED STRUCTURE, THE DOESCRIPTION OF THE NEwWLY ALLOCATED
STRUCTURE IS LEFT ON NsS,

BIND (NAME)

THE BIND OPERATOR IS GIVEN THE NAME OF AN ALLOCATED STRUCTURE AND
AN UNALLOCATED STRUCTURE IN NSS, THE DESCRIPTION OF THE
UNALLOCATED STRUCTURE IS EVALUATED TO SEE IF THE FIRST STRUCTURE
EXPRESSION IS A CALL OR A SEGMENT NUMBER» FIELD, IF IT IS NEITHER
AN ILLEGAL OPERATION FAULT IS SET, IfF IT IS A CALL THE NAME OF THE
ALLOCATED STRUCTURE IS PASSED TO THE CALL., IF IT IS A SEGMENT-
NUMBER=fFIELD» THE NAMED DESCRIPTOR OF THE ALLOCATED STRUCTURE 1§
EXECUTED IN CONSTRUCT MODE,

THE RESULTINGS REFERENCE IS PASSED 7O THE FIELD EXPRESSION OF THE
UNALLOCATED STRUCTURE, THE DESCRIPTION OF THE NEWLY ALLOCATED
STRUCTURE IS LEFT ON NSS,

SHORTEN (NAME)

THE SHORTEN OPERATOR FETCHFES THE NAMED DESCRIPTOR, SHORTEN
EXECUTES THE FIRST TERM OF THE STRUCTURE EXPRESSION THAT 1S NOT
SEGMENT NUMBER OR FIELD, AND REPLACES THAT TERM WITH THE DERIVED
FIELD EXPRESSTIONy CONSECUTIVE FIELD EXPRESSIONS ARE COMBINED, THE
OPERATOR YIELNDS A NEW DESCRIPTOR IN NSS,

FINAL COMBINE

FINAL CcOMBINE USES THE SEGMENT NUMBER AS A DISPLACEMENT INTO RL TO
FIND THE ABSOLUTE CONTAINER OF THE STRUCTURE, THIS ABSOLUTE
CONTAINER IS USED TO CALCULATE THE ABSOLUTE ADDRESS OF THE
STRUCTURE, THIS OPERATOR MAY BE EXPLICITLY CALLED ONLY IN
PRIVILEGED MODE, IN NORMAL MODEs THIS OPERATOR IS CALLED

IMPLICITLY EVERY TIME A LEVEL=1 OR LEVEL~2 FETCH OR STORE IS MADE,

SET ATTRIBUTES

THE ACCESS AND INTERPRETER ATTRIBUTES IN THE DESCRIPTION IN NSS ARE
REPLACED BY THE VAL UE FROM vSS,
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STACK OPERATORS

DUPLICATE

THE DOUPLICATE OPERATOR PDQUPLICATES THE CONTENTS OF NSS, IF THE
CONTENTS OF NSS CONTAIN A REFERENCE Tn vSS» THE CONTENTS OF VSS ARE
ALSO DUPLICATED,

DELETE

THE DELETE OPERATOR DELETES THE CONTENTS OF NSS, IF THE CONTENTS
OF NSS CONTAIN A REFERENCE TO vSS, THE CONTENTS OF VSS ARE ALSO
DELETED,

EXCHANGE

THE EXCHANGE OPERATOR EXCHANGES THE TOP TWO ENTRIES OF NSS. IF
BOTH ENTRIES OF NSS CONTAIN REFERENCES TO vSS» THE TOP TWO ENTRIES
OF VSS ARE ALSDO EXCHANGED.

VSS TO NSS

THIS OPERATOR MOVES THE CONTENTS OF vSS TO NSS, THE vSS ENTRY IS
REMOVED FROM VSS AND ENTERED INTO NSS,

NSS TO vSS

THE CONTENTS OF NSS ARE ENTERED INTO VSS AND A REFERENCE TO THE NEW
VSS ENTRY REPLACES THE ORIGINAL IN NSS, THE NEW ENTRY IS
CLASSIFIED AS A LOGICAL FIELD,
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PROGRAM CONTROI. OPERATORS

LOOP (NAME)

LOOP IS USED T0O BEGIN A PROGRAM LODOP. THE OPERATOR ASSUMES A
CONTROL VARIABLE ExISTS 1IN VvSS PRIOR TO EXECUTION OF THE LOOP
OPERATOR. THE OPERATOR CAUSES A SUBROUTINE CALL ON THE NAMED
SUBPROGRAM, THE TOP OF P IS OUPLICATED PRIOR TO THE ACTUAL
EXECUTION UF THE SUBPROGRAM,.

LOOP TEST

LOOP TEST TESTS THE VALUE OF THE VARIABLE IN vS8S, IF IT IS LESS
THAN ZERO» P» VSS, AND NSS ARE DELETED CAUSING A RETURN TO THE
OPERATOR FOLLOWING THE LOOP OPERATOR. IF THE VALUE 1S GREATER THAN
OR EQUAL TO ZERO» P IS DUPLICATED AND EXECUTION RESUMED FROM THE
START OF THE LOOP ROUTINE,

BRANCH == BRANGCH CONDITIONAL
BRANCH CAUSES A CHANGE IN PROGRAM CONTROL.

If THE DESCRIPTION AT THE TOP OF N DESCRIBES DATA, THE DATA IS USED
AS A PpARAMETER TO SEQUENCE THE CURRENT PROGRAM VECTOR TO YIELD A
NEw P SETTING, THE DATA MUST BE RINARY SIGNED INTEGER, NORMAL
BOUNDS CHECKING IS PERFORMED,

IF THE DESCRIPTION AT THE TOP OfF N DESCRIBES PROGRAM» THAT
DESCRIPTION REPLACES THE CURRENT PROGRAM CONTAINER DESCRIPTION,

IF THE DESCRIPTION AT THE TOP OF N DESCRIBES ANOTHER DESCRIPTION»
THIS NEw DESCRIPTION IS EVALUATED.

WHEN BRANCH CONDITIONAL IS USED» THE BOOLEAN AT THE TYOP OF Vv IS
TESTED. IF 1T 1S rFALSE, THE ABOVE ACTION IS PERFORMED AFTER THE
BOOLEAN AND ITS REFERENCE HAVE BEEN DELETED FROM V AND N« IF THE
VALUE 1S TRUE» EXECUTION PROCEEDS NORMALLY.
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HALT

PROVIDES A MEANS OF PROGRAMMATICALLY STOPPING A PROCESSOR PRIOR TO
THE NEXT OPERATOR FETCH,

THIS OPERATOR IS CONTROLLED BY A SWITCHs IF THE SWITCH IS IN THE
"HALT™ POSITION THE OPERATOR IS EXECUTED, IF THE SWITCH IS IN THE
®CONDITIONAL HALT® POSITION THE CONTENTS OF P ARE COMPARED AGAINST
THE CONTENTS OF THE CONDITIONAL HALT REGISTER. 1IFf THE COMPARISON
IS EQUALs THE OPERATOR IS EXECUTED} OTHERWISE» IT IS TREATED AS A
NO=0P,

IF THE SWITCH IS IN "NORMAL"™ POSITION THE OPERATOR IS TREATED AS A
NO=0P,

NO=0P
NO=OP CAUSES P TO BE UPDATED AND THE NEXT OPERATOR TO BE EXECUTED,

PROCEDURE CONTROL OPERATORS

SLICE

SLICE ENTERS A DISPLAY CONTROL WORD ¢DCW) INTO NSS AND PERFORMS AN
ENTER ¢N). A BIND OPERATION, WHICH USES THE CREATED REFERENCE AS
THE ALLOCATED STRUCTURE AND A VECTOR TEMPLATE (TN) AS THE

UNALLOCATED STRUCTURE, IS PERFORMED, THE CURRENT LL IS INCREASED
BY ONE, THE NEW LL IS USEL AS A PARAMETER TO PERFORM AN ENTER (D).
THE NEW VECTOR DESCRIPTION IS STORED INTO D. THE OPERATOR THEN
PERFORMS AN ENTER (V) AND DELETES THE REFERENCE CREATED.,

UNSLICE

UNSLICE USES THE CURRENT LL 70 PERFORM A REMOVE(D)», AND THE CURRENT
LL 1S DECREASED BY ONE,

A REMOVE (N) IS PERFORMED AND THE CREATED REFERENCE IS DELETED., A
REMOVE (V) IS PERFORMED AND THE CREATED REFERENCE IS DELETED.
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PROCEDURE RETURN
PROCEDURE RETURN INVOKES A RETURN FROM A PROCEDURE OR FUNCTION,

THE REFERENCE PRODUCED BY A REMOVE (N) IS DELETED, THE REFERENCE
PRODUCED BY A REMOVE (v) IS DELETED, IF THE PARAMETER ATTRIBUTE IS
TRUE» THE ENTRY IN D INDICATED BY THE CURRENT LL IS REMOVED AND THE
REFERENCE PROOUCED 1S DELETED.

IF THE FUNCTION ATTRIBUTE IS TRUE» THE REMOVE D OPERATION IS
REPEATED» AND AN UNSLICE IS PERFORMED ON N AND v, USING THE DCw IN
NSS AS THE FIRST ELEMENT OF A nCw LIST, A DISPLAY UPDATE IS
PERFORMED,

THE REFERENCE CREATED By A REMOVE ON P IS DELETED, THE NEXT
OPERATOR wWILL BE FETCHED FROM THE PROGRAM DESCRIBED BY THE NEwW P
ENTRY,

COROUTINE OPERATORS

COROUTINES ARE ESTABLISHED BY ALLOCATING Ds N» Vs AND P, THE
DESCRIPTIONS OF THESE STRUCTURES ARE RETAINED IN THE CURRENTLY
ACTIVE N, THE CODE FOR THE CORQUTINE BEING ESTABLISHED IS
REFERENCED BY A DESCRIPTOR THAT 1S ENTERED INTO THE P OF THE
COROUTINE,

COROUTINE ACTIVATE (NAME)

THE COROUTINE ACTIVATE OPERATOR FINDS A REFERENCE TO THE D OF THE
COROUTINE TO BE ACTIVATED QN THE TOP OF Ne THE OPERATOR ENTERS THE
FOLLOWING RECORD INTO THE cD STACKS?

A, REFERENCE TO THE CURRENT D,
Be THE NAME PARAMETER Of THIS OPERATOR,

THE PROGRAM ENVIRONMENT IS CHANGED TO REFLECT THE COROUTINE BEING
ACTIVATED, ALLOCATION AND PRESENCE CHECKS ARE ALSO ACCOMPLISHED,

COROUTINE CALL C(NAME)

THE COROUTINE CALL OPERATQR TRANSFERS PROGRAM ENVIRONMENT FROM ONE
COROUTINE TO ANOTHER COROUTINE IN THE FAMILY OF CORQUTINES AT THIS
LEVEL, THE TRANSFER OF PROGRAM ENVIRONMENT IS ACCOMPLISHED BY
SAVING THE REFERENCES TQ THE CURRENT COROUTINE D» N» Vs AND P IN

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
Burroughs Defense, Space and Special Systems Group, Paoli, Pennsylvania.

26



2= 27
1761=2045

THE LOCATIONS SPECIFIED B8Y THE REFERENCES IN THE PARENT P, THE
ENTERING COROUTINES PROGRAM ENVIRONMENT IS FOUND AT THE LOCATION
INDICATED BY THE NAMED PARAMETER. THIS PROGRAM ENVIRONMENT IS NOW
ACTIVATED WITH THE C=ELEMENT BEING REPLACED BY THE NEW COROUTINE
FIELDS, ALLOCATION AND PRESENCE CHECKS ARE MADE AT ACTIVATE TIME,

COROUTINE END
COROUTINE END REMOVES THE TOP ENTRY IN THE C STACK, THE NEW TOP IS

USED T0D RESET THE D» N»o ys» AND P OF THE PARENT TO WHICM RETURN IS
BEING MADE,

PROCESS CALL OPERATORS

PROCESS PARAMETER (NAME)

PROCESS PARAMETER FETCHES THE NAMED ODESCRIPTION AND BUILDS A
REFERENCE BY EXECUTING THE NAMED DESCRIPTION, AN ABSOLUTE
REFERENCE IS CALCULATED BY FINAL COMRINE., THIS ABSOLUTE REFERENCE
IS ENTERED INTQ RSS.

PROCESS CALL

PROCESS CALL CREATES A SLICE IN R, MAPS A VECTOR ON THE REFERENCE,
AND ENTERS THE REFERENCE TQ THAT SLICE IN RL.

PROCESS END

PROCESS END REMOVES THE CURRENT SLICE IN R AND THE REFERENCE TO
THAT SLICE IN RL. THIS OPERATOR IS PRIVILEGED

MISCELLANEOUS DPERATORS

LITERAL

THE LITERAL OPERATOR PROVIDES A MECHANISM FOR INCLUDING LITERAL
OPERANDS IN A PRUGRAM STRING, OPERAND LENGTHS MAY BE 4, 8, 16» AND
32 BITSe THE OPERAND MAY BE PLACED IN EITHER NSS OR vSS DEPENDING
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UPON THE TRANSFER TYPE SPECIFIED IN THE LITERAL OPERATOR, IF THE
VALUE IS PLACED IN vSS THEN THE REFERENCE CONSTRUCTED IN NSS WILL
HAVE THE FOLLOWING PROPERTIES?

Ay ALL ACCESS ATTRIBUTES OFF,
Be STRUCTURE EXPRESSION SET TO FIELD WITH APPROPRIATE LENGTH,

Ce INTERPRETER ATTRIBUTE IS SET TO DATA, THE FORMAT SELECTOR 0OF
THE DATA IS SET FROM THE PREFIX OF THE LITERAL IN THE PROGRAM
STRING.

SET INTERRUPT

SET INTERRUPT CAUSES AN INTERRUPT TO BE SET IN THE DEVICE INDICATED
BY THE PARAMETER IN VSs (THE CHANNEL NUMBER OF THE UNIT). THE
POSITION WITHIN THE INTERRUPT REGISTER IN THE SIGNALED DEVICE IS
DETERMINED BY THE CHANNEL ASSIGNED TO THE DEVICE EXECUTING THE
INTERRUPT OPERATOR,

TEST INTERRUPT (NAME)

THIS OPERATOR TESTS THE INTERRUPT REGISTER, IF THERE WAS AN
INTERRUPT SET, THE 8IT IS CLEAREpDs THE RELATIVE BIT NUMBER IS
ENTERED INTO VvSS» AND A REFERENCE To IT IS ENTERED INTOD VSS. THE
NAME PASSED AS A PARAMETER WITH THIS OPERATOR IS TNE NAME OF THE
INTERRUPT=HANDLING SUBROUTINE., THIS SUBROUTINE IS NOW ENTERED. IFf
THERE WERE ND INTERRUPTS SET» THE NEXT OPERATOR 1S EXECUTED. THIS
OPERATOR MAY RE EXECUTED IN IMP MODE ONLY.

GET V SPACE

THIS OPERATOR IS USED TO ALLOCATE SPACE IN v AND TO CREATE A
REFERENCE IN N, THE OPERATOR WUSES THE DESCRIPTION OF AN
UNALLOCATED FIELD (N0 ADDRESS BUT WITH LENGTH AND FORMAT) IN NSS
AND PERFORMS AN ENTER IN V OF THAT LENGTH, THE COMPLETED REFERENCE
IS LEFT IN NSS,

IMP CALL

IMP CALL IS A MEANS BY WHICH A PROCESS EXECUTES PROCESSOR CONTROL
FUNCTIONS, IMP MAY BE ENTERED PROGRAMMATICALLY BY IMP CALL OR
AUTOMATICALLY BY FAULY, THE PROGRAMMATIC IMP CALL SETS THE PROGRAM
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FAULT BIT, THE PROCESS ENyIRONMENT CURRENTLY HELD IN THE PROCESSOR
IS SAVED IN THE PROCESS SPACE OF THE PROCESS DOING THE CALL. THEN
THE PROCESSOR IS LOADED WITH IMP STATE FROM THE IMP PROCESS SPACE,
AN IMP MODE FLIP=FLOP IS SET, THE NUMBER OF THE FAULT OR INTERRUPT
BIT THAT CAUSED THE IMP CALL IS ENTERED IN VSS,

IMP RETURN

IMP RETURN ESTABLISHES A PROCESS ENVIRONMENT BY LOADING THE
APPROPRIATE PROCESS STATE INTO THE PROCESSOR. IMP RETURN IS THE
REVERSE OPERATION OF IMp CALL, THE IMP MODE FLIP=FLOP 1S RESET,
THIS OPERATOR IS PRIVILEGED,

STUFF ENVIRONMENT

A POINTER TO THE CURRENT DCW ON NS IS STORED IN THE LEXICc LINK
PORTION OF THE PROGRAM DESCRIPTOR ON NSS, IF NSS DOES NOT CONTAIN
A PROGRAM DESCRIPTOR NO ACTION TAKES PLACE.,

SEQUENCE (NAME)

THE CURRENT ELEMENT POINTER, Ps» AND PRIOR ELEMENT POINTER» Q@» IN

THE STATE WORD OF THE FIRST LIST STRUCTURE INSTRUCTION ARE ADVANCED
TOWARD THE TAIL OF THE LIST BY SETTING Q TO P AND P TO THE LINK OF

;HE ELEMENT POINTED TO BY Pe IfF P IS UNDEFINED A SEQUENCE FAULT
CCURS,

RESET (NAME)

IN THE STATE WORD OF THE FIRST LIST INSTRUCTION OF THE NAMED
DESCRIPTIONs THE CURRENT ELEMENT POINTER» P» IS SET TO THE HEAD
POINTER» As» AND THE PRIOR ELEMENT POINTER» Q» IS SET TQO UNDEFINED.
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ARITHMETIC OPERATORS

THESE OPERATORS ARE DEFINED IN DETAIL IN SECTION 3 C(AU)S

TRANSFORM
ADD
SUBTRACT

MULTIPLY

MULTIPLY ADD

DIVIDE FOR INTEGER

DIVIDE FOR REMAINDER

DIVIDE FOR REAL

AND

OR

NOT

XOR
REDUCTION
REDUCTION
REDUCTION
CHARACTER
CHARACTER
CHARACTER
CHARACTER

AND

OR

XOR
COMPARE
COMPARE
COMPARE

COMPARE

EqQL
NEQ
GEQ
LEQ

CHARACTER COMPARE == GTR
CHARACTER COMPARE == LSS
TEST == EQL
TEST == NEQ
TEST

- GEQ
TEST == LEQ
TEST == GTR
TEST == LSS
CHARACTER MOVE
ABSOLUTE
NEGATE

SCALE

COMPARE == EQL
COMPARE == NEQ
COMPARE == GEQ
COMPARE == LEQ
COMPARE == GTR
COMPARE == LSS
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SECTION 3

ARITHMETIC UNIT

INTRODUCTION

THE ARITHMETIC UNIT (AU) PROVIDES THE CPU WITH THE CAPABILITY OF
PERFORMING ARITHMETIC, CHARACTER, AND LOGICAL OPERATIONS ON DATA
WITH THESE VARIABLE CHARACTERISTICS!

Ay OPERAND LENGTHS!?
THE AU ACCEPTS OPERANDS WITH LENGTHS FROM O TO 256 BITS,

2, ALL AU OPERATIONS WITH MULTIPLE INPUTS ACCEPT OPERANDS
WITH DIFFERENT LENGTHS,

Be OPERAND FORMATS:

1, SEVERAL NUMERICAL FORMAT ASPECTS ARE VARIABLE. THEY HAVE
BEEN CHOSEN TO MAXIMIZE EFFICIENCY IN OPERATING ON FREQUENTLY
USED NUMBER REPRESENTATIONS,

2, AU OPERATIONS WITH MULTIPLE INPUTS ACCEPT OPERANDS WITH
DIFFERENT FORMATS, WITH A LIMITED NUMBER OF EXCEPTIONS,

Ce OPERATION VARIANTS!

1. ONE VARIANT BIT DETERMINES HOW THE AU SELECTS THE QUTPUY
LENGTH AND FORMAT,

2, TWO VARIANT BITS DETERMINE THE MODE OF TRUNCATION EMPLOYED
BY THE AU DURING OPERATION,

3, ONE VARIANT BIT DETERMINES WHEN THE AU NORMALIZES OPERANDS,
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FUNCTION

THE AU OPERATES ON OPERANDS STORED IN THE TOP SPACES OF THE vSS.
THE LENGTHS AND FORMATS OF THESE OPERANDS ARE SPECIFIED BY THE
DESCRIPTIONS IN THE CORRESPONDING SPACES OF THE NSS. THE OPERATORS
ARE SUPPLIED B8Y THE INTERPRETERs, AND THE OPERATION VARIANTS ARE
DETERMINED BY A FOUR=BIT OmERATION VARIANT REGISTER,

THE POTENTIALLY COMPLEX ASPECTS OF DATA REPRESENTATION, INCLUDING
VARIABLE LENGTHS» VARIABLE FORMATS, EXTREME LENGTH» INTERLEAVED
NUMERIC AND NONNUMERIC DATA (IN NUMERIC CHARACTER STRINGS), ETC,,
REQUIRE THE AU T0O BE CAPABLE OF EXTENSIVE PROCESSING OF DATA AND
DATA DESCRIPTIONS. THIS PROCESSING 18 DONE IN AU REGISTERS. THUS,»
NO EXTRA PROCESSING CAPABILITY IS REQUIRED IN THE VALUE STACK AND
NAME STACK EXCEPT TO STORE RESULTS,

NUMBER REPRESENTATION BACKGROUND

THERE 1S A SIGNIFICANT REQUIREMENY FOR INTEGER ARITHMETIC, A
DISTINCY INTEGER FORMAT IS RECOGNIZED (AS OPPOSED TO REPRESENTING
INTEGERS IN A FLOATING=POINT FORMAT) IN ORDER TO SAVE STORAGE SPACE
AND IMPROVE OPERATION EXECyUTION TIME. THIS INTEGER FORMAT REQUIRFES
THAT THERE BE NO EXPONENT AND THAT THWE RADIX POINT BE AT THE RIGHT
OF THE DATA,

THE INTEGER [FORMAT IS EXTFNDED TO A FIXED=POINT FORMAT WITH THE
POSITION OF THE POINT SPECIFIED BY THE FORMAT, THIS IS DONE By A
LENGTH VALUE CALLED THE BIAS» WHICH CAN BE DESCRIBED AS A CONSTANT
EXPONENT, WHEN THE BIAS EQUALS ZERQOs THEN THE FIXED=POINT NUMBER
IS AN INTEGER, THE PURPQSE OF A FIXED=POINT FORMAT IS TO ALLOW A
REAL NUMBER T BE REPRESENTED WITHOUT FLOATING THE NUMBERs AND ITS
USE IS EQUIVALENT TO ATTACHING AN EXPONENT FIELD TO THE NUMBER,
THE LATTER METHOD IS INEFFICIENT FOR SOME APPLICATIONS,

SOME REAL NUMBERS MUST BE FLOATED, AND FOR THESE A FLOATING=POINT
FORMAT EXISTS, THE RADIX POINT IS AT THE LEFY OF THE MANTISSA» AND
THUS THE EFFICIENCY OF FLOATING=POINT OPERATIONS IS IMPROVED.

