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Thi::> issue of specification 1761-2045 
supersedes revision AB of this specification 
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Many minor corrections and clarifications 
have been made. The major changes are 
as follows: 

Section 2: 

Revision of the procedure display. 

Indirect refe~ence entries in resource 
stack replaced by read-write inhibit 
control. 
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PREFACE 

THIS SPECIFICATION GIVES THE READER AN OVERALL VIEW OF THE 88500 
SYSTEM, THE SPECIFICATION EXPRESSES DESIGN PHILOSOPHY IN CONCERT 
WITH IMPLEMENTATION DETAIL, IT CONTAINS NO HARDWARE SPECIFICATIONS 
BUT DISCUSSES THE DESIGN CONCEPT or EACH MAJOR SUBSYSTEM ANO THEN 
LISTS REFERENCES TO THE ApPROPRIATE MARDWARE SPECIFICATION, THUS1 
BEFORE HE EXAMINES IMPLEMENTATION OETAILS• THE READER IS ABLE TU 
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 or 
MATERIAL FOR MARKETING ANO FOR USERS INFORMATION, 

A NEW TER~INOLOGY HAS eEEN INTRODUCED 
RELATIONSHIPS BETWEEN CERTAIN PROC[SSING 
TERMINOLOGY orTEN CONVEYS MEANINGS WHICH 
CAREFULLY OBSERVED, 

TO E~PHASIZE THE NEW 
COMPONENTS, THE NEW 

CAN BE MISSED Ir NOT 

THE 88500 DESIGN AROSE FROM A GROWING AWARENESS or THE DEFICIENCIES 
OF CONVENTIONAL MACHINE DESIGN ANO FROM THE KNOWLEDGE OF THE 
REQUIREMENTS OF ADVANCED APPLICATIONS, USERS NOW REQUIRE VERY 
COMPLEX DATA STRUCTURES (QUEUES, STACKS, ETC,) ANO FORMATS AS WELL 
AS SOPHISTICATED PROGRAM STRUCTURES, THEY REQUIRE THE HANDLING OF 
LARGE RELATED DATA SETS AND MANY FORMS OF REMOTE MULTIACCESS 
DEVICES, ?HEY ALS01 OF COURSE, REQUIRE ALL THE CAPABILITIES Of 
CONVENTIONAL SYSTEMS, 

THE DESIGN EFFORT ENCOMPASSED AN EVALUATION OF THE PRINCIPLES ON 
WHICH COMPUTERS ARE BASED ANO LEO TO THE CONCEPTS OUTLINED IN 
SECTION 1, TYPICAL or THE ENDEAVOR WAS THE EXAMINATION OF THE USE 
OF A LATTICE (WORD stzE OR CHARACTER SIZE> AS THE FUNDAMENTAL UNIT 
OF STORAGEt THIS INVESrIGATION LEO TO THE IDEA or FREE FORMAT• 
VARIABLE•LENGTH FIELDS• AND THEIR ][MPLEMENTATION THROUGH THE 
ASSOCIATED UNIT, 
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SECTION 1 

DESIGN PHILOSOPHY 

THE DESIGN PHILOSOPHY or THE 88500 SYSTEM CAN BE SIMPLY EXPRESSED 
AS AN EXTE~SION or THE DESIGN PHIL050PHY or THE 8500 SERIES. FOR 
MANY YEARS1 THE BURROUGriS DESIGN TEAMS HAVE USED THE CONCEPT OF 
INTEGRATING HARDWARE ANO SOFTWARE AS A DESIGN PRINCIPLE. 

THIS SECTION PRESENTS SOME or THE DETAILS or THE DESIGN PHILOSOPHY 
BY DISCUSSING DESIGN OBJECTIVES1 CONCEPTS DEVELOPED, ANO THE 
CHARACTERISTICS or THE MACHINE. BY INTENTION1 SOME CONCEPTS ARE 
REPEATED IN VARIOUS SECTIONS TO CONVEY THESE IDEAS IN SEVERAL 
CONTEXTS, 

DESIGN OBJECTIVES ·----- -----·--·· 
THE DESIGN OBJECTIVES FOR THE 88500 AREt 

Ae TO PROVIDE A TRULY GENERAL PURPOSE PRODUCT, 

Be TO EXPlOIT THE IDEAS EMBOOIEU I~ THE 8500 SERIES, 

Ct TO PROVIDE HIGH SYSTEM PERFORMANCE, 

Dt TO PROVIDE COMPATIBILITY WITH THE PRODUCT LINE, 

E, TO PROVIDE NEW CAPABILXTIES. 

Ft TO PROVIDE LONG PRODUCT LIFE. 

Gt TO PROVIDE AN EXPANDABLE SYSTEM. 

The proprietary information contained in this documPnt is the property of the Burroughs Corporation and sho.uld 
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A TRULY GENERAL PURPOSE PRODUCT 

THE 88500 SYSTEM WAS OESlGNfD TO MEET THE REQUIREMENTS or A BROAD 
MARKET WITH SUCH DIVERSE APPLICATIONS AS TIME SHARING (AMONG 
THOUSANDS or TERMINALS)• SCIENTiflC PROBLEM SOLVING, AND DATA 
PROCESSING, 

THE MACHINE MUST HAVE A HIGH DEGREE or SENSITIVITY TO EACH PROBLEM 
TO MEET THESE REQUIREMENTS. THUS• THE MACHINE HANDLES COMPLEX DATA 
STRUCTURES WHICH MAY BE BOTH NESTED ANO COMPOSED or VARIABLE-LENGTH 
ELEMENT Se 

THE MACHINE IS ALSO AMENARLE TO THE SOPHISTICATED PROGRAM 
STRUCTURES DICTATED BY CURRENT ANO ruTURE HIGHER LEVEL LANGUAGES 
AND THE REQUIREMENTS or ADVANCED PROBLEMS. 

TYPICAL APPLICATIONS WHICH AR£ PRnVIDEO FOR INCLUDE INVENTORY 
CONTROL, PAYROLL, AUTOMATED OESIGN1 TEACHING, SIMULATION• BANKING, 
SCIENTirlC DATA COLLECTION ANO REnucTION1 NUMERICAL CONTROL or 
MACHINES1 AND SUPPORT OF NEW DEVICES SUCH AS GRAPHIC TERMINALS, 

EXPLOITING IDEAS EMBODIED IN THE 8500 SERIES 

THE IDEAS EMAOOIEO IN THE 85500 HAVE BEEN PROVEN SUCCESSFUL, SINCE 
THAT MACHINE OUTPERFORMS ALL OTHER DESIGNS WITH THE SAME COMPONENT 
SPEED AND SIZE, THE 86500 DESIGN EXTENDED THOSE IDEAS, THE 88500 
DESIGN PHILOSOPHY INCLUDES A FURTHER EXTENSION OF THOSE IDEAS. 

THE 85500 PROVED THE VALIDITY or USING ONLY HIGHER LEVEL LANGUAGES 
FOR BOTH USERS ANO SYSTEMS PROGRAMMERS, THE SOFTWARE•ORIENTEO 
HARDWARE WAS AN ASSET IN ~RITJNG EFFICIENT COMPILERS WITH OPTIMUM 
OB,JECT CODE, 

THE USE OF THE STACK TO ALLOW RECURSIVE PROGRAMMING• RAPID 
EXPRESSION EVALUATION• STANDARD PARAMfTER TECHNIQUES• SOPHISTICATED 
LOCAL STORAGE ALLOCATIONS, ANO RAPID PROCEDURE ENTRY WITH STATE 
SAVING IN THE HARDWARE LEO TO EFFICIENT MACHINE USAGE, THIS 
ALLOWED THE DYNAMIC HISTORY or A PROCESS TO RE RECORDED IN THE 
STACK, BY ~AVING CONTROL IN THE STACK ANO SPECIAL CONTROL WORDS 
<DESCRIPTORS), THE CAPABILITY or PLACING PROCEDURES IN THE ACCESS 
PATH TO DATA ALLOWED FOR M0Rf SOPHISTICATED STRUCTURlS, ALL THESE 
ADVANCED 85500 IDEA~ HAVE BEEN EXAMINED• GENERALIZE01 AND APPLIED 
TO THE 88500 DEVELOPMENT. 

HIGH SYSTEM PERFORMANCE 

PERFORMANCE MEASUREMENT IS ELUSIVE, THIS DESIGN PROVIDES BALANCED 
USE o, A MAXIMUM PORTION Or THE HARDWARE FOR A MAJORITY or THE TIME. 
THE DISTINCTION MADE HERE IS TO OPTIMIZE OVERALL SYSTEM THROUGHPUT 
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AND AVOID LOCAL OPTIMIZATION or A SPECirIC SECTION SUCH AS AN 
ARITHMETIC UNIT OR AN I/0 CHANNEL, THIS REQUIRES THE DESIGNERS TO 
PROVIDE HARDWARE ANO SOFTWARE THAT BALANCE THE SYSTEM AND OPTIMIZE 
THROUGHPUT, 

CONCEPTS WHICH ARE NEW WITH THE 88500 ANO AFFECT THIS BALANCE 
INCLUDE THE MAIN MEMORY EXTENSION, THE ABSENCE OF ABSOLUTE 
ADDRESSES IN THE PROCESS SPACE, AND THE USE or VARIABLE•LENGTH 
FIELDS, THESE IDEAS GIVE PROPORTIONAL WEIGHT TO EOITING1 INPUT/ 
OUTPUT, ANO OPERATING SYSTEMS FUNCTIONS AS WELL AS TO SIMPLE 
ARITHMETIC PROCEDURES, 

PRODUCT LINE COMPATIBILITY 

THE USERS VIEW or THE 88500 WILL BE VERY MUCH LIKE THAT OF THE 
85500 AND 86500, THE SOURCE LANGUAGES ACCEPTED BY THE 88500 
COMPILERS ARE COMPATIBLE WITH THOSE FOR THE 86500, THE CONTROL ANO 
OPERATOR MESSAGES FOR COMMUNICATION WITH THE 88500 INCLUDE THOSE 
USED ON THE 86500, 95500 USERS AR£ ABLE TO MOVE TO THE 96500 OR 
88500 BY THE USE OF PROGRAM r.ILTERS To ACCOUNT roR THE CHANGES FROM 
B5500 SYNTAX, 

THE 88500 PROVIDES FACILITIES BEYOND ANY or THOSE OFFERED ON ANY 
OTHER BURROUGHS SYSTEM, THEY ARE AVAILABLE TO 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 oATA IS NOT WELL•SUITED TO THE 
RIGOROUS RE!?RESENTATION REQUIRED BY WORD OR CHARACTER ORGANIZED 
STORAGE, THE ACTUAL NATURE OF DATA DEMANDS VARIABLE SIZE 
REPRESENTATIONS• ANO ADVANCES IN TECHNOLOGY PERMIT EXPLOITATION or 
THIS CONCEPT, 

THE CONCEPT THAT DATA HAS VARIABLE ANO UNIQUE CHARACTERISTICS• 
RATHER THAN BEING or A DEFINITE flXEO NATURE• REQUIRES A SET or 
rLEXIBLE PRIMITIVE DATA STRUCTURES, THE FORM or EACH STRUCTURE 
WILL DESCRIBE THE DATA CONTAINED WITHIN THE STRUCTURE, SOME OF THE 
MORE COMMON STRUCTURES ARE FIELDS• vEcTORS1 STACKS• ANO QUEUES. 

THESE COMMON STRUCTURES MAY BE COMBINED INTO MORE COMPLEX 
STRUCTURES, THIS PERMITS INCREASED FLEXIBILITY ANO SPACE 
OPTIMIZATION~ THESE FLEXIBLE PRIMITIVE DATA STRUCTURES WILL 
PROVIDE AN EFrICIENT METHOD or SPACE MANIPULATION. 
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TIME 
IMPLY 
THESE 
88500. 

SHARING AND MULTIPROGRAMMING AMONG A LARGE NUMBER OF PROGRAMS 
A NEW CAPABILITY TO PROVIDE RAPID SWAPPING ANO PROTECTION, 
CAPABILITIES ARE PROVIDED IN THE PROCESS STRUCTURE OF THE 

ONE O~ THE MOST IMPORTANT CAPABILITIES XS AN EXTENSION Of THE 85500 
ACCIDENTAL ENTRY IDEA, IT IS ESSENTIALLY THE IDEA Of AN EVALUATING 
MACHINE, SUCH A MACHINE CAN1 AT ANY POINT IN THE ACCESS PATH TO 
OATA1 ALLOW PROCEDURES TO BE INTROOUCEDe THIS IDEA PRODUCES THE 
ABILITY TO HAVE INSTRUCTIONS OR DESCRIPTIONS OF ANY FORMAT ANO 
COMPLEXITY, PROGRAMS ANO DATA ~AY THUS BE STRUCTURED IN ANY WAY, 

LONG PRODUCT LirE 

BURROUGHS PRODUCTS ARE DESIGNED WITH THE USER tN MINO, FOR THIS 
REASON1 CONSIDERATION IS GIVEN TO THE LONG LIFE or THE PRODUCT. 
LONG LIFE APPEARS IN COMPATIBILITY FROM B3500 TO 85500 TO 86500 TU 
88500,,, WHILE THIS COMPATIBILITY IS NOT COMPLETE1 IT GOES A LONG 
WAY IN KEEPING PROGRAMS IN SERVICE, 

A SECOND FORM or LONG LIFE IS IN THE IDEA or MOOULARITY1 WHICH 
ALLOWS THE INTRODUCTION OF MODERNIZED MODULES IN AN OLDER SYSTEM 
WITHOUT REPLACING THE ENTIRE SYSTEM, SYSTEMS MAY ALSO BE EXPANDED 
WITHOUT REPROGRAMMING, 

THE AOyANCEO DESIGN ALLOWS INTRODUCTION 0, MODERN COMPLEX 
APPLICATIONS ON EXISTING EQUIPMENT, A5. DEMONSTRATED BY THE 85500, 
THE 85500 15 STILL EXPANUING ITS APPLICATIONS APTER MANY YEARS or 
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 NO PROGRAM CHANGES UP TO THE COMPLETF. SYSTEM SIZE. IT 
ALSO PERMITS SUBSTITUTION OF NEW COMPONENTS FOR OLD COMPONENTS• AND 
THEREBY ALLOWS GRADUAL UPGRADING or THE SYSTEM. 

MODULARITY PERMITS, AS A NATURAL BY•PROOUCT1 THE CAPABILITY TO 
OPERATE WITH A REDUCED CONFIGURATION1 WHICH• IN TURN1 PERMITS 
GRACErUL DEGRADATION or THE SYSTEM IF COMPONENTS BECOME UNAVAILABLE. 
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88500 SYSTEM CONCEPTS 

----- -----· ···-···· 
GENERAL 

THERE ARE SEVERAL GENERAL IDEAS, APPLICABLE TO SYSTEMS DESIGN, 
WHICH ARE ADHERED TO IN THE 88500, 

A, SIMPLE SOLUTIONS ARE CLEANER AND THUS MORE LIKELY TO BE 
SUCCESSrUL. THE POWERrUL CONCEPT OF RF.CURSION ALLOWS THE 
IMPLEMENTATION OF COMPLEX STRUCTURES FROM THE RECURSIVE USE or 
SIMPLE STRUCTURES, RECURSION APPLIES BOTH IN HARDWARE ANO 
SOF'TWARE, 

Be PROCESSES• HIERARCHIES OF ASYNCHRONOUS COOPERATING ROUTINES, 
HAVE BEEN USED IN COMMUNICATIONS ANO SYSTEM ARCHITECTURE. 
PROCESSES APPEAR OFTEN IN SOfTWARE1 SUCH AS IN SIMULATIONS1 
COMPILERS1 ANO OPERATING SYSTEMS, 

Ct ALL LANGUAGES AND ALL DATA REPRESENTATIONS HAVE CERTAIN 
COMMON ATTRIBUTES, THESE ATTRIBUTES MAY BE ISOLATED FROM THEIR 
PARTICULAR REPRESENTATION ANO usr.o AS A BASE rOR A GENERAL 
MACHINE DESIGN, THESE BASIC ATTRIBUTES FORM THE BASIS f0R 
PRIMITIVE OPERATORS WHICH HAVE WIDE APPLICABILITY, THE BASIC 
ATTRIBUTES roRM A THEORETICAL BASE rOR THE STRUCTURE CONCEPT. 

o. ALL COMPUTER PROCESSES ARE COMPOSED SOLELY or EITHER NAMES OR 
OBJECTS, NAMES ARE THE MEANS BY WHICH OBJECTS ARE RErERENCED, 
THE EVALUATION CONCEPT (lENERALIZ~S THE DERIVATION or NAMES AND 
ALLOWS FOR ARBITRARY CONTROLS Tn BE EFfECTivE ALONG AN ACCESS 
PATH, 

E. THE CONCEPT or A STORAGE HIERARCHY IS THAT THE MOST ACTIVE 
SEGMENTS ,~RE KEPT IN THE HIGHEST•SPEEO STORAGE ANO THE LEAST 
ACTIVE AR[ KEPT IN THE LOWEST•SpEED STOR~GE1 SEGMENTS MAY BE 
TRANsrERREO WITHIN THE STORAGE HIERARCHY AT THE SAME TIME THAT 
OTHER SEGMENTS ARE BEING EXECUTEO, IN THE easoo, THREE LEVELS or 
STORAGE ARE RECOGNIZED, SEGMENTS CONTAINED IN LEVEL•3 STORAGE 
C THE r AM I I .. Y 0 F PER I PH [RA L 5 > MA Y 1 A T ANY I NS TAN T 1 AL S 0 BE 
CONTAINED [N LEVEL•t OR LEVEL•2 STORAGE. 

PROGRAMMING CONCEPTS 

TWO CO~CEPTS ARISE SOLELY FROM A KNOWLEDGE or THE SCOPE Of 
APPLICATIONS PRACTICED BY COMPUTER USERS, THESE INVOLVE THE 
PROCESS CONCl~PT ANO THE DATA STRUCTURE CONCEPT, THESE APPLICATION• 
ORIENTED IDEAS HAVE BEEN KEPT IN MINO THROUGHOUT THE DESIGN EFFORT, 
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A, PROCESS STRUCTURES THE PROCE~S CONCEPT IS DISCUSSED FULLY IN 
SECTION 41 BUT SOME OF THE IDEAS ARE SUMMARIZED HERE, 

PROCESS ~TRUCTURE MAKES POSSIBLE THE PROTECTION NEEDED IN 
MULTIPROCESSING SYSTEMS, PRACTICAL SWAPPING IS ACHIEVED RY 
DEFERRING ADDRESS BINDING, THE PROCESS CONCEPT ALSO ALLOWS 
STRUCTURING THE PROGRAMS INTO ASYNCHRONOUS• COOPERATING, 
INDEPENDENTLy•COMPILED SUBPROCESS. THERE,ORE1 MORE GENERAL 
PROGRAM RELATIONSHIPS ARE ORTAINEO, 

THE PROCESS TECHNIQUE ALSO IS OE~IGNED TO ENABLE A GENERALIZ[O 
TREATMENT or RESOURCE MANAGEMENT, IT GIVES A STMPLE• GENERAL WAY 
TO DELEGATE AUTHORITY TO SUBPROCESSES WITHOUT VIOLATING THE 
PROTECTION OF OTHER PROCESSES, 

e. DATA STRUCTURES• THE TREATMENT or 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 or ANY SIZE CTO THE BIT>. AND SUCH SEGMENTS 
MAY BE NESTED OR rRAGMENTED TO ANY DEPTH. THE DATA STRUCTURE CAN 
BE DYNAMIC, PERMITTING DEPTH or DATA BOTH IN THE SENSE OF SPACE 
ANO JN THF SENSE or TIME WHERE TH~ ACCESS IS PROGRAM DEPENDENT. 