BECAUSE FLOATING=POINT NUMBERS INCLUDE TWwO VARIARLES» THE EXPONENT
AND THE MANTISS5A» THERE ARE ALWAYS SEVERAL POSSIBLE REPRESENTATIQNS
FOR THE SAME NUMBER. 1IN ApDITION» THE SIGNIFICANCE OF THE MANTISSA
CAN BE QUESTIONED AND MAY BE DIFFICULT TO DEFINE., THUS» THE Ay
FOLLOWS THESE PRINCIPLES IN OPERATING ON FLOATING=POINT NUMBERS:
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A, ALL NUMBERS WILL BE TREATED AS IF THEY ARE EXACT,

B, WITHIN THE LIMIT OF A PREDETERMINED OUTPUT LENGTH, ALL
POSSIBLE SIGNIFICANCE IS SAVED,

Co WHENEVER TRUNCATION OCCURS, THE OPERATION VARIANT RULES ARE
FOLLOWED,

BINARY AND CECIMAL NUMBERS ARE BOTH IN COMMON USAGE, BUT OTHER
ARITHMETIC WUNMITS GENERALLY HANDLE ONLY ONE TYPE, THE B8500 Ay
ACCEPTS EITHER BINARY NUMBERS OR DECIMAL NUMBERS (IN PACKED 4=BIT
BCD FORMAT) AND APPLIES THE SAME SEY OF OPERATORS AND VARIANTS TO
BOTH TYPES.

FIXED=POINT NUMBERS MAY BE REPRESENTED IN 8<BIT ASCII OR EBCODIC
CHARACTER FORMAT BECAUSE THESE ARE SIGNIFICANT CASES. FIXED=POINT
NUMBERS REPRESENTED 1IN SUCH AN UNPACKED FORMAT GIVE THE SAME
RESULTS AS IF THEY ARE REPRESENTED IN PACKED DECIMAL FORMAT» UNLESS
THE EXTRA LENGTH OF THE UNPACKED FORMAT BECOMES A FACTOR.

FLOATING=POINT NUMBERS MAY NOT BE REPRESENTED IN UNPACKED FORMAT,

NUMBER FORMAT VARIANTS

NUMBER TYPE (THREE BITS)

A. BINARY,
Be DECIMAL (PACKED BCD),

CQ ASCII.
D. EBCDIC.
€+ OCTAL,

SIGN TYPE (ONE BIT)

Ay UNSIGNED,

Bs SIGNED,
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EXPONENT TYPE (ONE BIT)

COeOOoee TR OGS ESEG Oawe

Ae FIXED POINT.
Be FLOATING POINT CILLEGAL IF ASCII DR EBCDIC),

EXPONENT LENGTH (FIVE BITS)

MAXIMUM LENGTH OF BINARY EXPONENTS IS 303 MAXIMUM LENGTH OF
DECIMAL EXPONENTS IS 24,

BIAS (NINE BITS)

OPERATION VARIANTS

OUTPUT LENGTN MODE CONE BIT)

Ae FIXED LENGTHs THE OUTPUT LENGTH IS EQUAL TO THE LENGTH OF THE
INPUT WHOSE FORMAT Is SELECTED T0O BE THE OUTPUT FORMAT,

Be VARIABLE LENGTH: THE AU DERIVES THE NATURAL LENGTH OF THE

OUTPUT» WHICH IS USUALLY THE MINIMUM REQUIRED TO SAVE THE
COMPLETE RESULT OF THE OPERATION,

TRUNCATION MODE (TwO BITS)

Ay NOYT ROUNDED» MAGNITUDE TRUNCATION: TRUNCATE TOWARDS Z2ERO.

Be NOT ROUNDEDs» ALGEBRAIC TRUNCATION: TRUNCATE POSITIVE NUMBERS
TONARD ZERO» NEGATIVE NUMBERS AWAY FROM ZERO,

Coe ROUNDEDs MAGNITUDE TRUNCATIONS ROUND ANWAY FROM ZEROD,.

De ROUNDEDs ALGEBRAIC TRUNCATION: ROUND POSITIVE NUMBERS AWAY
FROM 2ERO» ROUND NEGATIVE NUMBERS TOWARD ZERO,
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NORMALIZATION MODE CONE BIT)

[ L I X X FL 0L X X & X X J -oaw LY X X J Y X ¥ ]

Ao UNCONDITIONAL NORMALIZATIONS ALL FLOATING POINT RESULTS ARE
NORMALIZED,» INDEPENDENT OF THE INPUT(S) AND THE OPERATOR,

Be CONDITIONAL NORMALIZATIONS AL POSSIBLE SIGNIFICANCE 1S
SAVED, BUT NUMBERS ARE NOT NORMALIZED IF THERE IS NO SIGNIFICANCE
TO BE SAVED. THE RESULT OF MULTIPLY IS NORMALIZED UNLESS BOTH
INPUTS HAD ZERO EXPONENTS AND THE OuUTPUT CAN HAVE A ZERO EXPONENT
WITHOUT CAUSING A MANTISSA NVERFLOW,

OPERATORS

ARITHMETIC OPERATORS

A, INPUT FORMAT: NUMERICAL OPERANDS WITH VALID FORMATS AND WITH
LENGTHS NOT EXCEEDING 256 BITS, DIFFERENCES IN FORMAT AT THE
START OF A DYADIC OPERATION MAy CAUSE THE AU TO TRANSFORM AN
INPUT BEFORE THE ACTUAL OPERATION, SUCH AN IMPLIED TRANS=
FORMATION OPERATES IN A MANNER SIMILAR TD AN EXPLICIT TRANSFORM
OPERATOR, IF THE NUMBER BEING TRANSFORMED IS NOT AN INTEGER AND
THE TRANSFORMATION IS BETWEEN BINARY AND DECIMALs THEN A FAULT
RESULTS AND THE INPUTS ARE SAVED WITHOUT CHANGE,

B NUMERICAL COMPARET B OPPOSED TO A HAS THE SAME RESULT AS B
MINUS A OPPOSED TO O» AND THE POSSIBLITIES OF FAULTING ARE THE
SAME AS IN SUBTRACTION, THE RESULT IS A SINGLE=BIT» LOGICAL
OPERAND WHICH SIGNIFIES A TRUE TEST IF IT IS ONE. THE REFERENCE
TO THE RESYLT ESTABLISHES ITS LENGTH AND FORMAT, THE FORMAT IS
DETERMINED BY THE ARITHMETIC UNIT RY CONVENTION, THAT IS, THE Ay
ASSUMES THAT FORMAT #1 IS ALWAYS LOGICAL., IF SOME OTHER FORMAT
1S SPECIFIED ON FORMAT #1 THE RESULTS ARE UNDEFINED,

1, GREATER THANI B > A,

2, GREATER THAN OR EQUAL! B 2 A,
3. EQUAL: B = A,

4, LESS THAN OR EQUAL: B s A,

5 LESS THANS B < A,

6o, UNEQUALLT B # A,
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Co TRANSFORM: THE REPRESENTATION OF A IS CHANGED TO FIT THE
FORMAT AND LENGTH SPECIFIED By THME OUTPUT DESCRIPTION GIVEN IN
THE NSSe ANY COMBINATION OF A LEGAL INPUT NUMERICAL DESCRIPTION
AND A LEGAL OUTPUT NUMERICAL DESCRIPTION IS A LEGAL INPUT TO
TRANSFORM» UNLESS THE TRANSFORMATION INCLUDES A CHANGE BETWEEN
BINARY AND DECIMAL AND THE INPUT IS NOT AN INTEGER., IN THE
LATTER CASE» AN ILLEGAL TRANSFORMATION FAULT OCCURS.

Do OTHER ARITHMETIC OPERATORSts THE RESULT IS A NUMBER WITH THE
SAME FORMAT AS ONE OF THE INPUTSe IF THE INPUTS HAVE DIFFERENT
FORMATS» THE MORE GENERAL IS CHOSEN AS THE QUTPUT FORMAT, THE
OUTPUT LENGTH IS DETERMINED B8Y THE AU IN AGREEMENT WITH THE
OUTPUT LENGTH MODE BIT. IF A FAULT OTHER THAN ILLEGAL FORMAT OR
ILLEGAL TRANSFORMATION OCCURS» THEN THE INPUTS ARE LOST AND AN
UNDEFINED QUTPUT IS DEVELOPED,

1, ADD: B + A,

2, SUBTRACTI B = A,

3, MULTIPLY! B x A,

4, DIVIDE FOR INTEGER QUOTIENT: E/A,.
S, DIVIDE FOR REMAINDER: MOD B/A,

6, DIVIDE FOR REAL QUQTIENT) B/A,

7. NEGATE: = A ,

9, INTEGERIZE (¢ZERO THE EXPONENT AND ADJUST THE MANTISSA
ACCORDINGLY),

CHARACTER OPERATORS

A, INPUT FORMAT3 EIGHT=RIT ASCII OR EBCDIC CHARACTER STRINGS,
WITH NO LIMIT AS TO LENGTH,

Be EXPANSIONS IF AN INPUT IS EXTENDED» IT IS DONE BY ADDING THE
APPROPRIATE BLANK CHARACTERS AT THE RIGHT END OF THE STRING.

Coe CHARACTER COMPAREs TWOD ASCII OR TwO EBCDIC CHARACTER STRINGS
ARE CcOMPARED» THE SHORTER BEING EXPANDED TO EQUAL THE LONGER,
THE CcOMPARISON TREATS THE STRINGS AS UNSIGNED INTEGERS, THE
RESULY IS A ONE BIT LOGICAL OPERAND, SEE NUMERIC COMPARE FOR
RULES ABOUT REFERENCE TO RESULT,
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1, GREATER THANI B > A,
2, GREATER THAN OR EQuAL®Y B 2 A,
3, EQUALt B = A,
4, LESS THAN OR EQUAL; B § A,
Se LESS THANI B < A,
6, UNEQUAL: B # A,
D CHARACTER MOVEs THE AU EXPANDS OR TRUNCATES (ON THE RIGHT)
THE CHARACTER STRING TO FIT ITS DESTINATION SPACE IN LEVEL=™1!
gzg::?E. THE EXPANSION CHARACTER USED IS THE ASCII OR EBCDIC

A, FORMAT: INPUTCS) AND OUTPUT MUST BE LOGICAL OPERANDS, WITH
LENGTHS NOT EXCEEDING 256 BITS.

Bs RFEDUCTION LOGICAL OPERATORS: THE FOLLOWING LOGICAL OPERATIONS
COMBINE ALL THE BITS OF THE INPUT INTO A SINGLE=BIT RESULT,

1, REDUCTION AND,

2, REDUCTION INCLUSIVE OR,

3, REDUCTION EXCLUSIVE OR,
Ce OTHER |.DGICAL OPERATORS: IfF THERE ARE TWO INPUTS OF UNEQUAL
LENGTH» THE SHORTER INPUT IS ALIGNED ON THE LEFT WITH THE LONGER,
AND IS REPEATED UNTIL EQUAL IN LENGTH TO THE LONGER INPUT, THE
RESULT LENGTH IS THAT OF THE LONGER INPUT, THE FOLLOWING ARE
LOGICAL OPERATORS?

1. NOT,

2, AND,

3, INCLUSIVE OR,

4, EXCLUSIVE OR,
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NUMBER REPRESENTATION CONSTANTS

UNIVERSAL

A,

Co

ALL NUMBERS ARE TRUE MAGNITUDESs SIGNED OR UNSIGNED.

OPERAND SIGN POSITION:

1, BINARY, OCTAL,
POSITION JF OPERAND,

OR EBCDIC:

SIGNIFICANT CHARACTER.,

2, ASCIL
SIGN CODE:s
1. BINARY:s

A, O = POSITIVE,

Be 1 = NEGATIVE,

2, DECIMALS

A, 1100 = POSITIVE,

B, 110
3, ASCIIM
A, 1011
B, 1101
a, EBCDIC
A, 1100
8, 1101

L NEGATIVE-

= POSITIVE,
= NEG‘TIVEO

= POSITIVE,
= NEGATIVE.

5, UNDEFINED INPUT
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FLOATING=POINT
Ae RADIX POINT IS AT THE LEFT END OF THE MANTISSA
Be EXPONENT,

1, EXPONENT IS AN INTEGER LOCATED BETWEEN THE OPERAND SIGN AND
THE MANTISSA,

2, EXPONENT IS SIGNED IF AND ONLY IF THE FORMAT SIGN TYPE
INDICATES ®“SIGNED",

C. BIAS,

1, BIAS IS A SIGNED=MAGNITUDE INTEGER TO BE ADDED TO THE
OPERAND EXPONENT T0 ODERIVE THE ACTUAL EXPONENT,

2., BIAS MAGNITUDE HAS THE SAME FNRMAT AND BASE AS THE EXPONENT,
3, BIAS SIGN IS A SINGLE BIT! O = POSITIVE AND 1 = NEGATIVE
D. BINARY FLOATING=POINT,
1, EXPOMENT AND MANTISSA ARE BINARY,
2, RADIX IS TwO,
Eo OCTAL FLOATING=POINT,
1, EXPONENT AND MANTISSA RRE BINARY,
2, RADIX IS EIGHT,
Fo DECIMAL FLOATING=POINT,
1, EXPONENT AND MANTISSA ARE DECIMAL.
2, RADIX IS TEN,
Goe MANTISSA IS ALWAYS SIGNED,
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FIXED=POINT

A, RADIX POINT IS AT THE RIGHT END OF THE MANTISSA.
Be BIAS IS A SIGNED=MAGNITUDE BINARY=LENGTH FORMAT» THE VALUE OF

WHICH IS EQUAL TO THE NUMBER OF NUMERIC BITS OVER WHICH THE RADIX
POINT IS SHIFTED (NEGATIVE s SHIFT LEFTS POSITIVE ¢ SHIFT RIGHT),

CHARACTERS
A, NUMERIC CODE FOR HIGH=ORDER FOUR BITS,
1, ASCII s Of01,
2, EBCDIC & 1111,
Bs BLANK CHARACTER.
1, ASCII 3 0010 0000,

2, EBCDIC s 0100 0000,
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STANDARD CHARACTER REPRESENTATION

STANDARD REPRESENTATION OF CHARACTER DATA IN THE SYSTEM INCLUDES 4=
BIT PACKED INTEGERS AND 8=BIT UNPACKED ASCII OR EBCDIC CHARACTERS,
IN THE PACKED FORMAY DATA IS INTERPRETED IN UNITS OF FOUR BITS,

THE INTERNAL COOE IN 4=8IT FORMAT AS INTERPRETED BY THE ARITHMETIC
UNIT ISt

CODE VALUE
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 4
1000 8
1001 9
1010 UNDEFINED
1011 UNDEFINED
1100 UNDEFINED
1101 UNDEF INED
1110 UNDEF INED
1111 UNDEF INED

IN 8-BIT FORM, DATA IS INTERPRETFD IN UNITS OF EIGHT BITS,
STANDARD 8<=BIT CODE INTERPRETATIONS INCLUDE EBCDIC AND AN 8=BIT
EXTENSION OF ASCII, WHEN A SIGN Is SPECIFIED» IT IS INTERPRETED AS
THE HIGH*ORDER FOUR BITS OF THE MOST SIGNIFICANT CHARACTER,
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TRANSFORMATIONS INVOLVING NUMERIC CHARACTER DATA

IN ALL CASEY INVOLVING TRANSFORMATIONS OF CHARACTER FIELDS»
ROUNDING ARITHMETIC MAY BE IMPOSED, THIS ROUNDING 1S APPLIED TO
THE INPUT FIELD PRIOR TQ THE ACTUAL COMPLETION OF THE DATA MOVE,
BUT THE EFFECTS OF THE ROUNDING ARITHMETIC ARE CONSIDERED IN
DETERMINING OVERFLQOW,

IN ALL CASES WHERE SCALE (BIAS) IS SPECIFIED FOR THE RESPECTIVE
FIELDS IN A TRANSFORMATIONs THE INPUT SCALE 1S ADJUSTED TO THE
RESULT SCALE WHILE THE INDICATED TRANSFORMATION IS BEING PERFORMED,

WHEN 4«BIT 71O B8+<BIT TRANSFORMATION IS INDICATEDs» THE MOST
SIGNIFICANT FfOUR BITS OfF THE RECEIVING FIELD ARE SET 7O THE CODE
WHICH INDICATES THE NUMERIC SUBSET (OF THE SELECTED 8=BIT CODF,
THIS CODE IS 1111 IN THE CASE OF EBCDIC AND 0101 IN THE CASE OFf
ASCII, WHEN SIGNED DATA IS INDICATED FOR THE RESULT» THE HIGH=
ORDER fpOUR BITS OF THE MOST SIGNUFICANT CHARACTER IN THE FIELD ARE
SET TO THE APPROPRIATE COODE AS DESCRIBRED ABOVE,

LEADING OR TRAILING ZERO CHARACTERS ARE SUPPLIED YO FILL THE RESULT
FIELD AFTER THE APPROPRIATE SCALE ADJUSTMENT, IF ANY» HAS BEEN
ACCOMPLISHED., IF NONZERO LEADING CHARACTERS WOULD BE TRUNCATED AS
A RESULT OF THE TRANSFORMATION» THE OVERFLOW FAULT IS SET,

WHEN 8<BIT 7TD 4=BIT TRANSFORMATION 1S INDICATED AND THE RECEIVING
FIELD SPECIFIES SIGNED DATA» THE APPRNPRIATE SIGN CODE 1S GENERATED
AS DEScRIBED ABOVE, NORMAL SCALE AND/OR ROUNDING ARITHMETIC IS
APPLIED,

WNHEN 4<BIT TOg 4~BIT TRANSFORMATION IS INDICATED, THE FIELDS ARE
TREATED AS SIGNED OR UNSIGNED INTEGER FIELDSs, IF THE INPUT FIELD
IS SHORTER THAN THE RESULT FIELD AFTER SCALE ADJUSTMENT, LEADING
ZERO CHARACTERS ARE SUPPLIED TO MAKE THE SIZE OF THE INPUT CONFORM
TO THE RESULT SIZE, IF THE INPUT FIELD IS LONGER THAN THE RESULT
FIELD AFTER SCALE ADJUSTMENTS AND NONZERO INTEGER VALUE CHARACTERS
WOULD BE TRUNCATED» THE OVERFLOW FAULT 1S5 SET,
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SECTION &

PROCESSES

PROCESS HIERARCHY

IN THIS SECTION THE TERM "PROCESS® IS USED TO DESCRIBE THE
ASSOCIATION OF A PROCESSOR AND AN ADDRESS SPACE, THE ADDRESS SPACE
IS THE SET OF ALL STORAGE THAT IS ACCESSIBLE BY THE PROCESS. A
PROCESS IS AN EXECUTION QF SOME PROGRAM CODE 8Y A PROCESSOR, THE
WORK SPACE OF THE PROCESS INCLUDES ALL INFORMATION PRIVATE TO THIS
EXECUTION, IN THIS SENSE A PROCESS IS A DYNAMIC ENTITY, THE
0BJECT OF THE PROCESS IS THE CHANGE OF STATE OCCURRING WITHIN ITsS
ADDRESS SPACE,

THE MOST ELEMENTARY PROCESS IS A SERIAL EXECUTION OF OPERATORS BY A
SINGLE PROCESSOR. A PROCESS HIERARCHY IS ESTABLISHED BY
PARTITIONING A PROCESS INTO SUBPROCESSES, A SUBPROCESS IS A
PROCESS WHOSE ADDRESS SpACE IS PROPERLY INCLUDED IN THE ADDRESS
SPACE o0oF ITS IMMEDIATE PARENT PROCESS, MULTIPROCESSING AND
PARALLELISM OF EXECUTIONS ARE ATTAINED IN THE 88500 BY SUBDIVIDING
A PROCESS INTD SUBPROCESSES. THE PARENT OF EVERY PROCESS IN THE
SYSTEM IS CALLED THE GLOBAL PROCESS, ITS WORK SPACE INCLUDES ALL
AVAILABLE STORAGE SPACE IN THE SYSTEM» AND IT IS THE ANCESTOR 0OF
ALL PROCESSES,

BOOTSTRAPPING THE SYSTEM IS ACCOMPLISHED BY INITIALIZING THE
ADDRESS SPACE OF THE GLOgAL PROCESS AND ESTABLISHING EXECUTION OF
THE PROCESS BY ASSOCIATING A GIVEN PROCESSOR WITH THIS SPACE
(STARTING EXECUTION AT SOME PREDETERMINED POINT),

IN THE FOLLOWING DISCUSSION, THE TERM "PROCESS®™ IS USED TO DENOTE
AN ELEMENTARY PROCESS, THE TERM "COMPOUND PROCESS™ OR "PROCESS
SUBTREE™ IS USED TO DENOTE A SET OF SUBPROCESSES OR THE TREE
STRUCTURE OF PROCESSES,
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WORK SPACE

THE ADDRESS SPACE OF A PROCESS MAY EXTEND OVER THREE LEVELS OF
STORAGEs LEVEL=1» LEVEL=2» AND LEVEL=3, REFERENCES TO THE WORK
SPACE OF A PROCESS ARE RELATIVE TO THE DEFINITIONS OF THE
PHYSICALLY ALLOCATED WORK SPACE AND ARE BOUND ON ACCESS BY THE
FINAL COMBINE OPERATION, EACH PROCESSOR» WHEN ASSOCIATED WITH
SUBPROCESS WORK SPACES» STACKS THE DEFINITION OF THE NEW WORK
SPACES IN ITS PROCESSOR RESOURCE STRUCTURE.

THE INDIVIOUAL PROCESS RESOURCE STRUCTURE PERMITS EACH PROCESSOR TO
KEEP TRACK Of ITS PATH INTO THE TREE OF PROCESSES FROM THE GLOBAL
PROCESS SPACE TO THE PROCESS SPACE WITH WwHICH IT IS CURRENTLY
ASSOCIATED.