THE VARIABLE SIZE FIELDS ALSO PERMIT SAVINGS IN UTILIZATION or 
STORAGE BECAUSE 0, THE COMPACTION or DATA TO ONLY THE NECESSARY 
SPACE. 

THE OATA SENSITIVITY BUILT INTO THE MACHINE IS ALSO ENHANCED BY 
THE GENERALIZATION OF THE OESC~IPTTON CONCEPT, RECOGNIZING THAT 
DESCRIPTION~ ARE ACTUALLY SPECIAL CASES OF PROGRAM1 THE DESIGNERS 
OF THE B'~~oo VIEW ALL DESCRIPTIONS AS PROGRAM• WHOSE EVALUATION 
PRODUCES THE DESIRED ITEM, 

HARDWARE DEFINITION or FORMAT HAS BEEN RELAXED. THE USER MAY 
DEFINE THE SIZE AND rORMATS Of THE OPERANDS WITH A GREAT DEAL OF 
FLEXIBILITY. THE FORMATS OF AHITHMETIC OPERANDS ARE DEFINED BY 
THE oESCRIPTJONS, THE USER MAY THEN OPERATE ON OPERANDS IN A 
STANDARD WAY TO HANDLE INPUT OPERANDS OF SEVERAL FORMATS WITHOUT 
PROGRAMMATIC CONVERSION TO HIS STANDARD FORMATS, 

THE CONCEPTS INVOLVING THE GENERALIZATION or THE FORMATS ANO SIZ~S 
OF OPERANDS IS IN CONCERT WITH THE CONCEPTS Of RECURSIVELY DEFINED 
VARIABLE•SIZEO FXELDS, THIS FREEING OF STORAGE CONVENTIONS FROM 
WORD OR CHARACTER SIZE RESTRICTIONS IS ONE or THE SIGNirlCANT 
ADVANTAGES orrEREO BY THE 88500 OVER JTS CONTEMPORARIES, 
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88500 CHARACTERISTICS ..... ········-···--· 
TO CLOSE THE DISCUSSION Of THE DESIGN PHILOSOPHY1 A SUMMARY OF THE 
CHARACTERISTICS Of THE 88500 IS OFFERED TO EMPHASIZE USER•ORIENTEO 
FEATURES OF THE SYSTEM, 

A. rREE rIELD STORAGE IS ORGANIZED TO FREE THE USER FROM WORD 
SIZE OR FIELD SIZE RESTRICTIONS, THIS rREEOOM ALLOWS FIELDS or 
ANY SIZE WHICH CAN BE NESTED ARBITRARILY DEEP, OPERANDS MAY BE 
OF ANY SlZ[ AND FORMAT, A CHOICE OF ARITHMETIC REPRESENTATION ts 
ALSO GlVENo 

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

Ct THE MACHINE PRIMITIV[S UTILIZE PUSHDOWN STACKS FOR ADDRESS 
PREPARATION ANO FOR EXPRESSION EVALUATION, 

D, THE I/0 ACCOMMODATES MANY PERIPHERALS AND REMOTE ACCESS LINES 
AS WELL AS A LARGE CENTRAL DISK SYSTEM, MANY CHANNELS PER IIO 
MODULE ANO MULTIPLE 1/0 MODULES ALLOW PARALLEL StMULTANEOUS 
ACCESS TO HUNDREDS or orvrcEs. THE 1/0 MODULE IS TAILORED TO 
FACILITATE MULTIPLE PROCESSES ANO TO REDUCE OPERATING SYSTEM 
ATTENTION TO l/O•COMPLETE INTERRUPTS. THE JOBS ARE QUEUE01 ANO 
MAY BE LlNKEO SO THAT MANY l/O TRANSFERS CAN TAKE PLACE BEFORE 
ANY OPERATING SYSTEM ATTENTION IS REQUIRED, 

E, THE MEMORY EXTENSION SYSTEM !S DESIGNED TO rACILITATE 
ErFICIENT INTER•LEVEL INFORMATION 1rRANSFERS REQUIRED TO HANDLE 
TIME SHARING AND MULTIPROCESSING, LEVEL•1 SPACE MANAGEMENT ANO 
LEVEL•2 SPACE MANAGEMENT ARE HANDLED BY IDENTICAL ALGORITHMS, 
THIS GIVES THE USER A NATURAL M[ANS OF PLACING INFORMATION lN 
BACKUP STORAGE OR MAIN STORAGE, 
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SECTION 2 

INTERPRETER 

KERNEL 
•••••• 

THE 88500 INTERPRETER AUTOMATICALLY ENTERS, REMOVES, ANO LOCATES 
INFORMATION IN DATA ANO PHOGRAM STRUCTURES, THE STRUCTURES CHOSEN 
FOR AUTOMATIC MANAGEMENT ARE SIMPLE STRUCTURES THAT APPEAR IN MOST 
PROGRAMMING LANGUAGES, THE AUTOMATIC STRUCTURE HANDLING MECHANISM 
IMPLIES A CERTAIN HARDWARE ARCHITECTURE REfERREO TO AS THE "KERNEL" 
OF THE MACHINE, 

EACH STRUCTURE Is DESCRIBED BY A DESCRIPTOR WHICH oErINES THE 
ATTRIBUTES or THE STRUCTUR~. THESE ATTRIBUTES INCLUDE ACCESSING 
PATH ATTRIBUTES, REPRESENTATION ATTRIBUTES1 AND STRUCTURE TYPE 
ATTRIBUTES, STHUCTURE TyPE ATTRIBUTES ARE EXECUTED IN ATTRIBUTE 
STRUCTURE STACKS (AS) To YIELD A REFERENCE TO THE INFOR~ATION 
WITHIN THE SPECI~IEO STRUCTURE, THE REPRESENTATION ATTRIBUTES 
DETERMINE HOW THE INFORMATION IS TO BE INTERPRETEOJ THE ACCESSING 
PATH ATTRIBUTES DEFINE ACCESS PERMISSION TO THE INrORMATION, 

THE KERNEL STARTS WITH A DESCRIPTOR, THE PART or THE DESCRIPTOR 
BEING EXECUTED IS POINTED TO BY A DESCRIPTOR PROGRAM CONTROL 
REGISTER CDPCR), THE DESCHIPTOR MAY CALL ANOTHER OESCRIPTORJ THUS, 
NESTINGS or THE DPCR OCCUR IN THE DPCR STACK. THE DlrrERENT 
ATTRIBUTE FIELDS or THE DESCRIPTOR AqE EXTRACTED ANO PLACED IN THE 
ATTRIBUTE STACKS FOR FURTHER EVALUATION, 

THE ACCESS PERMISSION ANO REPRESENTATION ATTRIBUTES ARE COLLECTED 
IN THE ATTRIBUTE COLLECTION STACK CACS) ~OR FUTURE REFERENCE, THE 
STRUCTURE TyPE IS STORED IN THE DESCRIPTOR STRUCTURE TYPE REGISTER, 
THE STRUCTURE TYPE WILL DEFINE THE ALGORITHM USED TO ENT£R1 LOCATE 
OR REMOVE INFORMATION IN THE STRUCTURE, THE DATA FIELDS OF THE 
DESCRIPTOR WHICH DErINE THE DYNAMIC STATUS or STRUCTURES ARE 
REFERRED TO AS THE STATE WORD CSW>, 

THE SW . oErI~ES THE CONTAINER or THE STRUCTURE. THIS CONTAINER 
INFORMATION IS PLACED IN THE ATTRIBUTE CONTAINER START ADDRESS 
STACK (AC) ANO THE ATTRl"UTE CONTAINER LENGTH STACK CLC), THE SW 
ALSO CONTAINS INFORMATION WHICH WILL BE USED TO DEFINE THE 
INFORMATION l~LEMENT DESIRED IN THE STRUCTURE, THIS DATA IS PLACED 
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IN THE ATTRJ:euTE ELEMENT START ADOHESS STACK CAE) ANO THE ATTRIBUTE 
ELEMENT LENGTH STACK <LE>• 

THESE STACKS (AC1 LC• AE, ANO LE> MAKE UP THE ATTRIBUTE STACK CSEE 
FIGURE 2•1> ANO ARE UTILIZED BY THE DESCRIPTOR EVALUATION 
ARITHMETIC UNIT, THE DESCRIPTOR EVALUATION ARITHMETIC UNIT 
PERFORMS THE NECESSARY ARITHMETIC IN 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 DPCR, 

THE ATTRIBUTE STACKS ARE FIXED IN SIZE. THE NUMBER or ENTRIES IN 
EACH STACK IS DETERMINED SY THE MAXIMUM NUMB£R OF ENTRIES REQUIR£D 
BY THE ALGORITHM USING THE STACK, THE WIDTH or EACH STACK IS 
LIMITED BY THE MAXIMUM LEVEL•2 STORAGE SIZE, THE DPCR STACK DEPTH 
DETERMINES THE DEPTH or NESTING OP STRUCTURES. 

THIS KERNEL IS THE BASIC PART OF THE 88500 INTERPRETER• ANO THE 
REST or THE MACHINE SHUULO BE CONSIDERED WITH THE KERNEL AS A 
REF'ERENCE, 

STRUCTURES 

-------··· 
A STRUCTURE IS AN ORDERING or A SET or ELEMENTS WHICH DEFINE THE 
ACCESSING OF' AN ELEMENT IN THE SETe AN ELEMENT JS AN ACCESSIBLE, 
CONTIGUOUS SET OF BITS• ACCESSING Is THE TRANSFOHMATlON OF A NAME 
TO A PHYSICAL LOCATIONe 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 FIXEO•LENGTH ELEMENTS• FIELDS WITH PARAMETRIC 
POSITION AND LENGTH, ANO COMPOSITE STRUCTURES, 

ELEMENTS Of STRUCTURES ARE NOT RESTRICTED TO BEING SIMPLE ELEMENTS, 
EVERY STRUCTUR[ MAY HAVE ELEMENTS or ANY STRUCTURE· INCLUDING THE 
SAME STRUCTURE, BY INCLUDING STRUCTURED ELEMENTS• INTEHESTING 
NESTED STRUCTURES CAN BE DEFINED• SUCH AS ARRAYS <VECTORS Of 
VECTORS) AND RECORDS (fIELOS or FIELDS or rIELDS ••• >. 

IT IS POSSIBLE TO GIVE A SET or INFORMATION TWO OR MORE oirrERENT 
INDEPENDENT STRUCTURES. SUCH STRUCTURES ARE CALLED COSPATIAL• 

ALL MA~IPULATIONS UPON AN INrORM~TION STRUCTURE AR£ PERFORMED WITH 
ONE OR MORE STRUCTURE DESCRIPTIONS, 
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DESCRIPTION SYNTAX 
••••••••••• •••••• 

BRACKETS ARE USED TO INDICAT[ SELF IDENTIFYING EXPRES$IQ~$ WHICH 
ARE NOT DETAILED ,URTHER IN ANY SYNTAX, 

DESCRIPTION 11• ACCESS A'rTRl8UTE~• STRUCTURE EXPRESSION, 
INTERPRETER ATTRIBUTES 

ACCESS ATTRIBUTES11s READ FAULT INDICATOR, WRITE FAULT 
INDICATOR 

READ FAULT INDICATOR 11• <NO READ FAULT>/ 
<READ fAULT>1 FAULT PROCEDURE NAME 

WRITE FAULT INDICATOR 11• <NO WRITE FAULT>/ 
<WRITE FAULT>, FAULT PROCEDURE NAME 

FAULT PROCEDURE NAME 11• NAME 

INTERPRETER ATTRIBUTES 11~ <DESCRIPTOR>/ 
<PHOGRAM1 LEXIC LINK• PARAMETER 
BIT1 F'UNCTION>/ 
<DATA>• FORMAT SELECTOR I 
<LOCK>• FORMAT SELECTOR 

FORMAT SELECTOR 11• <INDEX USED TO SELECT FORMAT fORI 
ARITHMETIC• LOGICAL, OR CHARACTER>/ 
<NULL F'ORMAT> 

STRUCTURE EXPRESSION 11• <ADDRESS•FIELD•LENGTH>1 CONTAINER, 
EXPRESStON1 <ENO> 

CONTAINER 11• CALLOCATE>1 CONTAINER INSTRUCTION 

CONTAINER•INSTRUCTION 11• <SEGMENT (NUMBER)>/ <CALL CNAME)> 

EXPRESSION 11• INSTRUCTION I 
INSTRUCTION, EXPRESSION 

INSTRUCTION ti• <FIELD C~•L>> I 
<VARIABLE FIELD> I 
<VECTOR (A•L>>I 
<LIST (A_,p,Q)>/ 
<QUEUE CAI1A01L)> I 
<VARIABLE QUEUE CAI1A01L)> I 
<STACK CA1L)> I 
<PUSHDOWN CA,,L)> I 
<STACK•VECTOR CA1L)> I 
<CALL< NAME)> 
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NAME& 

NAMES IN TH[ 98500 SYSTEM ARE SHORTHAND DESCRIPTIONS USED TO ACCESS 
ELEMENTS r~OM STRUCTURES WHICH ARE KNOWN TO THE HARDWARE, NAM£S 
ARE rouND EMBEDDED IN PROGRAM ANO DESCRIPTION, THE 88500 
RECOGNIZES SIX (6) KINDS Or NAMES, THE SYNTAX FOR NAME 151 

NAME II• <COROUTINE RELATIVE>, STACK NUMBER1 LL1 01 
<OtSPLAY RELATIVE>, LL1D/ 
<SLICE RELAT!V[>1 0/ 
<COROUTINE N•BASE RELATIVE>, STACK NUMBER1 0/ 
cN•BASE RELATIVE>, DI 
<PROGRAM RELATIV£>1 OP 

STACK NUM8EA: 11• <INO~X INTO THE COROUTINE STACK> 

LL II• <INDEX INTO THE DISPLAY VECTOR> 

0 ti• <DISPLACEMENT FHOM BASE> 

OP II• <A DISPLACEMENT FROM BASE OF PROGRAM SEGMENT> 

A <COROUTINE RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM AN 
N•STACK BYI 

A, SELECT DISPLAY • COROUTINE DlSPLAYCSTACK NUMBERJ, 

e, SELECT SLICE • DISPLAYCLLl, 

c, SELECT ELEMENT • SLICE[OJ, 

A <DISPLAY RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE 
CURRENT N•ST•CK BYI 

At SELECT SLICE • CURRENT DISPLAY tLLl 

81 SELECT ELEMENT • SLICE tOl 

A <SLICE RELATIVE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM THE 
CURRENT SLICE CONTAINED lN TH£ CURRENT N•STACK BY1 

A, SELECT ELEMENT • CURRENT SLICE fDJ, 

A cCOROUTtNE N•BASE> NAME ALLOWS ACCESSING OF AN ELEMENT FROM AN N• 
STACK WITHOUT USING THE DISPLAY M£CHANISMt TH[ ELEMENT IS ACCESSED 
BYI 
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A, SELECT N•STACK • COROUTINE DISPLAY [STACK NUMBER] 

8, SELECT ELEMENT • N•STACK tDl 

A <N•BASE RELATIVE> NAME ALLOWS ACCESSING or AN ELEMENT rROM THE 
CURRENT N•STACK BY 

A, SELECT ELEMENT • CURRENT N•STACK t01 

A <PROGRAM RELATIVE> NAME ALLOWS ACCESSING or AN ELEMENT ,ROM THE 
CURRENT PROGRAM STRING BYI 

A, SELECT ELEMENT • CURRENT PCR CDPJ 

THE RESOLUTION or OP Is THE SYLLAeLE, THE LENGTH or AN ELEMENT 
IS THE SAME AS roR THE N•STACK. 

THE RESOLUTION or 0 IS TO THE ELEMENT o~ THE N•STACK, 

DESCRIPTION EVALUATION •• EVALUATE OPERATION 

-·--·------ ··--······ -- -·------ ··-------
ACCESSING STRUCTURED INFORMATION INVOLVES EVALUATION or DES· 
CRIPTIONS BY USE or THE EVALUATE OPERATION PERFORMED BY THE KERN[L. 
THE PRODUCT or DESCRIPTION EVALUATION IS A RErERENCE1 CALLED THE 
TERMINAL DESCRIPTOR• ON THE ATTRiqUTE STACK1 THE PARTICULAR 
ELEMENT REFERENCED IN THE STRUCTURE DEPENDS UPON THE MOOE nr 
EVALUATION or THE DESCRIPTION AND THE PARAMETERS SUPPLIED. THE 
EVALUATION MODES ENTER1 REMOVE, AND CONSTRUCT MAV' BE APPLIED TO ALL 
STRUCTURES, FOR LIST STRUCTURES Two ADDITIONAL MODES1 RESET ANO 
SEQUENC[• ARE AVAILABLE• EVALUATION BEGINS WITH THE EXECUTION or 
AN EVALUATE OPERATION WHICH USES AN EMPTY TERMINAL DESCRIPTOR ANO A 
DESCRIPTOR TO BE SCANNED By THE KERNEL, 

ACCESS ATTRIBUTES 

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

STRUCTURE EX~RESSION 

THE STRUCTURE EXPRESSION CONSISTS or AN ALLOCATE BIT FOLLOWED BY A 
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SEQUENCE or STRUCTURE INSTRUCTIONS, Ir THE ALLOCATE BIT IS FALSE 
AN IMMEDIATE ALLOCATE FAULT OCCUR5o OTHERWISE1 THE STRUCTURE 
EXPRESSION INSTRUCTIONS ARE EXECUTED FROM LEFT TO RIGHT, EACH 
INSTRUCTION CONSISTS or AN OPERATION ANO A STRUCTURE STATE. 