PROCESS RESOURCE STRUCTURE

PeooTEee POPESGWPRE® SeEeGeoe®

THE PROCESS RESOURCE STRUCTURE IS THE MECHANISM USED TO PASS ALL
RESOURCES BETWEEN PROCESSES OF THF PROCESS TREE, THE RESOURCE
STRUCTURE IS AN INTEGRAL PART OfF THE RESOQOURCE PROTECTION SCHEME,
THERE IS A RESOURCE STRUCTURE FOR EACH PROCESSOR IN THE SYSTEM, AS
THE PROCESSOR MOVES LEAFWARD IN THE PROCESS TREE, ALLOCATED
RESOURCES ARE STACKED IN THE PROCESSORS RESOURCE STRUCTURE, AS THE
PROCESSOR MOVES ROOTWARD RESOURCES ARE REMOVED FROM THE STRUCTURE,
IN THIS WAY THE RESOURCE STRUCTURE(S) CONTAIN ALL DYNAMICALLY
ALLOCATED RESOURCES ALONG THE PATH FOLLOWED BY THE PROCESSOR(S)
THROUGH THE PpPROCESS TREE, THE RESOURCE STRUCTURES ARE TOTALLY
ALLOCATED OUTSIDE OF THE PROCESS TREE AND THEREFORE ARE NOT
ACCESSABLE BY THE PROCESSES, IMP 1S THE ONLY PROCESS WHICH MAY
DIRECTLY ACCESS ENTRIES IN THE RESQURCE STRUCTURE,

THE RESOURCE STRUCTURE CONSISTS OF A SUBSTRUCTURE CALLED R WHICH
CONSISTS OF A PUSHDOWN MAPPED ONTQ A STACK. THE ENTRIES IN THE
STACK DESCRIBE THE INDIVIDUAL RESOURCES WHICH HAVE BEEN ALLOCATED.
THE ENTRIES IN THE PUSHDOWN REPRESENT THE PARTITIONING OF THESE
RESOURCES BY PROCESS, A GIVEN PROCESS MAY PASS RESOURCES 7O A
SUBPROCESS BY EXECUTING THE PROCESS PARAMETER OPERATOR. THESE
RESOURCES ARE PLACED ON ToP OF THE RESOURCE STACK (RSS), WHEN THE
SUBPROCESS IS ENTERED (PROCESS CALL) THE COLLECTION OF RESOURCES ON
TOP OF R ARE BOUND TOGETHER BY MAKING AN ENTRY IN THE PUSHDOWN, A
REFERENCE TO THE BOUND RESOURCES IS PLACED IN A DISPLAY STRUCTURE
CALLED RR. THIS REFERENCE IS A VECTOR DESCRIPTION WHICH ALLOWS
ACCESSING OF TWE BOUND SEGMENT CONTAINER DESCRIPTIONS BY INDEX (SEG.
CONTAINER NUMBER),
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ALlLL RESOURCES PLACED IN THE RESOURCE STRUCTURE ARE FINAL COMBINED
PRIOR TO ENTRY INTO THE STRUCTURE» AND THEREFOREs REPRESENT
ABSOLUTE RESOURCES, THE SELECTION OF THE PROPER RESOURCE CONTAINER
FROM THE RESOURCE STRUCTURE IS ACCNOMPLISHED BY USING THE SEGMENT
NUMBER WHICH IS PART OF EVERY TERMINAL DESCRIPTION,
IT SHOULD BE NOTED THAT THE ONLY RESNDURCES ACCESSABLE BY A PROCESS
ARE THOSE WHICH ARE CURRENTLY ON TOP OF THE RESODURCE STRUCTURE
PUSHDONND I‘E.! IN RS.
A TYPICAL ENTRY IN THE RESQURCE STRUCTURE CONSISTS OF3

A, STORAGE LEVEL.,

Be READ FAULT,

e WRITE FAULT,

De SUBSTORAGE LEVEL,

E, ABSOLUTE FIELD DESCRIPTION,
STORAGE LEVEL AND SUBSTORAGE LEVEL DEFINE THE KIND OF RESOURCE,

READ FAULT ALLOWS A PARKENT TO GAIN CONTROL IF THE SUBPROCESS
ATTEMPTS TO READ THE ASSOCIATED RESOURCE.

WRITE FAULT ALLOWS A PARENT TO GAIN CONTROL IF THE PROCESS ATTEMPTS
TO WRITE INTO THE ASSOCIATED RESOURCE,

THE FIELD DESCRIPTION DEFINES THE RESOURCE,
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FIGURE 4=1, PROCESS RESOURCE STRUCTURE
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PROTECTION

PROTECTION OF A PROCESS AGAINST A FAULTY SUBPROCESS MAY BE OBTAINED
BY THE ESTABLISHMENT OF PROTECTION AT THE TIME THE PROCESS IS
CREATED, THE PROTECTION IS ACCOMPLISHED WITH THE IMPOSITION BY THE
PARENT PROCESS OF AN ADEQUATE RESTRICTION ON THE RESOURCE
DESCRIPTIONS OF THE SUBPROCESS, THIS RESTRICTION, IN FACT, IS THE
STIPULATION THAT THE ADDRESS SPACE Or THE SUBPROCESS IS LIMITED TO
THE WORK SPACES AND RESQURCES GIVEN TO THE SUBPROCESS., SHOULD A
PROCESS ATTEMPT TDO MAKE AN ACCESS OUTSIDE ITS RESOURCESs, A FAULT
WILL RESULT. PROTECTION IS ACHIEVED THROUGH THE USE OF THE FINAL
COMBINE OPERATION,

IN LEVEL=1 AND LEVEL=2, FINAL COMBINE OPERATES AS DESCRIBED IN THE
SECTION 2 OPERATOR DESCRIPTIONS, IN LEVEL=3 THE FINAL COMBINE
OPERATION IS IMPLEMENTED ySING LEVEL=3 DEFINITIONS IN THE RESOURCE
STRUCTURE, A WORK SPACE IN LEVEL=3 IS A LIST OF INTEGERS USED AsS
INDEXES INTO THE PARENT RESOURCE LIST. FINAL COMBINE USES THE
RESOURCE STRUCTURE TO FIND THE ABSOLUTE REFERENCE IN THE LIST Of
THE GLOBAL PROCESS WORK SPACE. THE RESOLUTION OF LEVEL*"3 IS TO THE
DEVICES,

FAULTS AND INTERRUPTS

L X X A X J -mee LE XL N X X X X & 4 J

A DISTINCTION IS MADE BETWEEN PROCESS=DEPENDENT AND PROCESS=
INDEPENDENT INTERRUPTS, THE FORMER ARE CALLED FAULTS» AND THE
LATTER ARE CALLED INTERRUPTS, FAULTS ARE DETECTED BY THE PROCESSOR
AS PART OF THE CURRENT EXECUTION, AMONG THE FAULTS DETECTED ARE}
Ay ARITHMETIC=UNIT=DETECTED FAULTS,
1, OVERFLOW,
2. UNDERFI.OW,
3, DIVIDE BY ZERD,
4, ILLEGA|. FORMAT,
5. ILLEGAL. OPERATION.
6, ARITHMETIC BUFFER OVERFLOW,
Bs INTERPRETER=DETECTED FAULTS,

1. LEVEL"1» LEVEL=2, AND LEVEL=3 FINAL=COMBINE OUT=O0F=BOUNDS
(RESOURCE SPACE),
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2, LEVEL=1» LEVEL®"2, AND LEVEL~3 FINAL=COMBINE ACCESS
PERMISSION FAULT,

3, DESCRIPTION EXECUTION RESULTING IN A CONTAINER SPACE OUT~
OF=BOUNDS,

4, ILLEGAL OPERATOR,
5, OPERATOR I[MP CALL SET,
6, TIMER RUN 0UT,
Ce HARDWARE MALFUNCTIONS,
1, PARITY ERROR ON LEVEL=1 ACCESS,

2, NO ACCESS TO LEVEL=-1,

FAULTS
THESE FAULTS EXIST:

A, INTERNAL: THE PARENT PROCESS ASSUMES THAT ITS SUBPROCESS WILL
HANDLE THE FAULT,

B EXTERNALY THE PARENT PROCESS WANTS TO RECEIVE CONTROL ON THE
OCCURRENCE OF THIS FAULT IN THE COMPOUND PROCESS,

Ce LOCALLY EXTERNAL® THE PARENT PROCESS WANTS TO RECEIVE CONTROL
ON THE OCCURRENCE OF THIS FAULT IN THE SUBPROCESS (AS AN ELEMENTARY
PROCESS),

BECAUSE THEY ARE PROCESS=DFPENDENT, FAULTS INTERNAL TO A PROCESS
MAY BE PASSED BY THAT PROCESS TO A SURPROCESS AS INTERNAL FAULTS.
A MASK DEFINES WHICH FAULTS ARE INTERNAL FAULTS. AN INTERNAL FAULT
IS HANDLED By AN ACCIDENTAL ENTRY T0O THE HANDLING PROCEDURE, THE
PROCESSOR REMAINS ASSOCIATED WITH ITS CURRENT WORK SPACE» AND THE
STACKS OF THE PROCESS ARE uSEN,

NON=INTERNAL FAULTS, CALLED EXTERNAL FAULTS» ARE RECOGNIZED BY THE
INTERPRETER HARDWARE WHICH PERFORMS AN IMP CALL OPERATOR, THIS
MECHANISM ALLOWS A PROCESS TO BE SIGNALED AND ACTIVATED ON
OCCURRENCE OF A SUBPROCESS FAULT,

EXTERNAL FAULTS MAY IMPLY STGNALING THE IMMEDIATE PARENT (LOCALLY
EXTERNAL) OR ANY ANCESTQOR PROCESS WHICH OWNS THE FAULT AS AN
INTERNAL FAULT, SIGNALING THE OCCURRENCE OF AN EXTERNAL FAULT IS
IMPLEMENTED By ENCODING THE FAULT NUMRER IN THE VALUE STACK OF IMP,
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THE PROCESSOR THEN LEAVES THE PROCESS SPACE OF THE FAULTING PROCESS
AND REINITIATES ITSELF BY IMP,

THE RULE FOR PROPER NESTING OF FAULTS IS THAT EXTERNAL FAULTS TO A
PARENT PROCESS MUST REMAIN EXTERNAL TO A SUBPROCESS AND LOCALLY
EXTERNAL FAULTS MAY BECOME EXTERNAL OR REMAIN LNCALLY EXTERNAL TO
THE SUBPROCESS, INTERNAL PARENTAL FAULTS MAY BECOME EXTERNAL>»
LOCALLY EXTERNAL» OR INTERNAL TO THE SUBPROCESS, THIS NESTING IS
INSURED BY THE PROCESS CALL OPERATQOR,

EXAMPLES OF FAULT HANDLING CAPABILITY ARE!
A, A DIVIDE BY ZERO FAULT MAY BE HANDLED INTERNALLY,
By A TIMER RUN QUT MAY BE EXTERNAL OR LOCALLY EXTERNAL,

Ce A MEMORY PARITY ERROR WILL BE EXTERNAL FOR ALL PROCESSES
BEYOND THE GLOBAL PROCESS.,

INTERRUPTS

INTERRUPTS ARE PROCESS INDEPENDENT IN THAT THEIR OCCURRENCE IS NOT
CONTROLLED B8Y THE CURRENT EXECUTION OrF A PROCESSORs INTERPROCESSNR
COMMUNICATION AND I/0 COMPLETINON (LEVEL=3 MOVES) ARE EXAMPLES OF
INTERRUPTS, A MATRIX OF 16 x 16 HALF=DUPLEX BUSES ALLOWS ANY
PROCESSOR» I/0 MODULEs OR MEMORY EXTENSION CONTROLLER (MEC) TO
INTERRUPT ANY QOTHER MODULE,

THE SENSING OF AN INTERRUPT BY THE PROCESSOR FORCES THE EXECUTION
OF AN IMP CALL. THEREFORE» INTERRUPTS ARE INVISIBLE TO THE
PROCESSES. ONLY IMP IN EAcH PROCFSSOR CAN TREAT INTERRUPTS OR SEND
INTERRUPTS TO OTHER MODULES,

EACH MODULE MAY COMPLEMENT THE INTERRUPT BY A MESSAGE LEFT IN A
LEVEL=1 INTERCOMMUNICATION ARRAY COMMON TO ALL IMPSs THROUGH THE

USE OF THIS INTERRUPY FACILITY AND THWE LEVEL=! MAILBOX» PROCESSORS
CAN COMMUNICATE wWHEN PERFORMING IMP FUNCTIONS, USING THE SAME

MECHANISM», AN I/0 MODULE DR MEC MAY SEND INTERRUPTS TO ANY
INTERPRETER,

TYPES OF PROCESSES

IN THE HIERARCHY» THERE ARE TWO TYPES OF PROCESSES CALLED LEAVES
AND NODES, LEAVES ARE PROGRAMS THAT ARE EXECUTED 1IN THE
CONVENTIONAL SENSE3 USER PROGRAMS IN CURRENT MULTIPROCESSING
SYSTEMS ARE GOOD EXAMPLES OF LEAVES, !
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THE FUNCTIONS A LEAF PROCESS PERFORMS ARE?
Ao RELEASES ITS PROCESSOR,

Be REQUESTS A SERVICE OoF 1TSS PARENT PROCESS AND WAITS UNTIL THE
REQUEST IS ACKNOWLEDGED BY THE PARENT,

Co INITIATES ASYNCHRONQUS MOVES TN AND FROM LEVEL=2 AND LEVEL=3
(RELEASING THE PROCESSOR AND WAITING FOR COMPLEYION),

D EVOLVES INTO A NODE PROCESS BY SPAWNING SUBPROCESSES AND
ASSUMING THEIR MANAGEMENT AND CONTROL,

A NODE PROCESS HAS FOR ITS ONLY TASK THE CONTROL OF ITS
SUBPROCESSES,

BECAUSE A NODE MUST ALWAYS BE IN A POSITION TO RECEIVE A PROCESSOR
BOTH FROM SUBPROCESSES AND FROM ITS OWN PARENT PROCESS» A NODE CAN
NEVER WAIT ON AN EVENT3} IN OTHER WORNS» 1T MUST ALWAYS BE POSSIBLE
TO ACTIVATE A NODE BY PASSING A PROCESSOR TO T, THE FOREGOING
STATEMENT IS OF PRIME IMPORTANCE IN THE DESIGN OF A HIERARCHICAL
SYSTEM, IT 1S ESPECIALLY IMPORTANT Tn THE OPERATING SYSTEM DESIGN,

FOR ExXAMPLE» A NODE CAN SERVICE A REQUEST FOR MORE RESOURCES FROM A
SUBPROCESS OR SOME PROCESSING FROM ITS PARENT, IT MAY FIND THAT A
MESSAGE MUST BE DISPATCHED TO ANOTHER SUBPROCESS OR THAT IT MUST
PASS THE MESSAGE TO ITS PARENT OR ANY COMBINATION OF THE ABOVE.,

DISPATCHING AND SCHEDULING ARE THE MEANS BY WHICH PROCESSES ARE
CONTROLLED, THMESE TERMS ARE DEFINED AS FOLLOWS:?

Ao DISPATCHING! THE ACTION INVOLVED IN RECOGNIZING REQUESTS FROM
LEAVES OR RECOGNIZING OTHER MESSAGES FROM SONS AND EITHER
TRANSMITTING THE MESSAGES (LEAFWARD OR ROOTWARD) OR SERVICING
CERTAIN MESSAGES LOCALLY.,

B, SCHEDULINGS THE OPERATION OF SELECTING AND ACTIVATING A
SUBPROCESS OR RETURNING THE PROCESSOR TO THE PARENT PROCESS.,

THE TWO STAGES (DISPATCHING AND SCHEDULING) ARE WELL SEPARATED (SEE
FIGURE 8=3), WHEN A NODE IS ACTIVATED, ALL MESSAGES IN THE PROCESS
QUEUE ARE PROCESSED,

THE NORMAL WAY TO ENTER THE SCHEDULER IS ON A QUEUE=EMPTY CONDITION,

NODES MAY EXERCISE DOIFFERENT STRATEGIES TO CHOOSE THE MOST
APPROPRIATE BRANCH T0O WHICH TO SEND A PROCESSOR, THE INFORMATION
MAINTAINED AND RELIABLY PROPAGATED ALL ALONG THE PROCESSOR PATH IN
THE PROCESS SPACE TREE CONSISTS O0OF THE ACTUAL NEEDS OF THE
PROCESSORS» THE CURRENT NUMBER OF PROCESSORS, AND THE CURRENT
NUMBER OF ACTIVE 1/0 OPERATIONS ASSIGNED TO THE SUBTREE.
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IMP DESIGN PHILOSOPMY

IMP IS THE NAME OF AN INTERPRETER AVAILABLE YO EVERY PROCESS IN THE
PROCESS TREE STRUCTURES IT IS THOUGHT OF AS A SET OF HARDWARE
OPERATORS, IMP IS PRIVILEGED» NONINTERRUPTIBLE, AND RELIABLE,

IMP PROVIDES THE MINIMUM AMOUNT OF MACHINERY REQUIRED TD CIRCULATE
THE PROCESSORS IN THE PROCESS WORK SPACE HIERARCHY. THIS
CIRCULATION OfF PROCESSORS MUST BE pPOSSIBLE 1IN ANY PROGRAMMING
ENVIRONMENT AND ESPECIALLY MUST ALLOW FOR GRADUAL PROTECTION IN THE
HIERARCHY OF PROCESSES., A PROCESSOR MUSTs AMONG OTHER THINGS,
ALWAYS BE CAPABLE OF RETURNING RNOTWARD TO A LEVEL IN THE TREE
WHERE THE SYSTEM IS STILL RELIABLE (RETURN TO PROGRAMS FREE OF
ERRORS),

ON THE OTHER HANDs» IMP DOES NOT MAKE ANY ASSUMPTION REGARDING THE
ACTUAL RESOURCE ALLOCATIUN STRATEGIFS USED AT EACH NODE., THIS IS
CONSISTENT WITH THE GENERAL PHILOSOPHY OF A PARTITIONED SYSTEM IN
WHICH VARIOUS UNIQUE ALGORITHMS ARE USED TO DECENTRALIZE THE
RESPONSIBILITIES OF RESOURCE ALLOCATION (AMONG THESE» THE
RESPONSYBILITIES FOR SPACE ALLOCATION AND PROCESSOR SCHEDULING),
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IYPICAL LEAF DIAGRAM

DISPATCHER | .
QUEVE EMPTY [EFHEDULER
—®~READ OUT PROCESS QUEUE— — — = = = == — — — — = — = — — — — — —
PROCESS MESSAGE PROCESS RETURN
OR
REQUEST TO PARENT *NOTE THAT DISPATCHING IS NOW
ENTIRELY DEDICATED TO LOCAL
R HANDLING OF THE MESSAGE
L3 MOVE (USEFUL WORK...) AND SCHEDULING
HAS DEGENERATED INTO A SINGLE

— RELEASE OF THE PROCESSOR

TYPICAL NODE DIAGRAM

DISPATCHER

¥ QUEUE EMPTY [ scHEDULER

~—~READ OUT PROCESS QUEUE - — — — — — — — — — — — — — — — — — —

IF MESSAGE CAN BE HANDLED
LOCALLY WITHOUT WAITING, DO SO SELECT A SUBPROCESS AMONG

= NONE __ THOSE THAT NEED A PROCESSOR
IF A SUBPROCESS IS RESPONSIBLE
FOR THIS TYPE OF SERVICE DISPATCH PROCESS RETURN PROCESS CALL
THE MESSAGE TO SUBPROCESS L |

OR l
IF MESSACE NEEDS TO BE FOWARDED
TO PARENT, DISPATCH TO PARENT

FIGURE 4~3, PROCESSING LEAF AND NODE FUNCTIONS
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DATA BASE OF ImP

THE DAYA BASE OF IMP IS REPRESENTED BY THE FOLLOWING CATEGORIES:
(1) PROCESS CONTROL INFORMATION, (2) PROCESS v STRUCTURE, (3) IMP=S
D> N» V AND P STRUCTURES» (4) RESOURCE STRUCTURES OF EACH
PROCESSOR, AND (5) DATA PECULIAR TO IMP,

PROCESS CONTROL INFORMATION

L X L 3 X X J X X 3 X 2 J (L L X L X K K L. X X ¥ J

Ay PROCESS QUEUEs EACH PROCESS WORK SPACE CONTAINS A FIRST=IN,
FIRST=0UT OQUEUE CALLED PROCESS QUEUE» WHICH RESIDES AT A
PREDETERMINED LOCATION,

ENTRIES INTO THE QUEUE ARE INITIATED BY THE PROCESSES OR BY IMP,
PROCESS INITIATED ENTRIES ARE MADE FITHER BY A SUBPROCESS THROUGH
AN IMP CALL OR DIRECTLY BY A PARENT, THE ENTRIES ARE REMOVED RY
THE PROCESS ITSELF. IN ORDER TO AVOID PROCESSOR CONFLICTS, THE
QUEUE MUST BE L OCKED BEFORE EACH SERVICE OF THE QUEUE IS MADE,
HOWEVER, IMP WILL NOT WAIT ON A PROCESS=INITIATED ACCESS TO A
LOCKED QUEUE) I+Ew» ON ENCOUNTERING AN ALREADY LOCKED QUEUE» IMP
WILL RETURN 70 THE CALLER WITHOUT WAITING FOR THE RELEASE OF THAT
LOCK BIT,

A TypICAL ENTRY IN THIS QUEUE CONTAINS AN IDENTIFICATION
DEPENDING ON THE FUNCTION PERFORMEND BY IMP., FOR EXAMPLE» IN THE
CASE OF EXTERNAL FAULTS» THE FAULT=ID IS QUEUED IN THE ANCESTOR
PROCESS FOR WHICH THIS FAULT IS INTERNAL, (SEE DETAILED
EXPLANATIONS OF THE IMP FUNCTIONS BELOW,)

Be READY FIELDs INDICATES WHICH SUBPROCESSES WORK SPACES ARE
READY TO RECEIVE A PROCESSOR, THESE SUBPROCESSES CAN BEGIN
EXECUTION AS SOON AS A PROCESSOR IS DELIVERED.