THE STRUCTURE STATE CONTAINS ADDRESS ANO LENGTH FIELDS, THE LENGTH 
or THE rIELDS IN THE STRUCTURE STATE IS SPECIFIED BY THE ADDRESS• 
FIELD•LENGTM or THE STRUCTURE EXPRESSION. THE FIRST INSTRUCTION OF 
A STRUCTURE EXPRESSION MUST DEFINE A SEGMENT NU~BER, THIS MAY BE 
OErINEO EITHER EXPLICITLY wlTM A SEGM~NT INSTRUCTION OR WITH A CALL 
INSTRUCTION OF ANOTHER STRUCTURE ~HICM DEFINES THE SEGMENT NUMBER, 
THE SEGMENT NUMBER IS INSERTED IN A SEGMENT INSTRUCTION OF THE 
TERMINAL DESCRIPTOR, 

STRUCTURES IN WHICH ALLOCATION MAY OCCUR ARE GOVERNED BY MOO£• 
DEPENDENT INSTRUCTIONS, ACCESSES TO MODE•OEPENOENT STRUCTURES IN 
REMOVE OR ENT£R MOOE WILL CHANGE THE STRUCTURE STATE FOR ALLOCATION 
OR DEALLOCATION Of AN ELEMENT RESPECTIVELY, 

ACCESSES TO ANV' STRUCTURE IN CONSTRUCT MODE HAVE NO EFrECT ON 
STRUCTURE STATE. IN THE CASE or MODE•INOEPENOENT STRUCTURES• ENT£R 
ANO REMOVE MODES ARE EQUIVALENT TO CONSTRUCT MOOE, IN STRUCTURES 
WITH MORE THAN ONE MOOE•OEpENDENT INSTRUCTION, MODE HAS EFFECT ONLY 
ON THE rIRST MODE•OEPENOENT tNSTRUCTIONJ THAT IS• If A STRUCTURE 
HAS sueSTRUCTuRES IN ~HICH ALLOCATION MAY OCCUR• ALLOCATION CAN 
OCCUR ONLY IN THE FIRST ALLOCATABLE STRUCTURE, 

EACH INSTRUCTION AFTER THE INITIAL ONE IN A STRUCTURE EXPRESSION 
OPERATES ON AN AC ANO LC To DEFINE A PROPER SUBSTRUCTURE WITHIN THE 
CONTAINER BY A SPECIFIC RULE. THE our-or·eOUNOS rAULT OCCURS Ir 
THE suerIELD ts NOT WHOLLY CONTAINED BY THE CONTAINER. UNLESS 
OTHERWISE S~EcirIEO• PARAMETERS REQUIRED BY CERTAIN INSTRUCTIONS 
ARE FOUND ON THE VALUE STACK <vss>, WHICH IS DESCRIBED LATER, 

STRUCTURE EXPRESSION OPERATORS 

A DESCRIPTION OF EACH INSTRUCTIO~ FOLLOWS CDETAILS CAN BE fOUND IN 
APPENDIX A)I 

THE FIELD INSTRUCTION DiFINES A SURFIELD WITHIN THE CONTAINER AY 
SPECiricATION o~ THE AODRESS1 A1 or THE INITIAL BIT AND THE LENGTH1 
Li or THE SUBFIELD. THE VARIABLE·rIELD INSTRUCTION SIMILARLY 
DEFINES A SUBFIELD BUT THE ADDRESS AND LENGTH ARE PARAMETRIC, 

THE VECTOR INSTRUCTION DEFINES A rIELD WHICH IS A SINGLE ELEMENT or 
A SET _or CONTIGUOUS• EQUAL-SIZE ELEMENTS BY.MEANS OF A PARAMETRIC 
SUBSCRipT, THE ADDRESS# A, or THE. FIRST ELEMENT1 AND THE ELEMENTAL 
LENGTH• L, 

THE STACK INSTRUCTION ANO PUSHDOWN INSTRUCTION AR£ USED FOR LAST• 

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, Pennsylvania .. 



2• 8 
1761•2045 

IN•FIRST•OUT CONTIGUOUS STRUCTURES WITH FIXED•SIZ£ ANO VARtABLr• 
SIZE ELEMENTS1 RESPECTIVELy, EITHER INSTRUCTION OEFINES1 

At IN CONSTRUCT MODE1 A REFERENCE TO THE TOP ELEMENT OF THE 
STRUCTURE ~ITH ADDRESS COUPLE CA,L), 

a. IN REMOVE MODE• A RErERENCE TO AN ELEMENT DEFINED BY (A•L•L>. 

C1 IN ENTER MODE• A REFERENCE TO AN ELEMENT DEFINED BY CA+L1L)e 

ELEMENT LENGTH IS PARAMETRIC FOR ACCESSES INTO PUSHDOWN STRUCTUR£S 
IN ENTER MODE, ACCESS TO STACK ANO PUSHDOWN STRUCTURES CAUSE 
FAULTS ON OV[RFLOW OR UNDERFLOW CONDITIONS, 

THE QUEUE ''ND VARIABLE•LENGTH QUEUE INSTRUCTIONS ARE USED FOR 
flRST•IN•FlR5T•OUT CONTIGUOUS STRUCTURES WITH FIXED•SIZE AND 
VARIABLE•SIZED ELEMENTS, RESPECTIVELY, ACCESS TO THE FIRST OR LAST 
ELEMENT or EITHER STRUCTURE IS MADE USING REMOVE MOOE OR ENTER 
MOOE1 RESPEC'flVELYe ELEMENT LENGTH IS ~ARAMETRIC FOR ACCESSES INTO 
VARIABLE•LENGTH QU[UE STRUCTURES IN ENTER MODE, ACCESSES TO BOTH 
TYPES Of QUEUE STRUCTURES CAUSE rAULTS ON QUEUE FULL OR EMPTY 
CONDITIONS, 

THE LIST INSTRUCTION DEFINES REFERENCES TO ELEMENTS OF A LINKED 
LIST or [QUAL•SIZE ELEMENTS. ALLOCATION ANO DEALLOCATION ARE 
ACHIEVED BY USE OF A FREE LIST WHICH RESIDES WITH THE LIST 
STRUCTURE IN A CONTAINING rtELD. AN ACCESS TO THE LIST STRUCTURE 
IN CONSTRUCT MODE RESULTS IN A REFERENCE TO THE LIST ELEMENT, A 
HEADER POINTl~R, A• CURRENT ELEMENT POINTER• p, ANO A POINTER, Q, TO 
THE ELEMENT ~HICH PRECEDES THE CURRENT ELEMENT ARE PART OF THE LIST 
STRUCTURE STATE. 

AN ENTER MODE ACCESS CAUSES AN ELEMENT• DESCRIBED BY A REFERENCE ON 
NSS1 TO BE LINKED INTO THE LIST B[TWEEN THE P ANO Q POINTERS. THE 
P POINTER IS SET SO AS To ADDRESS THIS NEW ELEMENT, SIMILARLY, A 
REMOVE MODE ACCESS DELINKS THE ELEMENT BET~EEN THE P ANO Q POINTE~S 
AND P IS ADVANCED TO THE SUCCESSOR TO THE REMOVED ELEMENT, THE P 
ANO Q POINTERS MAY ALSO BE CONTROLLED BY THE LIST SEQUENCE ANO 
RESET OPERATIONS, SEQUENCE ADVANCES P ANO Q TOWARD THE TAIL OF THE 
LIST, RESET SETS P BACK TO THE HEAD POSITION• 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, PUSHOOWN•STACK ANO PUSHOOWN•PUSHDOWN, ARE 
STRUCTURES SIMILAR To CERTAIN HARDWARE STRUCTURES or THE CENTRAL 
PROCESSOR ANO DEAL WITH A COARSE STRUCTURE OVER A FINE STRUCTUR£. 
THE PURPOSE or PRESENTING THES~ COMPOSITE STRUCTURES HERE IS TO 
MAKE FORMAL THEIR USE IN THE. HARDWARE, THUS• THEY ARE NOT 
STRUCTURE INSTRUCTIONS USABLE IN nESCRIPTIONS BY SDFTWARE1 BUT 
CERTAIN OPERATIONS CAN BE BETTER UNDERSTOOD BY FAMILIARITY WITH 
THESE STRUCTURES, 
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COMPOSITE STRUCTURES HAVE PROPERTIES SIMILAR TO THOSE or COSPATIAL 
STRUCTURES JN THAT BOTH CONSIST OF MULTIPLE STRUCTURES OVER A 
SINGLE CONTAINER FIELD, HOWEVER, COMPOSITE STRUCTURE ACCESSES HAVE 
ADDITIONAL PROVISIONS FOR UPDATING THE STRUCTURE STATE or ALL Of 
THE STRUCTURES XN THE COMPOSITE STRUCTURE, COMPOSITE STRUCTURES 
ARE ALSO ACCESSIBLE BY THEIR COARSE• FINE OR COMPOSITE NAMES. rnR 
EXAMPLE1 WITH A SINGLE ACC£SS TO A PUSHOOWN•STACK' A CHlNGE IN THE 
STATES OF BOTH TH( PUSHDOWN ANO THE STACK1 OR JUST THE PUSHDOWN, nR 
JUST THE STACK• CAN BE EFFECTEU ~y SELECTION OF THE APPROPRIATE 
NAME WITHIN THE STRUCTURE, IN PARTICULAR, A REM0¥E MODE ACCESS 
WITH A PUSHDQWN•STACK INSTRUCTION RESULTS IN A SINGLE OPERATION 
EQUIVALENT TO A REMOVE OF THE PUSHDOWN ELEMENT AND A NUMBER MF 
REMOVES TO THE STACK STRUCTURE EQUAL TO THE NUMBER or FINE ELEMENTS 
CONTAINED BY THE PUSHDOWN ELEMENT, 