Co MONOPROCESSOR BITs ALLOWS ONE PROCESSOR IN THRE SUBTREE wHOSE
ROOT HAS A MONOPROCESSOR BIT SFT3 I,E.,» A PROCESS CALL TO A
SUBPROCESS WHOSE MONOPROCESSOR BIT 1S ALREADY SET IS INEFFECTIVE,

D, ACTIVE BITs INDICATES THAT THE PROCESS WORK SPACE AT THIS
POINT IN THE TREE CONTAINS A PROCESSOR AND 1S THEREFORE AN ACTIVE

PROCESS.,

Ee PROCESS NAME FIELDt IS AN INDEX USED TO LOCATE THE PROCESS
AMONG ITS DIRECT BROTHERS==PARTICULARLY THE READY BIT OF A
PROCESS IS LOCATED IN THE READY FIELD BY THIS INDEX,
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Fo 1/0 COUNTs INDICATES THE NUMBER OF 1/0 DEVICES ACTIVE WITHIN

THE PROCESS BRANCH, THIS COUNT AT ANY PROCESS LEVEL IN THE
HIERARCHY INDICATES THE NUMBER OF I/0 OPERATIONS IN THE PROCESS

SPACE,

PROCESS VvV STRUCTURE

THE PROCESS v STRUCTURE wILL BE USED WHEN A COMMUNICATION IS
REQUIRED FROM IMP TO A PROCESS,

Ds Ns Vo AND P STRUCTURES OF IMP

THERE MUST BE A SET OF THESE STRUCTURES FOR EVERY PROCESSOR IN THE
SYSTEM TO BE USED WHEN THE PROCESSOR IS IN PRIVILEGED MODE,

RESOURCE STRUCTURES OF EACH PROCESSOR

THE' RESOURCE STRUCTURES OF EACH PROCESSOR ARE USED TO DESCRIBE THE
CURRENT ADDRESSING SPACE OfF THE PROCESSOR,

DATA PECULIAR TO IMP

THE DAYA PECULIAR TO IMP Is AS FOLLONWS?:

A, A MAILBOX WHICH IS USED FOR PROCESSOR TO PROCESSOR
COMMUNICATIONS (I10OM QOR CPU).,

Be A PRECEDENCE MATRIX WHICH DEFINES THE RELATIVE POSITION OF
THE PROCESSORS IN THE TREE, (PREORDER),
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IMP FUNCTIONS

ACTIVATION AND DEACTIVATION OF IMP TAKE PLACE AS FOLLOWS, 1IMP IS
ENTERED IN TWO DIFFERENT WAYS,

Ay IMP IS CALLED FROM A PROCESS,
IN ORDER TO PERFORM A FUNCTION WHICH CAN ONLY BE DONE IN
PRIVILEGED MODE (NONINTERRUPTABLE AND NONFINAL COMBINED) A

PROCESS MAY CALL IMP, THE PARAMETER OF THE CALL IS PLACED ON THE
TOP OF THE VvV STRUCTURE BEFORE THE IMP CALL.

Be AUTOMATIC IMP CALL.

THE OCCURRENCE OF AN EXTERNAL FAULT OR ANY INTERRUPT CAUSES AN
AUTOMATIC IMP CALL, THE STATUS IS FOUND BY IMP ON THE TOP OF ITS
V STRUCTURE,

WITH THE AUTOMATIC OR SOFT CALL OF IMP» THE STATE OF THE PROCESS
IS STORED IN A SPECIAL AREA OF THE PROCESS*S SPACE (CORODUTINE
CONTROL FIELD) AND THE ENVIRONMENT OF IMP 1S LOADED INTO THE
PROCESSOR, UPON IMP RETURN THE REVERSE PROCEDURE IS PERFORMED,
THE IMP FUNCTIONS BASICALLY AID IN THE PERFORMANCE OF THREE
FUNCTIONST SCHEDULING, DISPATCHING» AND AUTOMATIC FAULT AND
INTERRUPT DETECTION, THESE FUNCTIONS REQUIRE SOME PARAMETERS AND
AN IMP CALL, THE IMP FUNCTIONS ARE:
A, SCHEDULING FUNCTIONS,
1, PROCESS CALL.,
2, PROCESS RETURN,
3, PREEMPT,
Bs DISPATCHING FUNCTION = QUEUE=IN TO PARENT,
Cs REQUEST AN ASYNCHRONQUS MOVE (LEVEL=2 OR LEVEL<=3),
De AUTOMATIC FUNCTIONS.
1, EXTERNAL FAULT DISPATCHING,
2, INTERPROCESSOR COMMUNICATION,

3. 1/0 COMPLETE,
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SCHEDULING FUNCTIONS

THE SCHEDULING FUNCTIONS ARE THE MOST COMPLEX IMP FUNCTIONS,

PROCESS CALL FUNCTION

PROCESS CALI. ESTABLISHES A NEW PROCESS IN THE HIERARCHY BY THE
ADOITION OF A NEW SET OF RESOURCE DEFINITIONS TO THE PROCESS
RESOURCE STRUCTURE AND THE ACTIVATION OF THE NEW PROCESS,
PARAMETERS FUOR PROCESS CALL INCLUDE SFGMENT SPACE DEFINITION, TIMER
SETTINGs FAULT MASKS» AND LEVEL®"3 RESOURCES, THESE PARAMETERS MAVE
BEEN ENTERED INTO THE PROCESS RESOURCE STRUCTURE WITH THE PROCESS
PARAMETER OPERATORS, THE CALLER CAN PROVIDE A MONOPROCESSOR
PARAMETER REQUIRING THE NUMBER OF PROCESSORS WORKING IN THE
SUBPROCESS=S SPACE TO BE LIMITED TO ONE,

THE PROCESS CALL FUNCTIQN MUST PERFORM THE FOLLOWING ACTIONS IN
ORDER TOo START A SUBPROCESSS

A, THE PROCEDENCE MATRIx IS TESTED AND LOCKED,

B IF THE SUBPROCESS Is ACTIVE OR THE MONOPROCESSOR BIT IS SET,
A STATUS INDICATING THAT FACT IS LEFY AT THE YOP OF THE CALLING
PROCESS=S Vv STRUCTURE» THE MAILBOX IS UNLOCKED AND AN IMP RETURN
IS EXECUTED,

Co TWO CHECKS ARE PERFORMEDY FIRST THE TIME GIVEN TO THE
SUBPROCESS 1S COMBINED IN ORDER TO INSURE A PROPER NESTING WITHIN
THE CALLER"S REMAINING PROCESSING TIME, SECONDLY IMP INSURES THAT
THE CALLER®=S PROCESS INFORMATION IS NOT PASSED WITH WRITE
PERMISSION TO THE SUBPROCESS, IF ANY OF THESE CONDITIONS FAIL =
THE PROCESSOR PERFORMS AN IMP RETURN IN THE SAME WAY AS IN B,

De THE READY BIT OF THE SUBPROCESS 1S RESET,
€ IF THE CALLING PROCESS NEEDS MORE COMPUTATION TIME» THAT 1IS»

THE QUEUE IS NOT EMPTY QR ONE OF THE SUBPROCESSES IS READY» THIS
FACT 1S COMMUNICATED ROOTWARD VIA THE READY BIT,

Fe THE ACTIVE BIT OF THE CALLER IS RESET,
Ge THE PRECEDENCE MATRIX 1S UPDATED,
He THE ACTIVE BIT OF THE SUBPROCESS IS SET,
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I, THE HARDWARE PROCESS CALL IS EXECUTED SLICING THE RESOURCE
STACK AND UPDATING THE RESQURCE DISPLAY,
Je THE PRECEDENCE MATRIx IS UNLOCKED,

PROCESS RETURN FUNCTION
THE PROCESS RETURN FUNCTION RETURNS A PROCESSOR TD A PARENT PROCESS,
A, THE PRECEDENCE MATRIx IS FIRST TESTED AND LOCKED,

B, THE MONOPRQCESSOR BIT AND THE ACTIVE BIT OF THE CALLER ARE
RESET,

Ce THE PRECEDENCE MATRIx IS UPDATED,
De IF THE PARENT PROCESS IS ACTIVE, REFER TO STEP K ELSE
Es THE ACTIVE BIT OF THE PARENT IS SET.

Fo THE READY BIT OF THE PARENT IS RESET AND IF THERE IS NO NEED
FOR A PROCESSOR ALONG THE PATH ROOTWARD» THE READY BITS DOWN THE
TREE ARE RESET.,

Go THE TIME COUNTER OF THE PROCESSOR FOR THE PARENT IS COMBINED
WITH THE REMAINING TIME OF THE CALLER,

He THE HARDWARE PROCESS RETURN IS EXECUTED,
1+ THE PRECEDENCE MATRIX IS UNLOCKED.

Jo IMP RETURN IS EXECUTED,

Ke IF THE QUEUE OF THE PARENT IS NOT LOCKED OUT A MESSAGE IS
LEFT IN IT,

Le A HARDWARE PROCESS RETURN IS EXECUTED.

M A PROCESS RETURN IS TRIED AT THAT NEW LEVEL» I.Ee» REFER TO
C FOR THE FOLLOWING,
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WHEN A PROCESS RETURN 1S EXECUTED By A DIRECT SUBPROCESS OF THE
GLOBAL» AND IF AT THAT TIME THE GLOBAL PROCESS IS ACTIVE, THE
PROCESSOR GOES TO ITS RESPECTIVE DOGHOUSE, IT WILL REMAIN HERE
UNTIL GLOBAL BECOMES INACTIVE, AT WHICH TIME IT WILL ENTER THE

GLOBAL PROCESS.,

PREEMPT FUNCTION

THE PREEMPT FUNCTION IS WUSED BY A PROCESS YO FORCE ALL THE
INTERPRETERS WORKING IN THE SPACE nNF ONE OF ITS SON PROCESSES TO
RETURN AT A LEVEL BELOW IT,

IMP DETERMINES THE PROCESSORS WHIeH ARE IN THE SUBPROCESS SPACE
WITH THE PRECEDENCE MATRIX AND INTERRUPTS THEM LEAVING A MESSAGE
FOR EACH IN THFIR MAILBOX, UPON INTERRUPTION EACH PROCESSOR LOOKS
AT THE MAILBOX AND "PROCESS RETURNS™ AT LEAST TO THE REQUESTED
LEVEL,

DISPATCHING FUNCTION == QUEUE=IN TO PARENT

PO TOPON SPPTPSENS® B STOPEVNOT O SsawOen

THE DISPATCHING FUNCTION PASSES INFORMATION FROM A SUBPROCESS TO
ITS PARENT BY MEANS OF A PROCESS QUEUE ASSOCIATED WITH EACH PROCESS
SPACE, EACH PROCESS MAY READ ITS OWN QUEUE WITHOUT REQUESTING IMP,
IT IS ALSO ABLE 710 QUEUE A MESSAGE IN THE QUEUE OF ONE OF ITS
SUBPROCESSES,

THE IMP QUEUE IN FUNCTIQN QUEUES A MESSAGE IN THE PARENT=S QUEUE
AND OPTIONALLY EXECUTES A PROCESS RETURN., THE FNLLOWING STEPS ARE
EXECUTED?

A, THE QUEUE LOCK BIT IS TESYEDs IF SET, AN IMP RETURN IS

EXECUTED, AND A STATUsS IS LEFT AT THE TOP OF THE CALLEReS Vv
STRUCTURE, IF IT wAS RESET,» IMP SETS IT AND THE FOLLOWING DCCURS,

B THE DESCRIPTOR OF THE PARENT=S QUEUE IS EXECUTED IN ENTER
MODE AND THE MESSAGE IS LEFT IN THAT NEW ENTRY = IF THAT ENTRY
WAS THE FIRST ONE AND THE PARENT WAS INACTIVE IT IS MARKED READY
= UPDN OCCURRENCE OF AN OUT OF BOUNDS FAULT AN IMP RETURN IS
EXECUTED WITH A STATUS LEFT AT THE TOP OF THE CALLER+*S v
STRUCTURE,
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Co IF PROCESS RETURN IS INDICATED IN THE REQUEST, IT WILL BE
PERFORMED AS SPECIFIED PREVIOUSLY,

Dy IMP RETURN IS EXECUTED,

REQUEST AN ASYNCHRONOUS MOVE (L2 DR L3)

POOPOOR® SO0 VOOV TITVOTSPIY HONE SO0 VP9 eee

ANY PRDCESS CAN REQUEST IMP TO INITIATE AN 1/0 OPERATION THROUGH
THE IMP CALL., BEFORE INITIATING THE OPERATION IMP WILL INSURE THAY
THE OQEVICE IN QUESTION IS WITHIN THE ENVIRONMENT OF THE REQUESTOR,
IF IT 1S NOT» AN OUT OF BOUNDS FAULT CONDITION wILL EXIST,

AUTOMATIC FUNCTIONS

IF AN EXTERNAL FAULT» LOCAL EXTERNAL FAULT» OR AN INTERRUPT IS
DETECTED OURING THE RUNNING OF A PROCESS» AN AUTOMATIC ENTRY INTQ
IMP OCCURS,

WHEN A LOCAL EXTERNAL FAULT OCCURS, AN ENTRY WILL BE MADE IN THE
REQUEST QUEUE OF THE PARENT PROCESS SPACE TO SERVICE THIS FAULT,

IMP WILL THEN PERFORM A PROCESS RETURN,

WHEN AN EXTERNAL FAULT OCCURS, IMP MUST GO ROOTWARD LOOKING FOR THE
PROCESS WHICH OWNS THAT FAULT» THE FAULTY PROCESS IS SET ACTIVE AND
A MESSAGE S LEFT ALONG THE LINE IN EACH NODE=S QUEUE UNTIL THE
OWNER OF THE FAULTY 1S REACHED, AN ULTIMATE MESSAGE WITH A STATUS
OF THE FAULY IS ENTERED INTO ITS QUEUE. 1IF THE NODE IS ACTIVE A
PROCESS RETURN 1S EXECUTED, OTHERWISE» THAT NODE WILL BE ACTIVATED
BY AN IMP RETURN.

ALL INTERRUPTS ARE NANDLED BY 1IMP. THIS INCLUDES PROCESSOR
INTERCOMMUNICATION INTERRUPTS AND 170 COMPLETES,

AN 1/0 OR MEC COMPLETE INTERRUPT wlLL BORROW A PROCESSOR IN ORDER
TO INSERT AN 1/0 COMPLETE MESSAGE INTND THE SPECIFIED PROCESS QUEUF,
IF THE PROCESS IS INACTIVE AND ITS QUEUE IS EMPTY IT WILL PROPAGATE
THE NEED FOR A PROCESSOR OOWN THE LINE VIA THE READY BITS,
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SECTION 5
STORAGE

INTRODUCTION

THE STORAGE FACILITIES OF THE B8500 SYSTEM ARFE ORGANIZED INTQ THREE
LEVELS, THESE LEVELS ARE DIFFERENTIATED ACCORDING YO SPEED», COST,
AND SIZE AND ARE STRUCTURED HIERARCHICALLY FROM THE LEVEL
PERMITTING FASTEST ACCESS TO THE ONE WITH SLOWEST ACCESS, 1IN THE
ORDER Of ACCESS SPEED» THE LEVELS OF STORAGE ARE AS FOLLOWS? LEVELe
1 STORAGE (MAIN STORAGE), LEVEL=2 STORAGE (MEMORY EXTENSION
DEVICESY» AND LEVEL*"3 STORAGE (AN ARRAY OF PERIPHERAL EQUIPMENT),
THE HIERARCHY 1S TREATED AS A DISCRETE SET OF CONTINUUMS,

LEVEL=1 STORAGE

LEVEL=1 IS A FIELD~DEFINED» PHASED STORAGE CONSISTING OF FIELD
ISOLATION UNITS (FIU) AND MEMORY STORAGE UNITS (MSU)s, AN FIU
CONTROLS EITHER ONE OR TWO MSU(S)s EACH OF WHICH CONTAINS 8192 256~
BIT WORDS (SEE FIGURE 5=1). LEVEL=1 MAY EXPAND FROM ONE Flu TO A
MAXIMUM OF 16 FIUCS), STORAGE CAPACITY IS EXTENDED BY ADDING ONE

MSU AT A TIME,

LEVEL=1 STORAGE IS CONSIDERED LOGICALLY TO BE A CONTINUUM OF BITS,
FIELDS mMAY BE DEFINED BY DECLARING THE LOCATION OF THE STARTING BIT
AND THE NUMBER OF BITS COMPOSING TWE FIELD., THE FIELD ISOLATION
UNITS (FIU) OF THE STORAGE SYSTEM PROVIDE THE CAPABILITY NF
EXTRACTING OR INSERTING FIELDS OF INFORMATION INDEPENDENT OF THE
STRUCTURE OF THE PHYSICAL STORAGE DEVICES,

PHASING 1S A TECHNIQUE THAT ALLOWS THE FIELD ISOLATION UNIT TO
INITIATE MEMORY STORAGE UNIT CYCLES IN PARALLEL WITH DATA TRANSFER,
IN THIS WAY THE DATA TRANSFER RATE IS MAXIMIZED.
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MSU # | MSU %2
2,097,152
N DATA BITS

1

128-BIT INTERFACE

FIELD ISOLATION UNIT (FIU)

64-BIT INTERFACE

TO INTERPRETERS
I/0 MODULES
MEZMORY EXTENSION DISK CONTRCLLERS

FIGURE 5=1., LEVEL~1 STORAGE
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ERROR DETECTION

WHEN A GROUP OF BITS IS MOVED FROM THE MSU TO THE Flu, THESE BITS
ARE CHECKED, PARITY IS CHECKED ON EACH 64=BIT GROUP RECEIVED BY
THE FIU FROM YHE ACCESSING UNIT AND IS ESTABLISHED ON EACH GROUP NOF
64 BITS TRANSMITTED BY THE FIU, WHEN A DATA ERROR IS DETECTED By
THE FIy» THE CONTROL WORD IN FORCF IS PLACED IN THE MEMORY FAI{
REGISTER WITH AN IDENTIFICATION OF THE ERROR, AND A FAULT INDICATOR
1S PASSED TO THE UNIT THAT REQUESTED TME DATA MOVEMENT,

ERROR INDICATIONS ARE PLACED IN THE FAJIL REGISTER YO INDICATE THE
TYPE AND PLACEMENT OF THE ERROR, THE ERRORS ARE»

Ay CONTROL WORD PARITY ERROR,

8se ILLEGAL OPERATION COODE,

Co CONTROL WORD RECEIVED BY THE WRONG FIU,

O DATA ERROR ON READ OPERATION,

Es OATA ERROR ON WRITE OPERATION,

Foe FIU BOUNDARY ERROR,

Go REQUESTING DEVICE TOQK YOO LONG TOYSEND DATA,

ERROR DETECTION IN LEVEL=™1 STORAGE USES A TECHNIQUE THAT ALLOWS
ODETECTION OF ALL ERRORS INyOLVING TWO BITS» AND ALLOWS THE HARDWARE
OF THE plU TO CORRECT ALL SINGLE=BIT ERRORS. CHECK BITS ARE AT THE
END OfF EACH 64°gIT DATA FIELD FOR PARITY CHECKING AND ERROR
CORRECTIONS, THIS PERMITS THE SYSTEMS PROGRAMMER TO MORE READILY
ACCESS AND MANIPULATE DATA WHICH IS KNOWN TO HAVE BEEN CORRECTED,
THE PRESENCE OF A 64=RIT WQRD ALLOWS A GREATER NUMBER OF BITS TO RE
CHECKED WITH ONLY A SMALL INCREASE IN LOGIC,

AT THE CONCLUSION OF AN ERROR CORRECTION A SIGNAL IS PROVIDED TO

THE REQUESTOR TO INDICATE THAT A CORRECTION HAS REEN MADE., SIMPLE
PARITY 1S USED BY THE FIU ON ALL INTERMOOULE DATA TRANSMISSIONS.

FIU OPERATIONS

OPERATIONS THAT MAY BE PERFORMED IN CONJUNCTION WITH LEVEL=1
STORAGE ARE:

Ay FETCHs ALLOWS AN EXTERNAL UNIT TO MOVE DATA FROM LEVEL=},
Bs STORE:s ALLOWS AN EXTERNAL UNIT TO MOVE INFORMATION TO LEVELe!,
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C. FETCH MEMORY FAIL REGISTERs ALLOWS AN EXTERNAL UNIT TO OBTAIN
THE MEMORY FAIL REGISTER FROM A SPECIFIC FIU., THE FAIL REGISTER
IS CLEARED FOLLOWING THE FETCH,

Dse FETCH AND LOCK3 ALLOWS AN EXTERNAL UNIT TO FETCH DATA AND SET
THE MOST SIGNIFICANT BIT TO INDICATE THAT THE FIELD HAS BEFN
LOCKED.

LEVEL=2 STORAGE

LEVEL=2 STORAGE IS FIELD=DEFINED STORAGE OPERATING AS A LOGICAL
LEVEL BETWEEN LEVEL=1 AND LEVEL=3 IN THE STORAGE HIERARCHY, IT IS
USED TO MAINTAIN PROGRAM AND DATA SEGMENTS WHICH ARE NOT BEING
CHANGED BY A PROCESSING ELEMENT OF THE SYSTEM AT A GIVEN MOMENT,

WITH THE EXCEPTION OF ACCESS AND TRANSFER SPEED» LEVEL=2 STORAGE IS
TREATED AND MANAGED THE SAME AS LEVEL=1., BECAUSE LEVEL=2 STORAGE
HAS CHARACTERISTICS SIMILAR TO THOSF OfF LEVEL=1 STORAGE» THE SAME
MANAGEMENT ALGORITHMS MAy BE APPLIED TO THE RESPECTIVE BIT
CONTINUUMS,

LEVEL=2 STORAGE IS COMPRISED NF A RANGE OF DEVICES» INCLUDING HEAD~
PER=TRACK DISK AND BULK CORE, A MEMNRY EXTENSION CONTROLLER (MEC)
PROVIDES INTERFACES BETWEEN LEVEL=1 STORAGE AND THE LEVEL=2 MEDIA,
AND ALSO PROVIDES THE FIE_D=ISOLATION FACILITIES. THE MEC HAS THE
CAPABILITY TO SERVICE MULTIPLE REQUESTS THRU MULTIPLE ASYNCHRONOUS
DATA PATHS, THE MEMORY EXTENSION CONTROLLER UTILIZES THE SAME
QUEUE AND ELEMENT FORMATS AND QUEUEING DISCIPLINES AS THE I/0
MODULE (10M), THIS PERMITS THE IOM AND THE MEC TO ENTER REQUESTS
INTO EACH OTHERS QUEUES 1IN ORDER TO ACHIEVE TRANSFERS OF FIELDS
BETWEEN LEVEL"1» LEVEL®"2» AND LEVEL=3 STORAGE WITHOUT PROCESSOR
INTERVENTION,

SINCE ONLY A SMALL PART OF THE TOTAL ACTIVE PROCESS SPACE IS
ACTUALLY BEING OPERATED UPON BY THE PROCESSING ELEMENTS OF THE
SYSTEM AT ANY GIVEN MOMENT, A RELATIVFLY SMALL SPACE IS REQUIRED IN
DIRECT=ACCESS STORAGE (LEVEL™1 AND REGISTERS)s THUS» THE BULK OF
THE PROCESS SPACE MAY BE MAINTAINED IN LEVEL=2 STORAGE WHILE IT IS
NOT BEING CHANGED, BY HAVING A HIERARCHY OF STORAGE WITH IDENTICAL
MANAGEMENT» "FIX"UP"™ 1S ELIMINATED WHEN DATA IS MOVED FROM LEVEL TO
LEVELs, THUS ACHIEVING EFFICIENT UTILIZATION OF THE STORAGE
HIERARCHY., THE INTEGRATION OF LEVEL=2 STORAGE INTO THE SYSTEM
PROVIDES FOR EFFICIENT UTILIZATION OF SYSTEM STORAGE RESOURCES., 1T
PROVIDES FOR A NATURAL FLOW OF INFORMATION FROM FILE STORAGE TO
REGISTERS,». WITH INTERMEDIATE BUFFERING IN A RANGE OF DEVICES, THUS
YIELDING A LOW COST=PER=BIT PER PROCESSING CYCLE,
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MEMORY EXTENSION CONTROLLER

THE MEc¢ EXERCISES CONTROL OVER THESE LEVEL=1 AND LEVEL=2
OPERATIONS?

Ay THE SELECTION OF REQUESTS FROM THE LEVEL=2 DEVICE QUEUE,
Be THE INITIATION OF REQUESTS ON THE APPROPRIATE LEVEL=2 DEVICE,

Co THE MOVEMENT OF INFORMATION BETWEEN LEVEL=1 AND LEVEL=2
STORAGE,

De ACTING ON REQUESTS TO CONTROL THE MOVEMENT OF DATA BETWEEN
LEVEL=3 AND LEVEL®=2 VIA LEVEL=1 STORAGE.

Ee THE REPORTING OF STATUS BACK TO THE REQUESTING PROCESS,

THE MEC ACTS AS A PROCESSOR WORKING ON THE PROCESS SPACES OF THE
PROCESS HIERARCHY, ALL ACCESSES TO LEVEL*=1 AND LEVEL=2 STORAGE ARE
PROTECTED BY FINAL COMBINE OPERATIONS (PERFORMED PRIOR TO THE
INITIATION OF THE REQUEST).

TO ALLOW THE MEC(S) TO PROPERLY SELECT PATHS AND SERVICE THE LEVELe
2 DEVICE QUEUE» A MAP OF THE LEVE[L =2 SUBSYSTEM CONFIGURATION IS
CONSTRUCTED, THIS MAP ALLOWS EACH MEC TO BE AWARE OF THE DEVICFS
IT CAN SERVICE»THE PATHS AVAILABLE FOR THAT SERVICE» AND THE
LOCATION OF THE LEVEL=2 QUEUE THAT RFQUIRES SERVICE, THE MEC PATH
SELECTION AND QUEUE SERVICE OPERATES FROM THE LEVEL=2 SUBSYSTEM MAP,
THE BASIC LEVEL="2 MAP IS LODADED AT INITIALIZE TIME AND CAN BE
MODIFIED OYNAMICALLY BY A GLOBAL PROCESS, THE LEVEL<2 MAP RESIDES
IN LEVEL*"1 STORAGE, AND MAy BE ACCESSED BY MEC(S)», IOM(S)» IMP, AND
GLOBAL PROCESSES.

REQUESTS FOR LEVEL~2 ACTIVITY ARE ENTERED INTOD THE DEVICE QUEUE VIA
THE DEyICE VECTORs THE SERVICING OF REQUESTS IS DONE BY MEC(S)
USING THE LEVEL=2 MAP, ALL QUEUEING 1S AT THE DEVICE LEVEL, THE
PATH SELECTION AND QUEUE SERVICE PROVIDES MAXIMUM FLOW OF TRAFFIC
BY USING ALL AVAILABLE ACCESS PATHS,

DEVICE QUEUE ELEMENT

A DEVICE 1S CONSIDERED TO BE A PERIPHERAL DEVICE WHICH IS CONNECTED
TO A CHANNEL OF THE MEC, THERE IS ONE DEVICE QUEUE ELEMENT (DQE),»
AND THEREFORE ONE QUEUE» FOR EACH ADDRESS CONTINUUM., THE CONTENTS
OF EACH DEVICE QUEUE ELEMENT ARE DESCRIBED IN THE IOM DISCUSSION IN
SECTION 6,

EACH MEC MAS ITS OWN COMPLETION QUEUE, THE LOCATION OF THE HEAD OF
THE QUEUE IS RETAINED 8Y THE MECe THE HEAD CONTAINS A COUNT NF
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ELEMENTS, AND POINTERS TO THE FIRST AND LAST ENTRIES OF THE QUEUE,
THE ELEMENTS OF THE COMPLETION QUEUES ARE TDENTICAL WITH THE
ELEMENTS OF THE OEVICE QUEUES EXCEPT THAT THE COMPLETION STATUS IS
PLACED IN THE REQUEST STATUS FIELD, EACH LEVEL=2 ELEMENT OF THE
DEVICE VECTOR CONTAINS BOTH A POINTER TO THE CORRESPONDING DEVICE
ELEMENT 1IN THE LEVEL=2 MAP» AND THE IDENTIFYING NUMBER OF THE MEC
WHICH CAN SERVICE THAT DEVICE,

REQUESTING A LEVEL=2 OPERATION

WHEN A PROCESS DESIRES A MOVE BETWEEN LEVEL=1 AND LEVEL=2 STORAGE,
A REQUEST IS PREPARED WHICH CONTAINS A DESCRIPTION OF TYHE LEVEL=1
AREA» AN OPERATION CODE» A DESCRIPTINON OF A LEVEL=2 ADDRESS» AND A
BIT TO INDICATE WHETHER THE PROCESS REQUIRES NOTIFICATION OF
COMPLETION OF THE LEVEL=2 QPERATION,

THE CONSTRUCTION OF THE REQUEST INVOLVES AN ALLOCATION OF STORAGE
FOR THE REQUEST» PLACEMENT OF THE ARSOLUTE LEVEL=1 ADDRESS IN THE
REQUEST, AND THE CREATION OF A PROCESS IDENTIFICATION TO BE PLACED
IN THE REQUEST, THE COMPLETED REQUEST IS THEN LINKED INTO THE END
OF THE DEVICE QUEUE. THE MEC» WHICH WAS PATHS TO THE DEVICE AND IS
IDENTIFIED IN TWE DEVICE VECTOR» IS NOTIFIED VIA THE INTERRUPT BUS.

EACH MEC HAS AN INTERNAL REGISTER THAT HOLDS THE NUMBER OF JOBS
REMAINING TO BE INITIATED BY AN MECe THME COUNT NF THE REGISTER IS
INCREASED EACH TIME THE SNFTwWARE SENDS AN INTERRUPT FOR yng
INITIATION AND IS DECREASED EACH TIME AN MEC ACCEPTS A J0B, EACM
MEC COMMUNICATES WITH THE OTHER MEC WHEN A JOB IS ACCEPTED,
THEREFORE» THE NUMBER OF J0BS REMAINING IN THE COMMON JOB QUEUE IS
MAINTAINED BY EACH MEC,

SINCE THE MAPS,» QUEUES, AND DEVICE QUEUE ELEMENTS FOR THE MEC AND
IoM HAVE IDENTICAL FORMATS, REQUESTS FOR A SEQUENCE OF OPERATIONS
INVOLVING BOTH LEVEL=2 AND LEVEL=3 MAY BE LINKED UNDER A REQUEST,
THIS CAPABILITY PERMITS A SERIES OF INTERLEVEL AND INTRALEVEL MOVES
TO BE PERFORMED WITHOUT CPy INTERVENTION,

LEVEL=3 STORAGE

LEVEL=3 STORAGE IS IMPLEMENTED WITH A WIDE RANGE OF PERIPHERAL
DEVICE,» SUCH AS MAGNETIC TAPES» FILE NISKS» PUNCHED CARD EQUIPMENT,
PRINTERS» AND DATA COMMUNICATIONS EQUIPMENT, ACCESS TO LEVEL=3
STORAGE IS MADE THROUGHKH THE INPUT=QUTPUT MODULE (SEE SECTION 6),
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RELATED HARDWARE SPECIFICATIONS

DISK QUEUER

FIELDO ISOLATION UNIT

MEMORY EXTENSION CONTROLLER
MEMORY STORAGE UNIT
PARALLEIL DISK CONTROLLER
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SECTION 6

INPUT/Q0UTPUT SUBRSYSTEM

INTRODUCTION

THE INPUT/O0UTPUT SUBSYSTEM DESCRIBED IN THIS SPECIFICATION Is
DESIGNED TO PROVIDE A WIGH DEGREE OF!?

PARALLELISM BETWEEN INTERPRETERS AND I/0 MODULES (IOM) BY
RELEASING THE INTERPRETER AT THE EARLIEST POSSIBLE MOMENT FROM

THE 1,0 OPERATION,

THROUGHPUT BY DELAYING THE BINDING OF PATHS THROUGH THE 1/0
SUBSYSTEM UNTIL INITIATE TIME» THUS MAXIMIZING CHANNEL ACTIVITY,

THE IOM ACYS AS A PROCESSOR WORKING ON THE DEFINED PROCESS SPACES
OF THE PROCESS HIERARCHY, ALL ACCESSES TO LEVEL=1 AND LEVEL"=3
STORAGE ARE PROTECTED BY FINAL COMBINE OPERATIONS (PERFORMED BY IMpP
PRIOR TN THE INITIATION OF THE IOM ON THE REQUEST).
THE INPUT/OUTPUT MODULE EXERCISES CONTROL OVERS

A, SELECTION OF I,/0 REQUESTS FROM DEVICE QUEUES,

B, SELECTION OF THE OPTIMUM PATH TD THE DEVICE,

Cs INITIATION OF REQUESTS ON THE APPROPRIATE DEVICE,

D, MOVEMENT OF DATA BETWEEN LEVEL=1 AND LEVELe=3,

Ee QUEUEING REQUESTS TO OTHER DEVICE QUEUES OR MEC QUEUES.,

CONCEPTUAL VIEw OF THE 1/0 SUBSYSTEM

THE I/0 SUBSYSTEM IS MADE UP OF 1/0 MODULES» PERIPHERAL DEVICE
CONTROLLERS» EXCMANGES» AND PERIPHERAL DEVICES. THE SUBSYSTEM MAY
BE INTERCONNECTED INTO THE CONFIGURATION MOST SUITED TO THE USERS
REQUIREMENTS, FIGURE 6=1 TLLUSTRATES AT LEAST ONE EXAMPLE OF EACH
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DEVICES

EXCHANGES

I/0 MODULES

IOM2

GENERAL 1/0 SUBSYSTEM CONFIGURATION

FIGURE 6~-1,

IOM,
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)
5
5
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POSSIBLE TYPE OF CONNECTION THAT CAN BE MADE BETWEEN MODULES OF THE
1/0 SYSTEM, IT CAN BE SEEN THAT 1/0 MODULES CAN BE CONNECTED TO
EXCHANGES» SHARED EXCHANGES» OR DIRECTLY TO THE DEVICES, THE
DEVICE CONTROLLERS ARE NOT TLLUSTRATED IN THIS DIAGRAM BECAUSE THEY
DO NOT INFLUENCE THE DESIGN CONCEPTS OF THE I/0 SUBSYSTEM AND MAY
BE THOUGHT OF AS IOM EXTENSIONS, A SHARED EXCHANGE IS AN EXCHANGE
WHICH 1S SHARED BY MORE THAN ONE IOM,

THROUGHPUT CAN BE MAXIMIZED IF TWE BINDING OF A COMPLETE PATH
BETWEEN PROCESS AND DEVICE IS DELAYED UNTIL THE DEVICE IS READY TO
ACCEPT THE 1s0 yOB. As AN EXAMPLE, IF DEVICE 02 IS 7O BE
INITIATED» THE PATH REQUIRED TO CONNECT THE INITIATING PROCESS Pi
WITH D2 INVOLVES A CHOICE BETWEEN TwWp 1/0 MODULES AND THEN BETWEEN
TWO CHANNELS WITHIN A GIVEN IOM TO THE EXCHANGE Et. IF THE PATH
HAD BEEN PRESELECTED» THAT IS SELECTED PRIOR TO THE TIME THE DEVICE
IS INITIATED» A SITUATION CAN DEVELNP IN WHICH THE DEVICE IS FREE
BUT THE PRE=SELECTED PATH TO THE DEVICE IS NOT» THUS DELAYING
EXECUTION, THIS SITUATION IS FAR LESS LIKELY TO OCCUR IF MORE THAN
ONE PATH EXISTS WHICH CAN BE CONNECTED BETWEEN THE PROCESS AND
DEVICE,

170 SUBSYSTEM MAP (10SM)
TO ALLOW THE I/0 MODULES TO PROPERLY SELECT PATHS TO THE DEVICES
AND SERVICE 1,/0 REQUESTS» A MAP OF THE 1/0 SUBSYSTEM CONFIGURATION
IS CONSTRUCTED AT INITIALIZE TIME. 1/0 MODULES ARE AWARE OF THE
DEVICES THEY CAN SERVICE AND THE PATHS AVAILABLE TO THE DEVICE FOR
THAT SERVICE, THE 1/0 SUBSYSTEM MAP (IOSM) ALSO INDICATES DEVICE
QUEUES NWHICH HOLD SERVICE REQUESTS FOR ASSOCIATED DEVICES, THE
I0SM RESIDES IN LEVEL=1 STQRAGE» AND MAY BE ACCESSED BY I0MS»s MECS>»
IMP AND THE GLOBAL PROCESS,
THE I0SM (SEE FIGURE 6=2) HAS!

‘Ae A DEVICE VECTOR CONTAINING DEVICE VECTOR ELEMENTS,

Be DEVICE ELEMENTS,

Coe INDIRECTY EXCHANGE ELEMENTS,

De AN EXCHANGE ELEMENT,

Es DEVICE QUEUES WHICH HOLD THE DEVICE QUEUE ELEMENTS,

Fe COMPLETION QUEUES WHICH HOLD THE STATUS QUEUE ELEMENTS (¢SQE).
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STATUS QUEUE ELEMENTS

POOOPE PSSO SoOvEevens

THERE IS A STATUS QUEUE FOR EACH IOM, THE STATUS QUEUES CONTAIN
STATUS QUEUE ELEMENTS (SQE) WHICH CONTAIN THE STATUS OF A COMPLETED
OR TERMINATED 1/0 REQUEST, THE STATUS QUEUE ELEMENTS ARE IDENTICAL
TO THE DEVICE QUEUE ELEMENTS WITH THESE EXCEPTIONS:

A, A RESULT DESCRIPTOR MAY BE |LOADED INTO SPECIFIED BIT
POSITIONS,

Be CERTAIN BIT POSITIQNS MAY BE SET IF THE TERMINATION WAS DUE
TO DETECTION OF AN IMP OR I0M ERROR CONDITION,

THE DEVICE STATUS QUEUES ENABLE THE INITIATING PROCESS TO EXAMINE
THE TERMINATING STATUS OF ITS 1/0 REQUEST,

DEVICE VECTOR ELEMENTS (DVE)

THE DEVICE VECTOR IS AN ARRAY CONTAINING DEVICE VECTOR ELEMENTS
(OVE), THERE IS ONE OvE FOR EACH DEVICE., THE DVE CONTAINS A
POINTER TO ITS ASSOCIATED pEVICE ELEMENY, AND A LIST OF 1/0 MODULES
THAT CAN SERVICE THE DEVICE ASSOCIATED WITH THE DVE, THKE DEVICE
VECTOR ELEMENTS ARE ySED SOLELY BY IMP TO FORMAYT AND LIST THE I/0
REQUESTS IN THE PROPER DEVICE QUEUE.

DEVICE ELEMENT (DE)

A DEVICE ELEMENT (DE) IS ALSO ASSOCIATED WITH EACH DEVICE., THE DE
CONTAINS THE STATUS OF THE DEVICE» AND POINTS TO THE FIRST AND LAST
DEVICE QUEUE ELEMENT IN THE DEVICE QUEUE, THE VARIOUS FIELDS ARE:!

LOCK (L) BIT INDICATES WHEN PRESENT» THAT THE DE
OR ITS QUEUED DEVICE QUEUE ELEMENTS
ARE BEING OPERATED ON BY EITHER A IOM
OR IMP, AND PREVENTS MORE THAN ONE OF
THESE OPERATORS FROM TRYING TO ACCESS
AND OPERATE ON THE DE OR DQE AT THE
SAME TIME,

ELEMENT TYPE (ET) FIELD IDENTIFIES THE ELEMENT AS BEING A DE
(CODE o001),

BUSY (B) BIT INDICATES THE STATUS OF THE
: ASSOCIATED DEVICE,
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1,0 ERROR (lOE) BIT

DE RING LINK (RL) FIELD

REQUEST COUNT (RC) FIELD

END RING CER) BIT

IoM CHANNEL NO, FIELD
(ICN)

USE INDICATED
CHANNEL BIT (UlC)

EXCHANGE BIT (EB)

BYTE TYPE (BT) BIT

TRANSLATE (TR) FIELD

DEVICE QUEUE HEAD
LINK (DQHL) FIELD

INDICATES THAT THE ASSOCIATED 1!/0
CHANNEL HAS BEEN TERMINATED AS A
RESULT OF AN ERROR CONDITION BEING
DETECTED, ALSO CAUSES THE CONTENTS
OF THE DEVICE QUEUE TO BE TRANSFERRED
INTO THE STATUS QUEUE.

IF APPLICABLE, THIS FIELD WILL
CONTAIN A POINTER TO A DOE FOR A
DEVICE WHICH IS CONNECTED ON THE SAME
EXCHANGE, (I,E. THE DE FOR DEVICE
D2 IN FIGURE 6=2 WOULD CONTAIN A
POINTER TO THE DE FOR DEVICE D3,)

MAINTAINS A RECORD OF THE NUMBER OF
1/0 REQUESTS (DEVICE QUEUE ELEMENTS)
QUEUED FOR ITS ASSOCIATED DEVICE.

IF  APPLICABLE, INDICATES THAT ITS
ASSOCIATED DEVICE IS THE LAST DEVICE
ON AN EXCHANGE,

IDENTIFIES THE ONE OF 64 CHANNELS
RESERVED TO SERVICE THE ASSOCIATED
DEVICE, IF THE DEVICE IS CONNECTED
TO AN EXCHANGE, THIS FIELD IS IGNORED
UNLESS THE USE INDICATED CHANNEL IS
SET,

USED IN CONJUNCTION WITH THE ICN

WHEN THE DEVICE IS CONNECTED TO AN
EXCHANGE, THE BIT IS USED TO
INDICATE A SPECIFIC CHANNEL WHEN I7
IS DESIRABLE TO OVERRIDE THE JIOM PATH
SELECTTION,

IDENTIFIES THE ASSOCIATED DEVICE AS
BEING CONNECTED TD AN EXCHANGE (EB*=1)
OR A NON=EXCHANGE DEVICE (EB=0),

SPECIFIES THE BYTE SIZE AS BEING
EITHER SIX (BT=1) OR EIGHT (BT=0)
BITS FNR STANDARD PERIPHERALS,

SPECIFIES THE CODE TRANSLATION
REQUIREMENTYS OF THE IOM FOR THE
ASSQCIATED DEVICE,

IDENTIFIES THE LOCATION OF THE
FIRST 10 REQUEST (DQE) IN THE
DEVICE QUEUE.,
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QUEUER DEVICE ELEMENT IDENTIFIES THE DE AS A QUEUER DE,

(oDE) BIT

BYTE SIZE (BS) FIELD

NO. OF SERVICE
ATTEMPTS (NS)
BITS

DEVICE QUEUE TAIL
LINK (DQTL) FIELD

10 ERROR RETRY
COUNT (IO0ER) FIELD

HEAD=WARD LINK
(HWL) FIELD

EXCEPTION MASK
(EMY FIELD

SPECIFIES THE AMOUNT OF DATA TQO BE
TRANSFERRED PER TRANSFER TIME, IN
BYTES,

MAINTAINS A RECORD OF THE NUMBER OF
IOM(S) THAT HAVE ATTEMPTED TO START
A JOB ON THE EXCHANGE ASSOCIATED
WITH THE DEVICE,

IDENTIFIES THE LOCATION OF THE LAST
10 REQUEST (DQE) IN THE DEVICE QUEUE,

SPECIFIES THE NUMBER OF TIMES AN IO
REQUEST SHOULD BE RETRIED IF AN
ERROR CONDITION IS PRESENT, (USED
FOR AUTOMATIC RETRY,)

IF APPLICABLE», IDENTIFIES THE LEVEL=1
ADDRESS OF THE EXCHANGE ELEMENT

OR INDIRECTY ELEMENT

ASSOCIATED WITH THE DEVICE,

SPECIFIES CONDITIONS WHICH ARE
TO BE PROCESSEND AS EXCEPTIONS,

INDIRECT EXCHANGE ELEMENT (1E)

OSSNV SO SPPENOTe NS

AN INDIRECT ELEMENT (IE) IS REQUIRED FOR EACH SHARED EXCHANGE IN
THE 1/0 SUBSYSTEM, INDIRECT ELEMENTS CONTAIN I/0 REQUESTS»
INCLUDING ASSOCIATED EXCHANGES IN THE 1/0 PATHs WHICH HAVE NOT YFT
BEEN STARTED, THE TE ALSO CONTAINS THE NUMBER OF I/0 MODULES
LINKED TO THE EXCHANGE. WHEN AN IOM IS SERVICING A REQUEST FOR A
DEVICE CONNECTED WITH A SHARED EXCHANGE, THE REQUFST IS DIRECTED TO
THE IE BY THE DE., THE TE IN TURN DIRECTS IT TO THE EXCHANGE
ELEMENT ASSOCIATED WITH THE LOWESTY NUMBERED I0M LINKED TO THE
SHARED EXCHANGE, THE VARIQUS FIELDS ARE:

INDICATES WHEN PRESENT, THAT THE IE
IS BEING OPERATED ON BY AN 10Ms AND
PREVENTS ANOTHER IOM FROM TRYING TO
OPERATE ON IT AT THE SAME TIME,