THE PUSHOOWN•PUSHOOWN 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 INTO A 
VECTOR or STACK ELEMENTS. VECTOR ACCESSES IN A STACK-VECTOR 
STRUCTURE ARE BOUNDED BY TH£ STACK• THE STACK tLEMENT AND VECTOR 
ELEMENT ARE or EQUAL sizE, IN CONTRAST TO THE FINE•COARSE SIZES or 
THE OTHER COMPOSITES, 

THE CALL INSTRUCTION EVALUATES A DESCRIPTION BY SPECIFYING THE NAME 
or THE DESCRIPTION TO sE EVALUAT~o. A RETURN OCCURS WHEN 
EVALUATION OF THE CALLED DESCRIPTION IS COMPLETE, 

AT THE COMPLETION or THE STRUCTURE EXPRESSION, THE INTERPRETER 
ATTRIBUTES ARE COPIED INTO TH~ TERMINAL OESCHIPTION, THIS 
COMPLETES THE EVALUATE OPERATION, 

INTERPRETER ATTRIBUTES 

THE INTERPRETER ATTRIBUTES ARE EXAMINED, IF THE INTERPRETER 
ATTRIBUTE IS "DESCRIPTION"• EVALUATION THEN CONTINUES WITH AN 
EVALUATE OPERATION ON THE DESCHIPTION LOCATED 8Y THE TERMINAL 
DESCRIPTION, Ir THE INTERPRETER ATTRIBUTE IS NOT DESCRIPTION THEN 
THE TOP OF' THE ATTRIBUTE STACK IS MOVED TO NSS AND EVALUATION IS 
COMPLETE WITH THIS STEP, 

TERMINAL DESCRIPTION APPLICATIONS 
····--·- -·------·-· ··-··-----·· 
ruRTHER USE or THE REFERENCE DEVELOPED BY THE EVALUATION MECHANISM 
MAY BE MADE BY THE OPERATIONS VALUE1 NAME• STORE• OR EXECUTE, WHICH 
ARE SPECIFIED IN THE PARAGRAPH IN THIS SECTION ENTITLED 
"DESCRIPTION or OPERATORS". 
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IT SHOULD BE NOTED THAT THE LOCK INTERPRETER ATTRIBUTE IS TREATED 
AS A DATA INTERPRETER ATTRIBUTE WITH TH! DEFINED DATA FIELD 
CONTAINING A ONE•BIT FLAG IN THE MOST SIGNIFICANT (OR ONLY> BIT 
POSITION OF THt FIELD, 

PROCESSOR STRUtTURE DESCRlpTION 
••••••••• •••••••••••••••••••• 

FUNCTIONAL DESCRIPTION 

THE FOLLOWING IS A FUNCTIONAL DESCRIPTION O~ THE STRUCTURE OF THE 
88500 PROCESSOR MODULE AND USES ONLY THOSE STRUCTURES WHICH THE 
KERNEL CAN EVALUATE, THIS PERMITS THE PROCESSOR STRUCTURE TO RE 
DEFINED AS A STRUCTURE RESIDING IN 1LEVEL•t STORAG£, THIS• IN 
ESSENCE. GUARANTEES THAT THE AMOUNT or LOCAL eurrERING USED IN THE 
PROCESSOR Will . NOT INFLUENCE THE ruNCTIONAL OPERATION OF THE 
MACHINE, 

LOCAL BUFFERING MUST BE APPLIED AS ASSOCIATIVE MEMORY OVER THE 
LEVEL•l STRUCTURE, IN THIS WAY THE BUFFERING IS ONLY A PARAMETFR 
WHICH MAY BE VARIED TO CONTROL PROCESSOR SPEED, AS AN EXAMPLE, A 
SERIAL PROCESSOR WILL HAVE NO BUFFERING WHEREAS THE 88500 WILL MAKE 
EXTENSIVE ust or LOCAL eur~~RING. YT CAN BE S[[N THAT BY USING A 
SINGLE FUNCTIONAL DESCRIPTION IT IS POSSIBLE TO DESCRIBE A SERIFS 
OF MACHINES Dtr,ERING ONLY IN SPEED, 

THE BASIC PROCESSOR STRUCTURES AREi 

At THE RESOURCE CONTROL STRUCTURE, 

8 1 THE PROCEDURE CONTROL STRUCTURE, 

C, THE COROUTINE CONTROL STRUCTURE, 

0 1 THE PROGRAM CONTROL STRUCTURE, 

THESE STRUCTURCS PROVIDE ALL THE MECHANISMS REQUIRED TO MANAGEI 

A, "N" LEVELS or STORAGE, 

a. ALLOCATION or PROCESSORS, 

c. THE INTERNAL CONTROL or COROUTINE AND PROCEDURE ENTRY AND 
RETURN 
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IT IS NECESSARY THAT HARDWARE BE PROVIDED TO PROTECT THE SYSTrM 
AGAINST A FAULTY PROcrss. THIS PROTECTXON IS ACH?EVEO BY USING THE 
RESOURCE STFtucTURE, THE RESOURCE ST•~CK CRSS) PREVENl'S ACCESS To 
RESOURCES WHICH HAVE NOT BEEN GIVEN EXPLICITLY TO A PROCESS, 

DECLARATION SYNTAX 

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

<DECLARATION> II• OECLARr <OECL•LIST>J 

<DECL•LIST> 11~ <DECL> I 
<OECL•LIST> • <OFCL> 

<OECL> II• <STRUCTURE•OECL> <TYPICAL-ELEMENT>/ 
<DECL> AND <STRUCTURE•OECL> 
<TYPICAL ELEMENT> 

<STRUCTURE•OECL> 11= <TYPE> <NUMRER•OF•ELEMENTS> <NAME>/ 
COMPOSITE <NUMBER•OF•ELEMENTS> 
<NAME> Of 

<TYPE> It• <IDENTIFIER> 

<NAME> Ila <EMPTY> I 
NAMED <IDENTirIER> 

<NUMBER•OF•ELEMENTS> II• <EMPTY> 
or <IDENTirIER> ELEMENTS I 
TEMPLATE 

<TYPICAL•ELEMENT> 11• <SIZE> <FORMAT> 

<SIZE> It• WITH ELEMENT SIZE <10£NTIFIER> I 
VARIABLE I 
<EMPTY> 

<FORMAT> 11• USING FORMAT <KIND> I 
<EMPTY> 

<KIND> Itta BINARY SIGNED INTEGER I 
BINARY UNSIGNED INTEGER I 
DE:SCRIPTION I 
LOGICAL 
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<IDENTIFIER> tim LETTER I 
<IOENTirIER> LETTER I 
<IDENTirIER> DIGIT 

<EMPTY> llQ COEVOID Of CONTENT> 

THE RESOURCE CONTROL STRUCTURE, 

2• 12 

THE 88500 SYSTEM IS VIEWED AS A SET or RESOURCES AVAILABLE TO A 
NUMBER or COMPETING PROCESSES, THE MANAGEMENT ANO ALLOCATION nr 
THESE RESOURCES 15 DISTRIBUTED OV~R A SET OF CONTROL PROCESSES, 
EACH CONTROL PROCESS MANAGES SOME SUBSET or PROCESSES. THE 
DISTRIBUTION OF R(SOURCES TO PROCESSES WHICH ARE CREATED AND 
CONTROLLED BY A PARTICULAR PROCESS Is THROUGH THE RESOURCE CONTROL 
S'rRUCTURE CR>, 

ONE ANO ONLY ONE R EXISTS FOR EACH PROCESSOR IN THE SYSTEM, AS THE 
PROCESSOR MOVES FROM PROCESS SPACE TO PROCESS SPACE, THE STRUCTURE 
KEEPS A HISTORY or THE RESOURCES BEING PASSED. AS A PROCESS Is 
CALLEO, THE SUBSET or THE RESOURCES THE CALLER WISHES TO PASS ARE 
PLACED IN THE RESOURCE STRUCTURE rOR 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 IT1 THE 
RESOURCES THAT HAD BEEN ALLOCATED f0R THAT PROCESS ARE REMOVED FROM 
THE RESOURCE STRUCTURE, 

A NUMBER or DlrFERENT RESOURCES ARE DESCRIBED BY ENTRIES IN THE R. 
TYPICAL ENTRIES ARE~ 

A, DESCRIPTIONS 0 F" SEGMENT CONTAINERS IN LEVEL•t, 

a. OESCRIPTJ:ONS l)F" SEGMENT CONTAINERS IN LEVEL•2, 

c, DESCRIPTJ:ONS Dr DEVICES IN LEVEL•3, 

o. DESCRIPTl'.ON 01=' THE PROCESSOR TIME, 

E, DESCRIPTJ:ON 01=- THE F'AULT MASKS, 

F' • OESCRIPTJ:ON 01=- THE fAULT ANO INTERUPT REGISTERS, 

THE RESOURCE STRUCTURE PROVIDES PROT£CTION AGAINST THE ILLEGAL USE 
or RESOURCES RY A PROc£ss AND THE CHANGING or RESOURCES WHICH DO 
NOT BELONG TO A GIVEN PROCESS. THIS IS ACCOMPLISHED BY HAVING THE 
R OUTSIDE or THE ADDRESSING SPACE OF ALL PROCESSES EXCEPT IMP, TME 
HARDWARE _CAN ACCESS THE RESOURCE STRUCTURE rOR FINAL COMBINE 
OIPERAT IONS, 
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RESOURCE STRUCTURE -------- ··--·-··· 
BRACKETS ARE USED IN THIS SYNTAX AND OTHERS IN THE PROCESSOR 
STRUCTURE SECTION TO INDICATE DErlNITIONS TO rOLLOW. 

RESOURCE ST~UCTURE DECLARATXON1 

DECLARE COMPOSITE NAMED <R> or PUSHDOWN NAMED <RS> 
AND STACK or <Ntl> ELEMENTS 
NAMED <RSS> WIT~ ELEMENT SIZE <N2> USING 
FORMAT DESCRIPTION1 

COMPOSITE OF STACK NAMED <RL> 
WITH <N12> ELEMENTS ANO VECTOR NAMED 
<RR> WITH ELEMENT SIZE <N2> USING 
FORMAT OESCRIPTION1 

VECTOR TEMPLATE NAMEO <TR> WITH ELEMENT 
SIZE <N2> USING fORMAT OESCRIPTION1 

FIELD NAMED <IMP MODE> WITH SIZE 
1 USING FORMAT LOGXCALJ 

IDENTIFIER DErINITIONa 

R IS THE RESOURCE STRUCTURE, 

RS IS THE RESOURCE SLICE. 

RSS IS THE TOP RESOURCE STACK CONTAINER, 

RR IS THE RfSOURCE 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 MOOE IS A FLAG USED TO INDICATE THAT THE PROCESSOR 
IS IN THE INTERPETER MANAGEMENT PROCESS, 

THE IDENTIFIER N11N21NJ.,, STANDS FOR A PARAMETER TO BE 
DEFINED BY IMPLEMENTATIUNe 
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THE PROCEDURE CONTROL STRUcTURE 

'~ NUMBER OF HIGHER•LEVEL LANGUAGES CAN MAKE ErFECTIVE USE or A 
STRUCTURE rOR CONTROLLING THE ALLOCATION OF LEVEL•1 STORAGE rnR 
PASSING PARAMETERS TO PROCEDURES AND FUNCTIONS ANO FOR ALLOCATING 
STORAGE rOR LOCAL VARIABLES USED WITHIN PROCEDURES• FUNCTIONS, ANO 
BLOCKS, THE PROCEDURE CONTROL STRUCTURE PROviors THIS MECHANISM. 

THE STRUCTURE CONSISTS Of A STACK FOR STORING DESCRIPTIONS OF THE 
DATA STRUCTURES USED BY A PROGRAM• ANO OF A DISPLAY FOR CONTROLLING 
THE PARTICULAR DESCRIPTIONS WHICH ARE CURRENTLY VISIBLE TO THE 
PROGRAM BY LEXIC LEVEL NAME~, DESCRIPTIONS MAY ALSO BE ADDRESSED 
BY N•eASE RELATIVE NAMES, IN ADDITION• A VARlABLE•WIDTH STACK 
CPUSH•DONN> IS PROVIDED FOR STORING VALUES OF VARIOUS TYPES AND 
f"ORMATS, 

THE VSS IS STRONGLY CONNECTED TO THE NSS IN THAT ALL ENTRIES IN THE 
vss ARE DESCRIBED IN THE Nss. THE vss ANO NSS ARE ALSO USED AS TME 
ARITHMETIC EXPRESSION EVALUATION STACKJ THAT IS• THE TOPS OF THESE 
STACKS ARE USED BY THE AU FOR SOURCES OF OPERANDS AND AS A 
DESTINATION FOR RESULTS, 

WHENEVER PARAMETERS OR LOCALS ARE TO BE ENTERED IN THE PROCEDURE 
STRUCTURE (PROCEDURE OR FUNCTION CALL ANO BLOCK ENTRY)1 A SLICE 
DESCRIPTION MUST BE CREATED ANO ENTERED INTO THE DISPLAY. THE 
SLICE CONSISTS or THE OESCRIPTIONS THAT CURRENTLY EXIST IN THE 
ARITHMETIC EXPRESSION STACK PORTION or THE NAME STACK. A VECTOR 
TEMPLATE IS BOUND TO A FIELD OE~CRIPTION or THE SPACE ~HICH 
ENCOMPASSES THE PORTION OF THE NSS TO BE SLICED, THE RESULTING 
VECTOR DESCRIPTION IS THEN PLACED INTO THE DISPLAY. 

PROCEDURE STRUCTURE DECLARATIONS 

DECLARE COMPOSITE NAMED <N> OF PUSHDOWN 
NAMED <NS> AND 5TACK OF <N13> ELEMENTS 
NAMEO <NSS> WITH ELEMENT SIZE <N2> USING 
FORMAT OESCRlPTION1 

COMPOSITE NAMED <V> OF PUSHDOWN 
NAMED <VS> AND PUSHDOWN OF <N14> ELEMENTS 
NAMED <VSs> WITH ELEMENT SIZE VARIABLE 
USING FORMAT DATA OR LOCK• 

VECTOR or <N3> ELEMENTS NAMED <D> WITH 
ELEMENT SIZE <NS> USING FORMAT DESCRIPTION• 

VECTOR TEMPLATE NAMEn <TN> WITH 
ELEM~NT SIZE <N2> USING FORMAT DESCRIPTIONJ 
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IOENTirIER DEFINITION1 

N IS THE NAME STRUCTURE, 

NS IS THE SLICE STRUCTURE, 

NSS IS THE NAME STACK, 

v IS THE VALUE STRUCTURE, 

vs IS THE VALUE SLICE STRUCTURE. 

vss IS THE VALUE STACK, 

D IS THE PROCEDURE DISPLAY, 

TN IS A VECTOR TEMPLATE USED TO CONSTRUCT 
DESCRIPTIONS FOR THE DISPLAY O, 

THE IDENTI,IER N11N21Nl.,, STANDS FOR A PARAMETER TO AE 
OEFXNED BY IMPLEMENTATION, 

THE COROUTINE CONTROL STRUCTURE 

PROCESSES REPRESENT ROUTINES WHICH EXIST CONCURRENTLY AND MAY BE 
EXECUTED ASYNCHRONOUSLY, COROUTINES ~EPRESENT ROUTINES WHICH EXIST 
CONCURRENTLY BUT ARE EXECUTED SYNCHRONOUSLY• A PROCESS MAY BE 
SWITCHED BETWEEN SEVERAL LINES OF CONTROL WITHIN A PROCESS BY USE 
OF THE COROUTINE STRUCTURE, EACM CONCURRENT ROUTINE IS DEFINED RY 
A PROCEDURE CONTROL STRUCTURE CNS~, VSS1 ANO D> ANO A PROGRAM 
CONTROL STRUCTURE (P) WHICH IS DEFINED, BY NAME1 IN THE NSS or THE 
RCJOT ROUTINE, 

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

THE STATE or THE ROUTINE CURRENTLY BEING EXECUTED IS HELO IN THE 
COROUTINE CONTROL f IELDe 
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COROUTINE STRUCTURE OECLARATIONt 

DECLARE COMPOSITE OF' STACK NAMED <C> WITH <N6> ELEMENTS 
AND VECTOR NAMED <CD> WITH ELEMENT 
FIELD NAMED ~CPD> WITH SIZE <N2> USING FORMAT 

DESCtU PT I ON 
AND FIELD NAMED <CLL> WITH SIZE <N7> USING FORMAT 

BINARY 
UNSIGNED INTEGER ANO FIELD NAMED <CDP> WITH SIZE 
<NS> USING FORMAT BINARY UNSIGNED INTEGER' 

FIELD NAMED <CCF> WITH 
FIELD NAMED <ND> WITH SIZE <N2>.USING 
DESCRIPTION 

ANO F'IELD NAMED <vD> WITH SIZE 
DESCRIPTION 

AND F'l£LD NAMED <OD> WITH SIZE 
DESCRIPTION 

ANO F'IELD NAMED <PO> WITH SIZE 
DESCRIPTIONJ 

IDENTIFI~R OEf INITION1 

C IS THE COROUTINE STRUCTURE, 

CD IS THE COROUTINE DISPLAY. 

<N2> USING 

<N2> USING 

<N2> USING 

FORMAT 

FORMAT 

F"ORMAT 

FORMAT 

CPD IS REFERENCE TO THE PROCEDURE DISPLAY Of 
THE ROOT ROUTINE. 

CDP IS DISPLACEMENT ~ROM LL SPECIFIED 
IN Cl.L, 

CLL IS THE Lr.xIC LEVEL WHERE THE DESCRIPTION 
Or THE CURRENTLY ACTIVE COROUTINE IS FOUND, 

CCF' IS THE CURRENTLY ACTIVE ROUTINES STATE, 

ND IS DESCRIPTION a, THE N STRUCTURE, 

VD IS OE5CRIPTION or THE v STRUCTURE. 

DO IS DESCRIPTION 0, THE D STRUCTURE, 

PD IS DESCRIPTION or THE p STRUCTURE. 