LoCK (L) BIT

ELEMENT TYPE (ET) FIELD IDENTIFIES THE ELEMENT AS AN IE (CODE
ott),
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NO. OF IOM(S) FIELD SPECIFIES THE NUMBER OF IO0M(S) WHICH
SHARE THE EXCHANGE,
HEAD=WARD LINK (HWL) IDENTIFIES THE LEVEL=1 ADDRESS OF
FIELD THE EE ASSOCIATED WITH THE LONWEST
NUMBERED IOM CONNECTED TO THE
EXCHANGE, TO ENABLE THE "EXCHANGE
RING WALK"™ ROUTINE TO BE EXERCISED
WHEN REQUIRED,
RING WALK COUNT (RWC) MAINTAINS A RECORD OF THE NUMBER OF
FIELD JOBS QUEUED FOR THIS EXCHANGE WHICH
MUST BE STARTED WITH THE "RING WALK"
ROUTINE WHEN AN EXCHANGE CHANNEL
BECOMES AVAILABLE,
DE RING LINK (DE=RL) IDENTIFIES THE LEVEL*=1 ADDRESS OF
FIELD THE DE OF THE LOWEST NUMBERED DEVICE
CONNECTED TO THE EXCHANGE, TO ENABLE
THE "DEVICE RING WALK™ ROUTINE TO BE
EXERCISED WHEN REQUIRED,
EXCHANGE ELEMENT (EE)
AN EXCHANGE ELEMENT (EE) IS ASSOCIATED WITH EACH IOM=TO=EXCHANGE
MODULE INTERFACE IN THE 1/0 SUBSYSTEM, EXCHANGE ELEMENTS CONTAIN
THE EXCHMANGE CHANNELS WHICH ARE CONNECTED YO A SPECIFIC IOM, IF
THE EXCHANGE IS SHARED BY MORE THAN ONE IOM» THE EE ASSOCIATED WITH
IOM=EXCHANGE POINTS TO THE NEXT*HIGHFR NUMBERED IOM=TO=EXCHANGE EE
ASSOCIATED WITH THE SAME EXCHANGE, WHEN AN IOM IS SERVICING AN I/0
REQUEST FOR A DEVICE CONNECTED T0 A NON=SHARED EXCHANGE, IT IS
DIRECTED TO THE EE BY THE DE FOR THAT DEVICE. IT WILL DETERMINE IF
AN EXCHANGE CHANNEL IS AVAILABLE TO SERVICE THAT REQUEST. WHEN AN
IOM 1S SERVICING AN 1,0 REQUEST FOR A DEVICE CONNECTED TO A SHARED
EXCHANGE» IT IS DIRECTEpD TO THE EE BY EITHER THE TE FOR THAT
EXCHANGE OR ANOTHER EE. THE CORRECT EE HAS BFEN FOUND WHEN THE
NUMBER IN THE [I0M NUMBER FIELD IS THE SEARCHING IOM NUMBER, THE
VARIOUS FIELDS ARE:
LOCK (L)Y BIT INDICATES WHEN PRESENT, THAT THE EE

IS BEING OPERATED ON BY AN IOM» AND
PREVENTS ANOTHER IOM FROM TRYING TO
OPERATE ON IT AT THE SAME TIME,

ELEMENT TYPE CET) FIELD IDENTIFIES THE ELEMENT AS BEING AN EE
(CODE 100),

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
Burroughs Defense, Space and Special Systems Group, Paoli, Pennsylvania,



. X}

1761=2045
EE RING LINK=DE IF THE EE IS ASSOCIATED WITH A SHARED
RING LINK FIELD CINDIRECT) EXCHANGE,» THIS FIELD WILL

POINT TO ANOTHER EF WHICH IS

ASSOCIATED WITH THE SAME EXCHANGE,
TO ENABLE THE "EXCHANGE RING LINK®
ROUTINE TO BE EXERCISED BY AN I0M,

IF THE ASSOCIATION IS WITH A
NON=SHARED EXCHANGE, THIS FIELD WILL
POINT YO TYHE DE OF THE FIRST DEVICE
CONNECTED WITH THE EXCHANGE» TO ENABLE
THE "DEVICE RING WALK™ ROUTINE TO BE
EXERCISED,

RING WALK COUNT (RWC) MAINTAINS A RECORD OF THE NUMBER OF

FIELD JOBS QUEUED FOR THIS EXCHANGE WHICH
MUST BF STARTED BY A RING WALK WHEN
A CHANNEL IN THE EXCHANGE BECOMES
AVAILARLE,

CHANNEL COUNT (CC) FIELD SPECIFIES THE NUMBER OF CHANNELS
RESERVED TU SERVICE THE EXCHANGE.

CHANNEL NOs FIELD IDENTIFIES THE LOWEST NUMBERED (BASE)
I/0  CHANNEL ASSOCIATED WITH THE
EXCHANGE,

BuSY FIELD (BF) INDICATES THE STATUS OF EACH CHANNEL

CONNECTED WITH THE EXCHANGE,

I0M NO.» FIELD IDENTIFIES THE IOM ASSOCIATED WITH
THE EXCHANGE ELEMENT,

DEVICE QUEUE ELEMENT (DQE)

EACH DEVICE HAS ITS OWN DEVICE QUEUE WHICH HOLDS THE 1/0 REQUESTS.»
KNOWN AS DEVICE QUEUE ELEMENTS (DQE), THESE REQUESTS ARE SERVICED
IN A FIRST IN=FIRST OUT MANNER,

THE DEVICE QUEUE ELEMENTS ARE CONSTRUCTED BY IMP WHEN A PROCESS
REQUIRES THAT AN ASYNCHRONOUS TRANSFER BE MADE BETWEEN LEVEL=1 AND
LEVEL=3, THE DQE DEFINES THE I/n OPERATION REQUESTED RY THE
PROCESS, WHEN IMP LISTS THE 0DQE IN THE DEVICE QUEUE IT ALSO
NOTIFIES ALL 1/0 MODULES CAPABLE OF SERVICING THE DEVICE TO WHICH
THE DEVICE. QUEUE BELONGS THAT AN 1/0 REQUEST IS WAITING TO BE

SERVICED,
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THERE ARE TWO FORMS OF DEVICE QUEUE ELEMENTSS A GENERAL DQE AND A A
DISK DEVICE QUEUE ELEMENT (DDQE)e THE DQE IS REQUIRED TO REQUEST
AN I/0 OPERATION OF ALL PERIPHERAL DEVICES IN THE I/0 SUBSYSTEM,»
EXCLUDING DISK FILE SYSTYEMS, THE DDOF IS REQUIRED TO REQUEST AN I/
O OPERATION OF A DISK FILE SYSTEM, WHMEN REQUESTING THE SERVICES OF
A QUEUER=CONTROLLED DISK FILE SYSTEM, THE QUEUER AND THE DISK FILE
ARE BOTH CONSIDERED DEVICES, THEREFORE, BOTH THE QUEUER AND THE
DISK FILE REQUIRE A DDQE, THE VARIOUS FIELDS ARE:

ELEMENT TYPE (ET) FIELD IDENTIFIES THE ELEMENT AS BEING A DQE
(CONDE 010),

INTERRUPT BIT (INB) SPECIFIES WHETHER OR NOT THE
ORIGINATING PROCESS WANTS TO BE
NOTIFIED UPON COMPLETION OF THE 10
OPERATION,

EXECUTED (EXE) BIT THIS RIT POSITION IS UNUSED IN THE
DQE. HOWEVER» WHEN PRESENT IN THE
SQE, INDICATES THAT THE DQE WAS

EXECUTED,
LINK TO NEXT REQUEST IDENTIFIES THE LEVEL=1 ADDRESS OF
(H) FIELD THE FOLLOWING DQE QUEUED FOR THIS
DEVICE,
BYTE LENGTH DEFINES THE LENGTH OF THE DATA TO BE
FIELD (BL) TRANSFERRED IN BYTES.,
Op CODE FIELD DEFINES THE 1/0 OPERATION REQUIRED OF

THE PERIPHERAL DEVICE,

INSTRUCTION CODE FIELD DEFINES THE 1/0 OPERATION REQUIRED OF
THE I0OM AS FOLLOWS?S

CONE 000 = INITIATE 1/0

COnNE 001 = INTERROGATE
PERIPHERAL STATUS == NOTIFY WHEN
NOT READY, (NOT VALID FOR
QUEUER CONTROLLED DISK FILE
SYSTEMS AND EXCHANGE DEVICES.)

CODE 010 = READ RESULT
DESCRIPTOR,

COnNE 011 = INTERROGATE
PERIPHERAL STATUS == NOTIFY WHEN
READY,
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NDO. OF RETRIES
(NR) FIELD

IMP ERROR (IMPE) BIT

RESULT DESCRIPTOR
(RD) FIELD

LEVEL=1 ADDRESS
MEMORY BOUNDS (L1MB)

6= 11

CODES 100 THRU 111 = HAVE
DIFFERENT INTERPRETATIONS FOR
THE VARIOUS PERIPHERAL DEVICES
IN THE 11/0 SUBSYSTEM AND»
THEREFORE» ARE DEFINED IN THE
DATA SERVICE UNIT PORTION OF
THIS SPECIFICATION,

MAINTAINS A RECORD OF THE NUMBER OF
TIMES THE DQE WAS INITIATED BEFORE
BEING SUCCESSFULLY EXECUTED, (USED
FOR AUTOMATIC RETRY OPERATION,)

THIS RIT POSITION IS UNUSED IN THE
DQE, HOWEVER, WHEN PRESENT IN THE
SQE,» INDICATES THAT ONE OF THESE
ERROR CONDITIONS WAS DETECTED DURING
THE INITIATION OF THE DQE AND THE DeE
THEREFNRE TERMINATED PREMATURELY.

A, THE I0E BIT IN THE
ASSOCIATED DE WAS SET AT THE
TIME THE 10M WAS DIRECTED TO
INITIATE THE DQE.

B THE RC FIELD OF THE
ASSOCIATED DE WAS EQUAL TO ZERO
AT THE TIME THE DQE WAS BEING
INITIATED,

Co THE BUSY (B) BIT OF THE
ASSOCIATED DE WAS RESET WHEN THE
IOM ATTEMPTED TO REINITIATE THE
DEVICE AFTER A SUCCESSFUL
(NORMAL) TERMINATION OF A
SUBSEQUENT D@QE,

THIS FIELD IS RESERVED FOR USE IN

THE SQE, THE RESULT DESCRIPTOR
GENERATED FOR THE OPERATION SPECIFIED
IN THE DQE SHALL BFE PLACED IN THIS
FIELD JUST PRIOR TO THE DQE BEING
TRANSFERRED INTO THE STATUS QUEUE,

THIS FIELD IS NORMALLY USED YO
IDENTIFY THE LEVEL=1 ADORESS AT WHICH
THE DATA TRANSFER IS TO START,
HOWEVERs, WHEN USED IN CONJUNCTION
WITH *"LDAD DCP BOUNDS REGISTER"
(UNIQUE O0OSU COMMAND) INSTRUCTION
CODE» THIS FIELD IDENTIFIES THE
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CHANNEL USED (cu) FIELD

DEVICE VARIANT
(DV) FIELD

LINK BIT (LB)

LINK ADDRESS (LA) FIELD

HOME ADDRESS (HA) FIELD

IoM HOME ADDRESS
(10M=HA) FIELD

THE VARIOUS DDQE FIELDS AREs

ELEMENT YYPE (ET)
FIELDS

INTERRUPY BITS (INB)

EXECUTED CEXE) BITS

HEAD=WARD LINK C(HWL/H)
FIELD

6= 12

MEMORY BOUNDS TO BE LOADED INTO THE
MEMORY BOUNDS REGISTER OF THE DCP,

WHEN THIS FIELD IS NOT WUSED TO
CONTAIN A LEVEL=1 ADDRESS» THE
LENGTH IN BYTES» OP CODE» NUMBER OF
RETRIES» AND RESULT DESCRIPTOR
FIELDS WILL BE INTERPRETED BY THE
I0OM AS CONTAINING NO VALID DATA,

THIS FIELD IS RESERVED FOR USE IN THE
SQE Tn IDENTIFY THE CHANNEL USED BY
THE I0M TO SERVICE THE SPECIFIED
DEVICE,

DEFINES THE OPERATING PARAMETERS OF
THE ASSOCIATED PERTPHERAL DEVICE,

SIGNIFTES A LINK TO ANOTHER DEVICE
AFTER A NORMAL TERMINATION,

THIS FIELD IS USED BY THE I0OM TO
QUEUE REQUESTS TO ANOTHER DEVICE OR
TO THE MEC, THE ADORESS POINTS TO A
DQE OR A DDQE WHICH IS LINKED TO ITS
ASSOCIATED DE,

THIS FIELD IS USED 1IN CONJUNCTION
WITH LA TO QUEUE REQUESTS TO OTHER
DEVICES,

I0M NUMBER ASSOCIATED WITH HA,

IDENTIFIES THE ELEMENT AS
BEING A DDQE (CODE 101.)

SPECIFTES WHETHER OR NOT THE
ORTGINATING PROCESS WANTS T0 BE
NOTIFIED UPON COMPLETION OF THE 1/0
OPERATION,

(SAME AS SPECIFIED FOR DQE.)

IDENTIFIES THE LOCATION OF THE DE
ASSOCIATED WITH THE REQUESTED DISK
AND IS ALSO USED WHEN THE DDQE IS
LINKED TO THE DE.
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BYTE LENGTH (BL) FIELD

Op CODE FIELD
INSTRUCTION (INS)
CODE FIELD

NUMBER OF RETRIES
(NR) FIELD

IMP ERROR (IMPE) BIT

QUEUER INSTRUCTION CODE
colIcC)

QUEUER OPERATION cOOf
(00C)

RESULT DESCRIPTOR (RD)
FIELD

LEVEL=1 ADDRESS
FIELD

CHANNEL USED ccu)y FIELDS
DISK ADDRESS FIELD (DA)

BIT LENGTH (BL) FIELD

6= 13

SPECIFIES THE TOTAL LENGTH OF THE
DATA To BE TRANSFERRED TO OR FROM THE
DISK FILE SYSTEM» IN BYTES,»

DEFINES THE 1/0 OPERATION REQUIRED OF
THE PERIPHERAL DEVICE,

(SAME AS SPECIFIED FOR DOE)
MAINTAINS A RECORD OF THE NUMBER OF
TIMES THE DOQE WAS INITIATED BEFORE
BEING SUCCESSFULLY EXECUTED (USED FOR
AUTOMATIC RETRY OPERATION,)

(SAME AS SPECIFIED FOR DQE)

THE INSTRUCTION CODE USED WHEN THE
QDE BIT IS SET IN THE ASSOCIATED DE,

THE OPERATION CODE USED WHEN THE
QDE BT IS SET IN THE ASSOCIATED DE,

(SAME AS SPECIFIED FOR DQE)
IDENTIFIES THE LEVEL=1 ADDRESS AT
WHICH THE DATA TRANSFER IS TO START,
(SAME AS SPECIFIED FOR GENERAL DQE)

IDENTIFIES THE STARTING DISK ADDRESS
INVOLVED IN THE DATA TRANSFER,

USED IN CONJUNCTION WITH BL TO ALLOW
DISK TRANSFER TO BE SPECIFIED 7O THE
81T,

TYPICAL I/0 INITIATION USING !OSM

PO SO SPeOTOSOOY N mewe

TYPICAL I/0) OPERATION STARTS WHEN A PROCESS BEING PERFORMED BY A

CPM REQUIRES THAT AN ASYNCHRONOUS TRANSFER OF DATA BE MADE BETWEEN
LEVEL®1 AND LEVEL"=3 STORAGE. WHEN THIS OCCURS» THE PROCESS
PREPARES A REQUEST WHICH CONTAINS!
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A, A TERMINAL DESCRIPTION OF THE LEVEL=1 STORAGE AREA INVOLVED,

B, AN OPERATION CODE WHICH DEFINES THE OPERATIONS REQUIRED OF
THE PERIPHERAL DEVICE,

Ce A TERMINAL DESCRIPTION OF A LEVEL=3 DEVICE,

D, AN 1,0 COMPLETE cODE 7O INDICATE WHETHER OR NOT THE
REQUESTING PROCESS WANTS TO BE NOTIFIED WHEN THE I/0 OPERATION IS
COMPLETE,

Ee AN I/0 INSTRUCTION CODE WHICH OEFINES THE OPERATIONS REQUIRED
OF THE I0M,

THIS REQUEST IS PASSED 71O IMP VIA A PROGRAMMATIC IMP CALL, IMP
THEN PERFORMS FINAL COMBINE OPERATIONS ON THE TERMINAL DESCRIPTIONS
PRESENT IN THE REQUEST., IF A FINAL COMBINE ERROR OCCURS» IMP WILL
FAULT THE REQUESTING PROCESS, IF NO FINAL COMBINE ERROR CONDITIONS
EXIST, IMP WILL USE THE ABSOLUTE DESCRIPTION OF THE LEVEL=3 DEVICE
(DEVICE VECTOR INDEX) TQ SELECT» FROM THE DEVICE VECTOR» THE
POINTER TO THE APPROPRIATE DF, WHICH IT THEN READS AND LOCKS, IMP
THEN CHECKS THE DE TO ENSURE THAT THE 1/0 ERROR (IDER) BIT IS OFF,
AND THAT THE BUSY BIT IS NOT SET CONCURRENT WITH THE REQUEST COUNT
FIELD BEING EQUAL TD ZERO« IF ANY OF THESE ERROR CONDITIONS EXIST,
IMP WILL FAULT THE REQUESTING PROCESS, 1IF NO ERROR CONDTITIONS
EXIST, IMP WILL CONSTRUCT A DQE WHICH WILL IDENTIFY THE 1/0
OPERATION REQUIRED. THE CONSTRUCTION OF THE DQE BY IMP INVOLVES
THE FOLLOWING OPERATIONS?Y

A, ALLOCATING STORAGE SPACE FOR THE REQUEST,

Be DETERMINING THE BYTE COUNT TO BE PLACED IN THE REQUEST, THIS

IS ACCOMPLISHED BY REAQDING THE BYTE SIZE OF THE DEVICE FROM THE
DE» AND USING IT TO INTEGER DIVIDE THE LENGTH FIELD OF THE LEVEL-

1 STORAGE DESCRIPTION SPECIFIED BY THE REQUESTING PROCESS.

Co TRANSFERRING THE QPERATION AND INSTRUCTION CODES FROM THE
PROCESS REQUEST TO THE REQUEST BEING CONSTRUCTED.

D PLACING THE ABSOLUTE LEVEL=1 STARTING ADDRESS OF THE LEVEL=1
STORAGE AREA INVOLVED IN THE REQUEST,

Es GENERATING AND PLACING THE PROCESS IDENTIFICATION IN THE
REQUEST,
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IMP THEN LINKS THE DQE INTO THE BOTTOM OF THE APPROPRIATE DEVICE
QUEUE» AS POINTED TO IN THE DEVICE QUEUE TAIL LINK FIELD IN THE
APPROPRIATE DE, THE DEVICE QUEUE TAIL LINK FIELD IS THEN UPDATED,
AND THE REQUEST COUNT (RC) FIELD IS INCREMENTED, THE DE IS THEN
WRITTEN BACK INTO MEMORY» UNLOCKING THE ELEMENT,

IF THE REQUEST COUNT FIELD OF THE DE WAS ORIGINALLY ZEROs» IMPLYING
THERE WwERE NO J0BS ALREADY QUEUED FOR THE REQUESTED DEVICE» THE DE
ADDRESS IS SENT TO THE "HOME DEVICE® FIELD OF ALL THE I/0 MODULES
IDENTIFIED IN THE DEVICE VECTOR AS HAVING PATHS TO THE DEVICE,» AND
THESE 1,0 MODULES ARE NOTIFIED OF THIS ACTION VIA AN INTERRUPT BUS,
IF THE REQUEST COUNT OF THE DE WAS NOT EQUAL TO ZERO» THE DQE WOULD
JUST BE LINKED INTO THE BOTTOM OF THE DEVICE QUEUEs, AND
NOTIFICATION OF THE I/0 MOOULES wOULD NOT BE NECESSARY,

THE PROCESSOR IS THEN FINISHED WITH THE IO OPERATION AND CAN DO AN

IMP RETURN, IF THE ELEMENTS IMP ATTEMPTED TO READ FROM THE I0SM
WERE LOCKED» IMP MUST WAIT TO QUEUE THE DQE UNTIL THEY ARE UNLOCKED.

FUNCTIONAL IOM DIVISION

THE IOM IS FUNCTIONALLY DIVIDED INTO!
Ay TRANSLATOR UNIT (TU.)
B, MEMORY INTERFACE UNIT (MIU),
Ce DOATA SERVICE UNIT (DSU),

TRANSLATOR UNIT

THE Ty IS A SPECIALIZED PROCESSOR, THE Ty IS THE IOM MECHANISM
WHICH SERVICES THE 1/0 REQUESTS, BY ADDRESSING THE I/0 SUBSYSTEM
MAP TO DOETERMINE THE LOCATION OF THE DQE HOLDING THE SERVICE
REQUEST AND DETERMINE THE PATHS AVAILABLE TO DEVICE BEING SERVICED.
THE TRANSLATOR RESPONDS TO:

Ay NEW REQUEST INITIATIQNS,
By DATA SERVICE COMPLETE CONDITIONS.
Co IMP AND IOM ERROR CONDITIONS,

D, DO1SK QUEUER INITIATED 170 OPERATIONS AS AN EXPLICIT MODE OF
OPERATION, :
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MEMORY INTERFACE UNIT

THE MIU WILL PERFORM ALL LEVEL=1 TO LEVEL=3 TRANSFERS, THE MIU
WILL HANDLE THESE TRANSFERS AS FIELD*"ORIENTED OPERATIONS ON A
PREASSIGNED BASIS OF PRIORITY, THE PRIORITY IS BASED ON THE
FUNCTIONAL UNIT MAKING THE REQUEST, (SEE SPECIFICATION CP 1760~
0008 FOR DETAILS),

DATA SERVICE UNIT
THE DSU IS COMPOSED OF:

A, A DATA COMMUNICATION PROCESSOR INTERFACE UNIT, WHICH
INTERFACES WITH DATA COMMUNICATION DEVICES,

B A MULTIPLE WORD DEvICE INTERFACE UNIT WHICH INTERFACES WITH
EXTREMELY FAST DEVICES, AS DEFINED IN SPECIFICATIONS CP 1760~
1220, CP 1720=48454, AND CP 1904<=3223,

Ce A PERIPHERAL CONTROLLER INTERFACE UNIT WHICH INTERFACES WITH
ALL OTHER DEVICES.

ALL THREE UNITS WILL WORK ASYNCHRONDUSLY WITH THEIR DEVICE
CONTROLLERS (SEE SPECIFICATION CP 17600008 FOR DFETAILS).

RELATED SPECIFICATIONS

MEMORY MODULE CP1720-5576
INTERPRETER CP1720=5592
1/0 MODULE CP1760=0008
B8500 GENERAL SPECIFICATION 1761-2045

RELATED HARDWARE SPECIFICATIONS

A, CARD READERS

B 9111 800 CPM T 1657
8 9112 1400 CPM T 1657

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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2045
CARD PUNCH
9213 300 CPM 1188 2271
PRINTERS
9242 815 LPM 78 411
9243 1040 LPM 78 411
PAPER TAPE READER
eeP0e sSvew eeeee
9120 $500=1000 CPS 1187 9376

PAPER TAPE PUNCH

9220 100 CPS 1187 9384

MAGNETIC TAPE UNITS

9381 36 KB CLUSTER» 4=STA, (9°CH,800 BPI)

9382 72 KB CLUSTER» 4=STA, (9=CH, 1600 BPI)

9383 9=25%36 KC CLes8"STA, (7=CH,200 556 800 BPI)
9391 1825072 KC MeTs UNIT (7=CH, 200 556 800 BPI)
9392 72 KB M.T, UNIT (9=CH, 800 RPI)

9393 1844 KB M,T, UNIT (9=CH, 1600 BPI)

9394  284~66=96 KC MeTe UNIT (7=CH, 200 556 800 BPI)

1630
1630
1630
1129

1129

DISK FILES (SYSTEMS MEMORY AND MODULAR RANDOM STORAGE)

9372=1 10 MILLION BYTE STORAGE 20 MS 1630 0626
9372=7 20 MILLION BYTE STORAGE 23 MS 1122 5265
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He

I,

Je

Ke

Le

DISK FILE (DATA MEMORY BANKS)

9375=0 100 MILLION BYTE STORAGE 23 MS$
9375=2 100 MILLION BYTE STORAGE 40 MS
93753 100 MILLION BYTE STORAGE 60 MS

DISK FILE ELECTRONIC UNITS

ST SOPeSD POOISGONSS goesee

9371=1 DFEU FOR B 9372=1 1198 0778
93712 DFEU FOR B 9372=7 1122 5273

DATA CUMMUNICATION DEVICES

CPNE SPNOVEPCOPE® Soomwam

1122 5265
1122 5265

9350 TYPEWRITER INQUIRY STATION 1187 9756

DATA COMMUNICATION CONTROL

6350 DATA COMMUNICATION PROCESSOR 1141 8225
73%0 DATA COMMUNICATION PROCESSOR 1141 8225

MULTIPLE TAPE LISTER

9244 $IXx TAPE DRUM LISTER 1631 0096

MICR SORTER READER

9130 1149 5454
9131 1149 54548
9132 1149 5454
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N, REMOTE COMPUTERS

oe CeoSe®e veeSseseoce

TC 500

8 500 1631 0963
B8 250073500 1121 0606
B 5500 1631 0963
B 650077500 1128 7508

O. ODISPLAY DEVICES

B 9351 INPUT AND DISPLAY 1700 2890
B 93%2 INPUT AND DISPLAY 1718 1777

#e 1/0 CONTROL

- e eseowes

B 8512 INPUT/QUTPUT MODULE CP1760 0008
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SECTION 7
OPERATORS CONSOLE

INTRODUCTION

THE OPERATORS CONSOLE PROVIDES THE OPERATOR WITH FACILITIES FOR
COMMUNICATING WITH THE 88500 SYSTEM, THE OPERATORS CONSOLE
CONSISTS OF A SUPERVISORY DISPLAY AND AN OPERATORS CONTROL PANEL,

SUPERVISORY DISPLAY

THE SUPERVISORY DISPLAY INCLUDES A 7=INCH BY 8,5"INCH CATHODE=RAY
TUBE MONITOR SCREEN DISPLAYING UP TO 24 INES OF a0 CHARACTERS EACH,
THE OISPLAY PROVIDES THE CAPABILITY OF DISPLAYING 69 DIFFERENT
CHARACTERS PLUS A CURSOR WHICH IS USED TO INDICATE THE ACTIVE INpUT
POSITION, INPUT FROM THE KEYBOARD AS WELL AS OUTPUT FROM THE
SYSTEM IS ODISPLAYED, THE KEYBOARD INCLUDES A CONVENTIONAL
TYPEWRITER KEY ARRANGEMENT PLUS SPECIAL CHARACTERS AND CONTROL KEYS,
KEYS ARE ELECTYRICALLY INTERLOCKED TO PREVENT ACTIVATION OF MORE
THAN ONE KEY AT A TIME,

OPERATORS COMTROL PANEL

THE OPERATORS CONTROL PANEL CONTAINS SWITCHES AND INDICATORS NEEDED
FOR OPERATING THE SYSTEM BUT OOES NOT INCLUDE SWITCHES AND
INDICATORS USED IN SYSTEM MAINTENANCE, THE CONTROL PANEL ALSO HAS
A CONVENIENT WORK SURFACE,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
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CONTROL PANEL SWITCHES

THE CONTROL PANEL CONTAINS THE FOLLOWING?S

LOAD SWITCH

THE LOAD SWITCH IS USED TO STARTY OPERATION OF THE SYSTEM, THE LOAD
SWITCH CLEARS ALL CONTROLLERSs LOADS DATA FROM A DESIGNATED CARD
READER OR DISK (DEPENDING UPON THE SETTING OF THE LOAD SELECT
SWITCH) INTO ADDRESS O OF THE DESIGNATED LEVEL=1 MEMORY MODULE» AND
INITIATES THE CPM DESIGNATED BY THE DESIGNATE SWITCH.

LOAD SELECT SWITCH

THE LDAD SELECT SWITCH HAS TwO SETTINGS WMICH, UPON ACTIVATION OF
THE LOAD SWITCH» PROVIDE ONE OF THE FNLLOWING FUNCTIONS:

A, CARDs THE "CARD™ SETTING IS USED TO READ A BOOTSTRAP PROGRAM
INTO THE SYSTEM FROM A CARD READER.

Bse DISK$ THE "DISK"® SETTING OF THE SELECT SWITCH IS USED TO READ
IN A BOOTSTRAP PROGRAM FROM DISK,

DESIGNATE SWITCH

THE DESIGNATE SWITCH IS USED TO SPECIFY THE NUMBER OF THE CPM WHICH
WILL BE AFFECTED BY ACTIVATION OF THE HALT» RESTART» OR LOAD SWITCH,

HALT SWITCH

THE HALT SWITCH CAUSES THE CPM INDICATED BY THE DESIGNATED SWITCH
TO EITHER STOP AT COMPLETION OF THE CURRENT OPERATION, TREAT HALTS
ON NO=0P OPERATORS» OR TO STOP WHEN THE VALUE OF THE ADDRESS
REGISTER IS EQUAL TO THE VALUE OF THE STOP*ADNRESS REGISTER.

The proprietary inforraation contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or publizhed, without written authorization of the
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RESTART SWITCH

THIS SWITCH CAUSES THE CPM INDICATED BY THE DESIGNATED SWITCH TO BE
RESTARTED,

POWER=QON SWITCH

THE POWER=ON SWITCH CAUSES POWER TO BE SUPPLIED TO THE SYSTEM,
PERIPHERAL DEVICES HAVE THEIR OwWN POWER CONTROL SWITCHES AND ARE
NOT AFFECTED BY THIS SWITCH,

POWER=QFF SWITCH

THIS SWITCH CAUSES POWER TO BE REMOVED FROM ALL THE SYSTEM UNITS
EXCEPY PERIPHERAL DEVICES,

RELATED HARDWARE SPECIFJCATIONS

B9352 INPUT AND DISPLAY TERMINAL 1718 1777

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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SECTION 8

DIAGNOSTICS AND CONFIDENCE TESTING

INTRODUCTION

DIAGNOSTIC AND CONFIDENCE TESTING FOR THE B8500 IS DIVIDED INTO
OFF=LINE STATIC TESTING AND ON<LINE DYNAMIC TESTINGs THE OFF=~LINE
TESY FACILITY IS THE MAINTENANCE DIAGNOSTIC PROCESSOR (MDP) AND THE
ON= LINE TEST FACILITY IS THE AUTOMATIC DIAGNOSTIC SUBSYSTEM (ADS),

MAINTENANCE DIAGNOSTIC PROCESSOR (MOP)

THE MAINTENANCE DIAGNOSTIC PROCESSOR (MDP) IS ACTIVATED WHEN THE
PRESENCE OF A RECURRING HARDWARE ERROR BECOMES APPARENT, THE MDP
PERMITS AN EXHAUSTIVE TEST OF ALL PRNCESSORS (CPU» IOM» MEC,» ETC.)
AND ALL PRIMITIVE FUNCTIONS WITHIN THEM,

SHOULD THIS HARDWARE ERROR BE VALIDATED BY THE ADS, IT THEN BECOMES
POSSIBLE FOR THE SYSTEM TO DETECT AND FOR THE MDP TO RESOLVE AN
ERROR CONDITION WITHOUT STOPPING THE FNTIRE SYSTEM,

AUTOMATIC DIAGNOSTIC SUBSYSTEM (ADS)

THE ADS ESTABLISHES AND MAINTAINS SYSTEM PERFORMANCE. IF AN ERRNR
EXISTSs THE ADS WILL INITIATE THE NECESSARY LEVELS OF TESTING TO
ISOLATE A REASONABLE LOGIC STRING WHILE THE DEGRADED SYSTEM
CONTINUES WITH USEFUL WORK,

THE ADS WILL BE SCHEDULED B8Y OUTSIDE INTERVENTION TO PERFORM
PERIODIC SYSTEM TESTING. THE ADS WILL BE SUPPLIED ALL REQUIRED
RESOURCES» INCLUDING A TIME FRAME» TO PERFORM A GIVEN TEST FUNCTION,
FOR EXAMPLE» THE ADS WILL BE ACTIVATED AND PASSED THE REQUIRED
RESOURCES TO TEST A DIsk FILE STORAGE UNIT WHICH HAS BEEN
INDICATING ERRORS, OR THE OPERATOR WILL REQUEST THE ADS TO EXECUTE

A SYSTEM CONFIDENCE CHECK.,

The proprietary information contained in this document is the property of the Burroughs Corporaticn and should
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THE ADS OPERATES 1IN DETECTION AND ISOLATION MODES. IN DETECTION
MODE» SYSTEM CONFIDENCE IS MAINTAINED BY THE EXECUTION OF
CONFIDENCE ROUTINE SEGMENTS THAT ARE STRUCTURED TO THE COMPLEXITY
OF USER PROGRAMS, IF AN ERROR IS DETECTED, THE ADS WILL ENTER THE
ISOLATION MODE WHERE A WELL-DEFINED SEQUENCE, DETERMINED BY THE
CONFIDENCE SURFUNCTION THAT DETECTS THE ERROR, WILL BE EXECUTED.

THE ADS CONTAINS A SYSTEMS CONFIDENCE FUNCTION (SCF)» WHICH IS
IMPLEMENTED B8Y INVOLVING AS MUCH OF THE OPERATING SYSTEM

CAPABILITIES AS POSSIBLE, THE SCF CONSISTS OF DATA PROCESSING»
COMPUTATIONs AND LIST PROCESSING TEST SEGMENTS, FOR EXAMPLE, A
SEGMENT IN THE DATA PROCESSING SURFUNCTION MIGHT WELL BE A SORT
PROBLEM THE RESULTS OF WHICH ARE CHECKED AGAINST KNOWN SORTED DATA,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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ACCESSING

ADDRESS SPACE

ALLOCATE

ATTRIBUTE

BINDING

DEALLOCATE

DESCRIPTION

DESCRIPTOR

SECTION 9

GLOSSARY

TRANSFORMING A LOGICAL
NAME TO A PHYSICAL
LOCATION,

THE SET OF STORAGE AND
DEVICES ACCESSIBLE 8Y THE
PROCESS,

BIND A STRUCTURE TO A MORE~-
GLOBAL STRUCTURE,

A CHARACTERISTIC OF AN OBUECT
THAT CAN BE INTERPRETED BY
THE SYSTEM,

THE ASSOCIATION OF A SPACE TO
AN OBJECT IDENTIFIED IN A
PROCESS.,

TO REMOVE A STRUCTURE FROM A
MORE=GLOBAL STRUCTURE., THE
SPACE IS RETURNED TO
UNASSIGNED SPACE,

SEE STRUCTURE,

SEE DESCRIPTION,
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DISPATCHING

ELEMENT

CONTAINER ELEMENT

SIMPLE ELEMENT

FAULT

EXTERNAL FAULT

INTERNAL FAULT

LOCALLY EXTERNAL FAULT

FIELD

FIELD ISOLATION UNIT

THE ACTION INVOLVED 1IN
RECOGNIZING MESSAGES FROM
SUBNODES AND EITHER
TRANSMITTING THE MESSAGES OR
SERVICING THEM,

AN ACCESSIBLE CONTIGUOUS SET
OF BITS,

A CONTIGUOUS SET OF BRITS
WHICH BOUND A STRUCTURE,

AN ELEMENT WHICH» FOR A GIVEN
STRUCTURE» HAS NO
SUBSTRUCTURE3S THAT IS, THE
ELEMENT CANNOT BE PARTITIONED
INTO A SET OF ELEMENTS,

AN OCCURRENCE SUCH AS DIVIDE
BY ZERO» MEMORY PARITY ERROR>
ETC,

A FAULT IN WHICH AN ANCESTOR
PROCESS IS TO RECEIVE CONTROL
ON OCCURRENCE IN THE COMPOUND
PROCESS,

A FAULT WHICH THE PARENT
PROCESS DELEGATES TO A
SUBPROCESS,

A FAULT IN WHICH THE PARENT
PROCESS WANTS TO RECEIVE
CONTROL ON THE OCCURRENCE IN
THE SUBPROCESS,

AN ELEMENT WHICH IS TREATED
A5 AN ENTITYJ THAT IS» THE
EILEMENT IS TREATED AS IF 1IT
HAS NO SUBSTRUCTURE,

A MODULE WHICH SERVES AS THE
INTERFACE BETWEEN THE CPM AND
MEMORY STORAGE UNITS,

The proprietary information contained in this document is the property of the Burroughs Corporation and should
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FREE SPACE

INTERPRETER

INTERRUPT

LEAFWARD

LENGTH

LEVEL"]

LEVEL"2

LEVEL"3

LINKED LIST

LOCATION

9« 3

THAT SPACE WITHIN A CONTAINER
ELEMENT THAT IS NOT ALLOCATED.
FREE SPACE IS STRUCTURED.,

NAME PROCESSING ELEMENT IN
THE CPM,

A MEANS FOR MODULES OF THE
SYSTEM T0 COMMUNICATE WwITH
EACH OTHER,

A TERM USED TO INDICATE THE
DIRECTION FROM A PROCESS
TOWARD THE SUBPROCESS 1IN A
PROCESS TREE. (OPPOSITE OF
ROOTWARD),

THE NUMBER OF BITS IN A FIELD,

MAIN MEMDRY STORAGE,

LEVEL=1 BACKUP STORAGE,

PERIPHERAL UNITS.

A CONTAINER ELEMENT
PARTITIONED INTO A SET OF
ALLOCATED ELEMENTS AND A FREE
SPACE, EACH ALLOCATED
ELEMENT (OR LIST ELEMENT) IS
PARTITIONED INTO A LINK
ELEMENT AND AN INFORMATION
ELEMENT, EACH LINK ELEMENT
IS A SET OF REFERENCES WHICH
DEFINE THE PATH TO0 THE
LOGICALLY ADJACENT LIST
ELEMENT,

THE FIRST BIT,
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MEMORY STORAGE UNIT

MULTIPROCESSING

MULTIPROGRAMMING

NAME

NESTED

NODE INDEX VECTOR

0BJECT '

PREEMPT FUNCTION

!

9= 4§

THE LEVEL=1 STORAGE MODULES,
THE MEMNRY STORAGE UNITS AND
FIELD ISOLATION UNITS
TOGETHER MAKE UP LEVEL=1
STORAGE,

THE SIMULTANEOUS OR
INTERLEAVED EXECUTION OF TwWO
OR MORE PROGRAMS OR SEQUENCES
OF INSTRUCTIONS BY A COMPUTER
NETWORK ,

THE INTERLEAVED EXECUTION OF
TWO OR MORE PROGRAMS BY A
COMPUTER,

STACK NUMBER, LEXIC LEVEL,
DISPLACEMENT» QR

LEXIC LEVEL» DISPLACEMENT, OR
DISPLACEMENT

TO BE INCLUDED WITHIN
ANOTHER, AS» FOR EXAMPLE, A
SUBPROCESS WORK SPACE IS
CONTAINED WITHIN THE WORK
SPACE OF A PARENT PROCESS,

THE PATH FOLLOWED BY THE
INTERPRETER TO REACH 1ITS
CURRENT PROCESS IN THE
PROCESS HIERARCHY,

ANY STRUCTURE WHICH IS
ACCESSED AS A SIMPLE ELEMENT,

AN IMP SCHEDULING FUNCTION
THAT ALLOWS A PROCESS TO
REMOVE ALL PROCESSORS FROM A

COMPOUND SUBPROCESS,
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PROCESS EXECUTION OF PROGRAM CODE BY
A PROCESSOR,

ANCESTOR PROCESS A  PROCESS THAT Is A
PREDECESSOR OF A PROCESS.,

COMPOUND PROCESS AN ORDERED SET OF PROCESSES
OR THE TREE STRUCTURE OF
NESTED PROCESSES (ALSO CALLED
PROCESS SUBTREE),

ELEMENTARY PROCESS A LEAF PROCESS,

GLOBAL PROCESS THE PARENT PROCESS OF EVERY
' OTHER PROCESS IN THE SYSTEM,

LEAF PROCESS A PROCESS WHICH HAS NO SuB-
PROCESS, A LEAF PROCESS
BECOMES A NODE PROCESS BY
CREATING SUBPROCESSES,

NESTED PROCESS A PROCESS WHICH HAS ITS WORK
SPACE CONTAINED WITHIN THE
WORK SPACE OF ANOTHER PRNOCESS,

NOOE PROCESS A PROCESS WHICH MANAGES SsuB=
PROCESSES,

PARENT PROCESS THE PROCESS THAT CREATED THE
PRESENT PROCESS,

PROCESS QUEUE A QUEUE OF MESSAGES
ESTABLISHED FOR EACH PROCESS.

SON PROCESS A PROCESS CREATED BY A PARENT
PROCESS,

PROCESS CALL AN IMP SCHEDULING FUNCTION
THAT ESTABLISHES A NEW
PROCESS 1IN THE HIERARCHY BY
ADDING A NEW PROCESS
DEFINITION TO THE RESOURCE
STACK AND ACTIVATING THE NEW
PROCESS,

PROCESS RETURN AN IMP SCHEDULING FUNCTION
THAT ALLOWS FOR THE RETURN OF
A PROCESSOR TO0 A PARENT
PROCESS,
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PROCESS SUBTREE

PROCESSNR

PUSHDOWN

QUEVE

READ

REFERENCE

ROOTWARD

SCHEDULING

SEGMENT

SEGMENT CONTAINER

SEGMENTATION

A SET OF SUBPROCESSES OR THE
TREE STRUCTURE OF NESTED
PROCESSES,

A PROCESSING ELEMENT WORKING
ON A PROCESS SPACE,

A STACK OF VARIABLE“LENGTH
ELEMENTS,

A CONTAINER ELEMENT WHICH IS
PARTITIONED INTO ALLOCATED
AND FREE SPACE. THE
ALLOCATION RULE IS "FIRST=IN,
FIRST=0UT,"

THE OPERATION WHICH OBTAINS A
COPY OF A SPECIFIED ELEMENT
IN A STRUCTURE,

-TERMINAL DESCRIPTION OF A

FIELD,

A TERM USED TO INDICATE THE
DIRECTION TOWARD THE ANCESTOR
PROCESSES IN THE PROCESS TREE,
(OPPOSITE OF LEAFWARD),

THE OPERATION OF SELECTING
AND ACTIVATING A SUBPROCESS
OR RETURNING TO A PARENT

PROCESS,

A PORTION OF INFORMATION
PERTAINING TO A PROCESS,

ALLOCATED STORAGE WHICH HOLDS
ONE OR MORE SEGMENTS,

A METHOD OF RESTRUCTURING OF

~INFORMATION FROM ONE
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SET

STACK

STRUCTURE
COMPLEX STRUCTURE
COMPOSITE STRUCTURE
SEQUENTIAL STRUCTURE

SUBPROCESS

TEMPLATE

9= 7

CONTAINER TO MULTIPLE
CONTAINERS,

A COLLECTION OF ELEMENTS,

A STORAGE AREA SUCH THAT

ITEMS ENTERED INTO IT CAN BE
REMOVED ONLY IN A FIRST=IN,
LAST=0UT ORDER AND CONTAINING
A SET OF CONTIGUOUS» EQUAL®"
LENGTH ELEMENTS,

AN ORDERING OF A SET OF

ELEMENTS WHICH DEFINES THE
MANNER IN WHICH AN ELEMENT IN
THE SET IS ACCESSED,

A NESTED SET OF STRUCTURES IN
WHICH THE INNERMOST STRUCTURE
IS A SIMPLE ELEMENT, FOR
EXAMPLE, A STACK OF STACKS», A
STACK OF VECTORS, A VECTOR OF

STACKSs ETC,

A PHYSICAL LOCATION WHICH MAY
BE ACCESSED BY DIFFERENT
STRUCTURE DISCIPLINESs THAT
IS» A MAPPING OF DIFFERENT
STRUCTURES ONTO THE SAME
PHYSICAL LOCATION,

A STRUCTURE IN WHICH» GIVEN
AN ELEMENT, EI» IN THE
STRUCTURE» THE NEXT ELEMENT
Elel, IN SUCCESSION IN THE
STRUCTURE MAY BE FOUND IN A
UNIQUE MANNER,

A PROCESS WHOSE ADDRESS SPACE
IS PROPERLY NESTED IN THE
ADDRESS SPACE OF ITS
IMMEDIATE PARENT PROCESS.

A DESCRIPTION WHICH HAS NOT
BEEN BOUND TO AN ALLOCATED
STRUCTURE . THE STRUCTURE
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TERMINAL DESCRIPTION

.

WORK SPACE

VECTOR

WRITE

9« §

EXPRESSION CONTAINS A CALL
OPERATOR WITH A MEANINGLESS
"LLs D™ ADDRESS,

A SEGMENT CONTAINER RELATIVE
DESCRIPTION,

A SPACE WHICH INCLUDES ALL
INFORMATION PRIVATE TO THE
EXECUTION OF A PROCESS.,

A SEQUENCE OF EQUAL=LENGTH,
CONTIGUOUS ELEMENTS IN WHICH
EACH ELEMENT IN THE VECTOR IS
ACCESSED B8Y AN INDEX VALUE,
FOR EXAMPLE» THE INDEX VALUE
MULTIPLIED BY THE LENGTH OF
THE ELEMENT IS ADDED T0O THE
LOCATION FIELD OF THE
CONTAINER OF THE VECTOR TO
GIVE THE LOCATION FIELD OF
THE ELEMENT DESIRED),

THE OPERATION WHICH REPLACES

THE CONTENTS OF A SPECIFIED
ELEMENT IN A STRUCTURE WITH A
NEW ELEMENT OF THE SAME SIZE.
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APPENDIX A

TYPICAL STRUCTURE MANIPULATIONS

THE MICRO=SEQUENCES ILLUSTRATED 1IN THIS APPENDIX ARE MEANT TOD BE
FUNCTIONAL REPRESENTATIONS ONLY. FOR THE ACTUAL HARDWARE
IMPLEMENTATION, REFER TO CP 17205592 <(DETAILED DESIGN
SPECIFICATION FOR B8502 CENTRAL PROCESSOR MODULE),

APPENDIX A PRESENTS INSTRUCTION MICRO«SEQUENCES AND ILLUSTRATIONS
OF THE ATTRIBUTE STACK (AS) AND STATE WORD (Sw) BEFORE» DURING» AND
AFTER TYPICAL STRUCTURE MANIPULATIONS,

STANDARD MICRO=OPERATORS WUSED IN THE INSTRUCTION SEQUENCES ARE
DEFINED BY THE STEPS WHICH FOLLOW THE NAME OF THE MICRO=OPERATOR
(SEE TABLE A-1),

WITHIN AN INSTRUCTION SEQUENCE» AN ASO ON THE RECEIVING SIDE OF AN
OPERATION INDICATES A WRITE=QVERS} AN ASO OR AS1, ETC., ON THE
SENDING SIDE INDICATES DEPTH IN THE STACK (ASO INDICATES TME TOP OFf
THE STACK),

THE ATTRIBUTE STACK IS SHOWN ON THE TOP OF EACH TLLUSTRATION, THE
NUMBERS AT THE LEFT OF THE ATTRIBUTE STACK CORRESPOND TO THE
NUMBERS PRECEDING EACH STEP OF THE INSTRUCTION SEQUENCE AND
INDICATE AN ENTRY 1IN THE STACK. THE NUMBERS TN THE RIGHT OF THE
ATTRIBUTE STACK INDICATE A STACK DELETION., THESE DELETIONS ARE
ALSO INDICATED BY A CROSSHATCH ON THE ILLUSTRATIONs NOTICE THAT
NOT ALL STACK ENTRIES ARE DELETED OURING AN OPERATION.,

THE STATE WORD IS SHOWN AT THE BOTTOM OF EACH ILLUSTRATION, WHEN
AN INSTRUCTION SEQUENCE DOES NOT CHANGE THE STATE WORD» A STATE
WORD ILLUSTRAT]ION IS NOT PROVIDED,

WHEN A CONSTRUCT EXAMPLE IS NOT ACCOMPANIED BY AN ILLUSTRATION THE
EXAMPLE IS IDENTICAL WITH THE REMOVE EXAMPLE» EXCEPT THAT THERE ARE
NO CHANGES IN THE STATE WORD,
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TABLE A=1, STANDARD MTCRO=OPERATORS

<BRANCH> $1= <DPCRO, AC» LC ¢ ASU, AC» LC> <DEL AS. AC» LC>
<CALL> 3= <DPCR., ACs LC ¢ ASO, AC, LC> <DFL AS. AC» LC>

<COMBINE> 31= <ASO, AC ¢ ASO, AC + ASO, AE>
<ASO, LC ¢ ASO, LE> <DEL AS, AE, LE> <BOUNDS CHECK>

<CSP (M)> 1t= <CSPR ¢ M> <ASO, AE ¢ ASO, AE + LENGTH (M)>
<ASO, LE € ASO, LE + | ENGTH (M)>

<DEL A> t18t= <AS,A ¢ EMPTy>
<DUP A> 88= <AS,A ¢ ASO,.,A>

<EQQ, "L"> 1= <pDUP AS, AC» LCsLE> <ASO. AE ¢ " ">
<DUP AS,AE> <COMBINE> <+ SEQUENCE> <BRANCH>

<EXCH AS,F> tt= <AS,F ¢ AS1,F> <aS2,.F ¢ EMPTY>
<FETCH TO (X)> 3t= <X ¢ CUNTENTS OF LEVEL=1 STORAGE AT AS,AC, LC>

< + MOD SEQUFENCE> s3:= <AsO, AE ¢ (ASO, AE + ASO, LE)
MOD ASO, LC> <SW, AE ¢ ASO,.AE>

<MOVE (P)> 8t:= <CONTAINER (ASO, AC» LC) ¢ CONTENTS (P)>
<DEL AS. AC» LC>

<RET> 8= <DPCROLAC,»LLC ¢ EMPTY>
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TABLE A®1, STANDARD MICRO=OPERATORS (CONTINUED)

CRTS> 118 <AS,ACsLC ¢ DPCRO,ACsLC> <DPCROJACSLC ¢ EMPTY>

< ¢ SEQUENGCE> t1t= <ASO, AE ¢ ASO, AE + ASO, LE>
<SW, AE ¢ ASO, AE>

<+SEQUENCE AS,AE> t1m <AS,AE ¢ AS,AE + AS,LE>
¢ ¢ SEQUENCE, SW> tt= <SW, AE ¢ ASO, AE ¢ ASO, LE>

< » SEQUENCE> 183 <ASO, AE ¢ ASO, AE = ASO, LE>
<SH.AE ¢ ASQ.AE>

<*SEQUENCE AS,AE> 1313 <ASO,AE ¢ ASO.AE <« ASO.LE>

<SELECT> 1t= <ASO, AE ¢ ASO, AE ¢ (ASO, LE x AS}, LE)>
<DEL ASO, LE>

<SSW> gtz <RETURN SW TO MEMORY>
<STORE FROM (X)> 133 <LEVEL=1 STORAGE AT (AS,AC, LC) ¢ (X)>

<R> t1= <END OF INSTRUCTION STRING>
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VECTORS

(1 i N N N
| ’ |
o . .

CONSTRUCT

1, AS,ACsLCIAESLE ¢ SW.ACsLCsrAESLE

2, AS,LE ¢ P,1

3, SELFcCT
4, COMRINE
5. R

ODQ@ |[ac+ae+1xLe LE NE+IXLE 1 0JO)
”

o) A L T LE ®@®

”~

ATTRIBUTE STACK
NO STATE WORD CHANGE
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FIELD

CONSTRUCT

1 AS,ACS»LCrAESLE ¢ SW,AC»LCrAESLE
2, COMRINE

3. R
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A= 6

STACKS AE

Il IQ—LE—bI |

’ -- LC > I
ENTER
1o ASACHLCIAESLE ¢ SW,AC»LCsAESLE
2, ¢+ SEQUENCE, SW

@ ac+re| LE

3., COMRINE

NN N S
N N

- D1 LC AE

®
LEX

ATTRIBUTE STACK

AC l LC AE LE

|

@

REMOVE AC LC AE + LE LE

1¢ ASLAC»LCrAESLE ¢ SW,ACsLCsAESLE STATE WORD
2, = SFQUENCE
3, COMRINE

a, SSW ® @ |ac +4e - LE LE AE - LE ®

5. P

O) AC L AE . (@O0

ATTRIBUTE STACK

AC LC AC LE
AC Le AE - LE LE
STATE WORD
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CONSTRUCT

1o AS.ACHLCHAE,LE ¢ SW,AC»LCrAESLE
2. = SEQUENCF

3, COMBRINE

4, R
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S A= 8
TACK=VECTORS
ll rn—-LE-a-l l |
’ - C - |
AC .
ENTER
1. AS,ACILCrAESLE ¢ SW,ACsLCrAESLE
2. ¢+ SEQUENCE, SW
@ | ac+re | LE
3, COMBINE
4, SSW K\\ //"\
O x Le AE LE
5. R N
ATTRIBUTE STACK
AC LC AEB AE LE
AC Le AEB AE +LE LE
REMOVE
STATE WORD
1. AS,ACsLCsAEsLE ¢ SW,ACsLCsAESLE
2, = SEQUENCE
3. COMBINE
e
4, SSW @ @ (A +AE-LE LE AE - LE ®
5., R //’K:; /:>k\\
O) AC Le 134 LE BQJO)
ATTRIBUTE STACK
AC L AEB AE LE
®
AC L AEB AC-LE LE
STATE WORD
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CONSTRUCT

1, AS.ACsLCrAEsSLE ¢ SW,AC»LCsAEBSLE
2. AS. LE * P.I

3, SELECT
4. COMRINE AC+AEBHIX LE LE AEB +IXLE 1 ©)
5. R AC AE AEB LE ®

ATTRIBUTE STACK

AG Le AER AE LE
AC Le AER AE LE
STATE WORD
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A= 10
PUSHDDWN STACK

ENTER

1. AS ACH»LCsAESLE ¢ SW,ACsLCsAFSLE
2. DUP AS»AC/»LCrAE
3. AS.E ¢ O

4, CSP (ASJLE € "LF",RFETSNNP) <"LE" =
ASO.AF = SW,AS> <PROG LENGTH = LE>

5., EXCH AS,AF

6. SW,AS ¢ AS,AE

7, COMRINE
8., SW.AE ¢ AS,AE @O@| waerie| e ®
9. MOVF ¢CSP) OO®| o+ €| e e |O0®
10. CNMRINE @@ AC Le - AE . 0 @@
-~
11, SSW O] AC T AE e ®®
12 R ATTRIBYTE STACK
AC LC i AS AE LE
l ® ®
Ae Le AE AE + LE LE
STATE WORD
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AS ACHLCr»AESLE ¢ SW,AC»LCsASHLE

REMOVE

1.

2, DUP AS,AC,LC»AE
3, COMRINE

4, CALL

5, AS.LE ¢ “LE"®
6, RFTY

Te = SEQUENCF

8+ ASO,LE ¢ SW,.LE
9, + SFQUENCFK
10, COMRINE
11, SSW

12, R
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®0
0]0JO)
6]0)

AC

A +AS —"LE+ LE AS -HE+ LE
/
A + A€ "L A - "L L
. ~ ™~
A L A “Ler
\ /
A © As LE

17

ATTRIBUTE STACK

AS

At

LE

O]
AC Le AS —°LET AS -“LE* 4 LE LE
STATE WORD

0JOJO)
©0]O;]
O0O®

A-

11



1761=2045

PUSHDOWN AE

| |<——-LE —>+

f« Le >

AC
ENTER
1e ASACILCPAESLE ¢ SW,ACoLCsAESLE
2. DUP AS,AE
3, ASO.LE ¢ P,"™LE"™ <NEW ELEMENT LENGTH>
4, CSP (SW,LE ¢ LE#s» RTS) <PRESENT LE>
S, ASJLE ¢ K
6, AS,AE ¢ SW, AE
7. COMBINE ®@ ® AE H'LE'+ X "LE* (IO
8, MOVE (CSP! Q@@ | rw+re+x] e AE ) x>r®
9. AS.ACsLC ¢ SW,AC,LC @ A ch \E + K e+ K ®®
10, AS,LE ¢ P wLE"® :

Q@ A+ . AE "LE 010!
11, CDOMRINE - -
AC L AE LE
12. + SFQUENCE © ) g O0®
ATTRIBUTE STACK
13, SW.LE ¢ AS,LE
!4. DEL AQ.AE’LE AC Le AE LE
15, SSW
® ®
16, R AC L AEHLE+H K | "LE"+ &
STATE WORD

LF+ EQUALS LE PRIME
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A= 13
REMOVE
1. AS.ACsLCrAESLE ¢ SW,ACH»LCsAESLE
2. = SFQUENCE
3. COMRINE
a, CALL @® |ACHAE -LE +K LE-K
S,  SW.LE ¢ LE+ <PREVIOUS LE> O®| Nt " iy
6 RTS <:l ~L~ ~l-
. T
0) ///nc Le AE LE
Te. SSW
ATTRIBUTE STACK

8. R

AC Le AE LE
CONSTRUCTY @ ®

AC LC AE - LE LEX
1, ASJACsLCsAESLE ¢ SW,ACsLCsAEsLE

STATE WORD

2. = SFQUENCE
3, COMRINE
4, CALL
5. SW,LE ¢ LE% <PRFVIOUS LF>
6, RTS
7. R
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A=

PUSHDOWN=PUSHNOWN

ENTER

1, AS.ACsLCsAEsLEs» ¢ SW,ACsLE,AESO

2, CSPCASs"LE",RETISLE = SW,AC = SW,AS>
3, ASO,LE ¢ X

8, SW,AS ¢ AS,AE

5. COMRINE

6, MOVE CSP

7. CSP<AS.LE ¢ "LE"™, RET>

8, AS,AC,LC,AESLE ¢ SW,AC,LC,»AE»O

9, ASO,LE ¢ K

10, + SF@
11, ASO.LE ¢ K AC Lo AS AE LE LE
12, COMRINE
13, MOVE CSR
14, R AC Le AE [AE+2k | 1s¥ | LEX

% EQUALS PRIME
STATE WORD
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A= 15
REMOVE
1, ASACsLCrACHLE ¢ SW,ACsLCsASHLS
2, DUP AS,LE
3., = SEQ
8, SW,AE ¢ AS,AE
5, COMBINE
6. CALL AC Le AS AE LS LE
SW,LS ¢ RS «PREVIOUS LE>
RTS AC Le AS-(LSH+K)|  AS# LS * LE ¥
7. CALL ¥ EQUALS PRIME
8, SW,LE ¢ <PREVIOUS LE> STATE YORD
RYS
9., ASO.AE ¢ SW,AS
10, COMBINE
11, R
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QUEUES
AEO AEI
Y ld—LE—b' Y |
A< e >|
AC
ENTER
1, AS.ACsLCrAEsLE ¢ SW,AC»LCsAEI»LE
2., DUP AS.AE
® (AET + LE) MOD LC
3., ¢+ MND SEQUENCE
@O sx+ur LE MI
4, IF ASL,AE = SW,AEO0 THEN FAULT (FULL)
O] A Le AEL LE
5, DEL AS.AE
ATTRIBUTE STACK
6., COMBINE
T. SSW A L AEO AEI LE
8, R
®
AC L AEO (AET + LE) MOD LC LE
STATE WORD
REMOVE
1, AS,ACsLCrAESLE ¢ SW,AC»LC»AEO»LE
2, DUP AS,AE
3, IF AS.AE = SW,AEI THEN FAULT CEMPTY) ® AED $LE) MO L¢
4, + MDD SEQUENCE @@ e LE /AEO
(D\Ac e AEO LE
S. DEL AS.AE -
ATTRIBUTE STAGK
&, COMBINE
T. SSHW AC 18 AEO M1 LE
8. R
®
AC L (AEO + LE) NOD LG AEI LE

1761=2045

© ©

STATE WORD
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CONSTRUET

1. AS.AC»LCsAESLE ¢ SW,AC»LCrAEOQSLE

2, DUP AS,AE

3., IF AS.AE = SW,AED THEN FAULT CEMPTY)
4, + MND SEQUENCE

5. DEL AS.AE

6, COMRINE

7. R
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QUEUES WITH VARTABLE=LENGTH ELEMENTS

ENTER

1, ASLAC»>LCr»AESLE ¢ SW,ACsLCr»AE]ISK
IF AE! 2 AEO THEN BEGIN BFGIN
IF AEI+K+PLE+K > LC="0" THEN

BEGIN

IF K+P,LFE 2 AEN=™0" THEN
FAULT (FULL)

ELSE

BEGIN
2. DUP AS ,ACsLCHAESLE
3. CSP (EDQ."0")
a, ASO AESLE ¢ SW,AET»K
S. COMBINE
S, MOVE (€(CSP)
T, SW,AE] ¢ »O©
8, ASO,AF ¢ mQ"

ENDS

END?
END
ELSE

IF AET+K+P,LE 2 AEO THEN FAULT
(FULL)3

A= 18
@ 0"
® AEI K ®
P e S
O]O) A+ AET X AET + K AC ®®
K>
0) o Le AEL X O]6)
® AC Le AEI X
ATTRIBUTE STACK
AC Le AEO A1 K
@
AC Le AEO 0" X
STATE WORD
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9.
10,
11,
12,
13,
14,
15,
16,
17,
18,
19,
20,

CSP (ASOLLE ¢ "LE",R)
DUP AS,ACsLC
AS,AEsLE ¢ SW,AEI»K
COMRINE

MOVE (CSP)

ASO,LF ¢ P,LE

DUP AS,AE

+ SFQUENCF

DELFTF AS,AE
COMRINE

SSW

R

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the

® AEL + K + LE

@O @|r +re1+x LE AEL + K LE

rd ~
@@ e+ a1 K AEI K

.
® A 13 AEL + & %
AC L AEI X

ATTRIBUTE STACK

A Le AEO AEI X
AC L AED  [AEI 4+ K+ LE X
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AEO AEI
REMOVE
1, AS.ACsLCH)AESLE ¢ SW,AC,LC»AED,K
2, TESY FOR EMPTY (AEO = AEID)
3, DUP AS ACJLCsAE»LE
4, COMBINE
S, + SEQUENCE
6, CALL
N
® AEO + K + “LE* ®
T, ASO,LE ¢ "LE" AN
8 RET @®| rc+ac0+x “Le” /m” LE*
~N
9, DUP AS,AESLE QOO®| Ac+ae _l>‘/uso+u o | OO®
10, COMBINE ® AC Le e v |®
11, + SEQUENCF ol e | e >“02§K‘ PN
12, DELETE AS.AEsLE ATTRIBUTE STACK
13, SSW
1a, R A L AEO AEI "
®
AC L AEO + K AET X
®
AC L6 [MEO+K4LE|  AED ‘
STATE WORD
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i — -
A

A

AEI

REMOVE ACROSS THE CONTAINER BNUNDARY

t.

2,

10,
11,
12,
13,
14,
15,
16,
17.
18,
19,

20,

AS ACsLCHAESLE ¢ SW,AC»LC»AEQSK

TESY FOR EMPTY (AFO0 = AEI)
DUP AS. ACsLCrAESLE
COMRINE
+ SEQUENCE
CALL
EnQ "0"1 DUP AS,AC,LC,LF
ASO.AE ¢ %O"
DUP AS,AE
COMBINE
+ SEQUENCE
BRANCH
ASOLE ¢ "LE"®
RET
DUP AS AE,LE
COMBRINE
+ SEQUENCE
DELETE AS,AE»LE
SSW

R

A= 21
lo.
e
AEO
™
®@ 0"+ K +LE"
™~
® AL
QD | A +10°+ & "LE 0"+ K (@)
® @O A+ K /’O'X'LE' ® ®®
N
OO A Le 0" "LE* O)
QO®®| rc+ ar0 X "D + & K ®®W®
e
® AC Le :AEO/ K ®
(O L /\AEO X ®®
ATTRIBUTE STACK
AC Le AEO AEI K
®
AC Le AEO + K AEI K
@ .
AC Le 0+ K AEI K
@
AC L6 [0+ KHTLET|  AEI X

STATE WORD
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LINKED LISTS

| LP L.IQ ‘ | ”(.1
1 ~ Jenso L+ —1—4
AC P Q A NSO. A (RELATIVE T@ SEGMENT)
- LC >
ENTER
1. IF ¢(NSO,SEG? # AC,SEG#®) OR
(NSOJL # SWel) THEN FAULT (LIST)
2, AS.AE ¢ NSO.A =AS,AC @@ o atx « o @0
(TIO) aC+Q K NSO. A-AC—K ®
3, IF ASLAE < 0 OR SW,L > AS,LC —
THEN FAULT CLIST) @O te J_| Nsd a-agox xk @@
4. AS,LE ¢ K ®06 AC te | Nso.a-ic K ®®

ATTRIBUTE STACK

Se ©=SEQUENCE AS.AE
6, DUP AS,AE
Te IF ¢SWeA = =1) OR (SW.Q = =1) THEN

BEGIN
8. COMBINE
9, STORE FROM SW,A
10, SWeA ¢ AS,AE A L A - i °
11, SWeQ ¢ =1

AC LC A L NSO.L-AC-K Q
END STATE WORD
ELSE
BEGIN
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12, DuP AS,AC» LC» LE

13, AS.AE ¢ SNW,Q

14, COMB]INE

15, STORE FROM AS,AE

16, COMBINE

17, STORE FROM Sw.P
END

18, SW,P ¢ AS,AE
19, DEL AS,AE
20, R

The proprietary information contained in this document is the property of the Burroughs Corporation and should
not be released to other than those to whom it is directed, or published, without written authorization of the
Burroughs Defense, Space and Special Systems Group, Paoli, Pennsylvania,



1761=2045 A= 24

L

1 P——

AC P Q A P
- L.C -
REMOVE

14 IF (SWeA = =1) OR (SW.P = =1)
THEN FAULT (LIST)

2, AS,AE» LE ¢ SW,P, L

3, AS,LE ¢ K

4, DUP AS,ACs LC» AE, LE

S. COMBINE

6, FETCH TO AS,AE

Te IF SW,P = SWesA THEN SW,A ¢ AS,AE

ELSE
BEGIN
8, DUP AS.AC» LC» LE
9, AS,AE ¢ SW,Q @© | ac+px| L
10, COMBINE ® @] A+ | & x| P+ ®®
11, STORE FROM AS,AE @@| ac | e[S o«
END ® ® @| ac+p :K P kK. 1®@O®®
12, SW,P ¢ AS,AE @0 e | e e K |®6®
13, DEL ASAE o x| D e
1‘» N SEQUENCE AS.AE AT TRIBUTE STACK
15, DEL AS.LE ac | e A L P 0
16, COMBINE ®
17, R AC LC A L P% Q

STATE WORD
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1761=2045
CONSTRUCT
10 ASQAE [ 4 SNQP
2, ASQLE ¢ K
8, ASO.LE ¢ SW.L < , |
5, COMBINE OO 4 A i PO

! ATTRIBUTE STACK

6, R
SEQUENCE
1. IF (SWeA = =1) OR (SW.P = =1)

THEN FAULT CLIST)
20 AS.AE ¢ SW,P
3, DUP AS,AE
8, AS,LE ¢ K ® ® @] Ac+p KXP \>1<LP ®E0e

] . Pz
N,
6o FEYCH TO AS.LE ATTRIBUTE STACK
T SW.,Q ¢ AS,AE
s P

8. SW.P ¢ AS,LE ' Ac L¢ A - ° |
9. DEL AS.AE» LE
10, R 'ACILC'A LlLP'Ql

STATE WORD
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RESEY

1. SWH,Q ¢ =i

¢ ASLAE ¢ SW, A
3¢ SW,P ¢ AS, AL
4, DEL AS,AE

A

ATTRIBUTE STAC
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AC LC A L P Q
® O
AC LC A L A -1
STATE WORD
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VARIABLE FIELDS

i,
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AS,AE ¢ VSS
REMOVE VSS
AS,LE ¢ VSS

REMOVE VSS

<AE FIELD>

<LLE FIELD>
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