TH~ lDENTirIER N1•N2.N3,,, STANDS roR A PARAMETER TO BE 
DErINEO BY IMPLEMENTATION, 
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THE PROGRAM CONTROL STRUCTURE 

THE PROGRAM CONTROL STRUCTURE IS USED TO RETAIN THE HISTORY or 
SUBROUTINE, PROCEOUR£, FUNCTIONS• ANO LOOP CALLS. WHENEVER A CALL 
IS MADE ON A NEW ROUTINE• THE DESCRIPTION or THE ROUTINE IS PUSHED 
INTO p, UPON RETURN• p IS POPPED• ANO THE DESCRIPTION or THE 
ROUTINE BEING EXITED IS REMOVED, A BRANCH ~EPLAC~S THE CURRENT TOP 
DESCRIPTION IN THE STACK, 

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

PROGRAM STRUCTURE DECLARATIONS 

DECLARE STACK or <N9> ELEMENTS NAMED <P> WITH ELEMENT 
FIELD NAMED <CONTAINER•ADDRESS> WITH SIZE <N10> 
USING f0RMAT ~INARY ~IGNEO INTEGFR ANO 
rIELO NAMED <CONTAINER•LENGTH> WITH SIZE <N10> 
USING FORMAT BINARY SIGNED INTEGER AND 
FIELD NAMED <SEQUENCER> WITH SIZE <N11> USING 
FORMAT BINARY SIGNED INTEGER ANO 
FIELD NAMED <LENGTH> WITH SIZE <N12> USING 
FORMAT BINARY SIGNED INTEGER ANO 
f IELO NAMED <PARMS> WITH SIZ£ 1 USING 
FORMAT LOGICAL 
FIELD NAMED <FUNCT> WITH SIZE l USING 
FORMAT LOGICAL 
FIELD NAMED <CURRENT LL> WITH SIZE <N1> USING 
FORMAT BINARY INTEGERJ 

IOENTlrIER DErINITION• 

p IS THE PROGRAM CONTROL STRUCTURE, 

CONTAINER•ADDRESS IS ADDRESS or THr CONTAINER HOLDING 
THE PROGRAM STRING, 

CONT A I NER•LIENGTH IS LENGTH OF THE CONTAINER HOLDING 
THE PROGRAM STRING, 

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

Ll~NG TH 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 OR NOT, 

ruNCT 15 A FLAG INDICATING ~HETHER THE PROCEDURE 
RETURNS A VALUEt 

2· 18 

THE IDENTlrlER N11N2,N3,,, STANDS FOR A PARAMETER TO RE 
DEFINED BY IMPLEMENTATION, 

DESCRIPTION or OPERATORS 
·······-··· .. -········ 
roR CLARITY THE OPERATOR IS GIVEN FIRST ANO ANY PARAMETERS THE 
OPERATOR MAY REQUIRE ARE GIVEN FOLLOWJNG THE OPERATOR, 

FOR EXAMPLEn 

CONSTRUCT CNAMIE> 

A, CONSTRUCT IS AN OPEHATOR, 

e. (NAME) IS A PARAMETER nF THE OPERATOR CONSTRUCT, 

CONSTRUCT CNAME> 

CONSTRUCT rETcMES ANO EVALUATES THE NAMED DESCRIPTION. EVALUATION 
IN CONSTRUCT MOOE BUILDS A REFERENCE IP~ THE ATTRIBUTE STACK, THE 
[VALUATION 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, 

IE NT ER C NAME) 

ENTER rETCHES AND EVALUATES THE NAMED DESCRIPTION, EVALUATION IN 
ENTER MOOE ALLOCATES A rIELO IN THE NAMED STRUCTURE• AND BUILDS A 
REFERENCE TO THAT FIELD, VARIABLE•LENGTH ELEMENT STRUCTURES 
REQUIRE THE LENGTH PARAMETER roR THE rlELO TO eE ALLOCATED TO BE IN 
VSS PRIOR TO THE ENTER OpERATION, THE REFERENCE IN THE ATTRIBUTE 
:ST A C K I S _ M 0 VE Cl T 0 P~ S S , 
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REMOVE (NAME> 

REMOVE FETCHES AND EVALUATES THE NAMED DESCRIPTION, EVALUATION IN 
REMOVE MOOE DEALLOCATES A FIELD TN THE NAMED STRUCTURE1 ANO BUILDS 
A REFERENCE TO THAT DEALLOCATED rIELn. VARIABLE LENGTH STRUCTURfS 
CONTAIN THE ELEMENT LENGTH INrURMATION NEEDED roR DEALLOCATION. 
THE REFERENCE IN THE ATTRiaUTE STACK rs MOVED TO NSS. 

~IAMIE 

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 LOCK1 NO OPERATION TAKES 
PLACE, 

Ir THE INTERPRETER ATTRIBUTE IS PROGRAM1 A FUNCTION CALL OCCURS, 
THE RESULT or THE FUNCTION IS LEFT ON NSS ANO A NAME OPERATION Is 
RE•ExECUTED. CSEE THE EXECUTE OPERATOR roR FUNCTION CALL.) 

IF THE INTERPRETER ATTRIBUTE IS DESCRIPTOR1 THE ACCESS ATTRIBUTES 
ARE EXAMINED TO SEE If THE DESCRIPTOR CAN BE rETCHEO, Ir IT CAN1 
THE NEW DESCRIPTOR IS EVALUATEDJ OTHERWISE, AN ACCESS FAULT IS 
GENERATED. A NAME OPERATION IS THEN PERFORMED ON THE RESULT or 
THE EVALUATION, 

VALUE 

VALUE CAUSES A VALUE TO RE ENTERED INTO V, THE DESCRIPTION 
INTERPRETER ATTRIBUTES ARE EVAl.UATEO TO DETERMINE SUBSEQUENT ACTION 
AS FOLLOWS& 

IF THE INTERPRETER ATTRIBUTE IS DATA, THEN THE ACCESS ATTRIBUTES 
ARE EXAMINED TO SEE IF THE DATA CAN BE rETCHED. IF IT CAN RE 
rETCHED• THE RErERENCE GENERATED IS USED AS A PARAMETER TO MAKE 
AN ENTRY INTO V• CREATING AN ELEMENT VSS, THE rIELO OESCRIRED BY 
THE RErERENCE 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 IS GENERATED. 

Ir THE INTERPRETER ATTRIBUTE 15 LOCK• THE ACTION IS SIMILAR TO 
DATA EXCEPT THAT A READ•WITH•LOCK CYCLE IS ENVOKEO IN LEVEL•1 
STORAG(, TH~T IS1 THE FIELD IS FETCHED FROM LEVEL•1 ANO THE MOST 
SIGNIFICANT BIT SET To ONE IN LEVEL•1 WITHOUT ANY INTERVENING 
STORAGE CYCLl~S, 
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IF THE INTERPRETER ATTRIBUTE IS PROGRAM, A FUNCTION CALL OCCURS, 
THE RESULT or THE FUNCTION IS LEFT ON NSS AND A VALUE OPERATION 
IS RE•ExECUTEDe CSEE THE EXECUTE OPERATOR FOR FUNCTION CALL,) 

IF THE INTERPRETER ATTRIBUTE IS DESCRIPTION1 THE ACCESS 
ATTRIBUTES ARE EXAMINED TO SEE IF THE DESCRIPTOR CAN BE FETCHED, 
IF IT CAN, THE DESCRIPTOR IS EVALUATEDJ OTHERWISE, AN ACCESS 
FAULT IS GENERATED, A VALUE OPERATION IS THEN PERFORMED ON THE 
RESULT or THE EVALUATION, 

STORE 

1rHE STORE OPERATION IS UTILIZED TO MOVE A VALUE FROM VSS TO STORAGE 
OR STORAGE TO STORAGE, THE DESCRIPTION or THE SOURCE (WHICH MAY AE 
VSS> ANO THE DESTINATION rlELOS ARE ON NSS1 

IF THE INTERPRETER ATTRIBUTES Or THE SOURCE AND DESTINATION 
DESCRIPTORS ARE NOT IDENTICAL AN ILLEGAL OPERATION FAULT OCCURS, 
THE ACCESS ATTRIBUTES ARE EXAMINED, IF READ FAULT IS SET IN THE 
SOURCE DESCRIPTOR OR wRITE FAULT IS SET IN THE DESTINATION 
DESCRIPTOR AN ACCESS FAULT OCCURS, Ir NO FAULT OCCURS AND TME 
INTERPRETER ATTRIBUTES ARE DATA OR LOCK THE rORMAT AND LENGTH 
ATTRIBUTES OF THE SOURCE DESCRIPTOR ANO DESTINATION DESCRIPTOR 
ARE COMPARED, IF NECESSARY, A TRANSFORMATION OPERATOR IS CALLEO, 
SUBSEQUENT ACTION IS IDENTICAL FOR ALL CASES• NAMELY• THE SOURCE 
FIELD IS MOVED TO THE DESTINATION FIELD, 

E:XECUTE 

THE EXECUTE OPERATOR IS USED TD CAUSE SUBROUTINE ENTRY, THE 
FUNCTION or THE EXECUTE OPERATOR DEPENDS UPON THE INTERPRETER 
ATTRIBUTES OF THE DESCRIPTION IN Nss. 

Ir THE INTERPRETER ATTRIBUTE IS DATA OR LOCK1 NO OPERATION TAKES 
PLACE, 

IF THE INTERPRETER ATTRIBUTE IS PROGRAM A ~UNCTION CALL OR A 
PROCEDURE CALL OCCURS, THE REFERENCE ON NSS IS MOVED TO p, IF 
THE PARAMETER BIT IS SET, A DISPLAY CONTROL WORD COCW) IS PLAC~O 
ON NSS1 A SLICE IS MADE IN N• THE CURRENT LEXIC LEVEL IS SET TO 
THE LEXIC L£VEL or THE SuBROUTINE AND THE DISPLAY UPDATED, 

THE OCW• INSERTED INTO NSS DURING FUNCTION CALL OR SUBROUTINE 
CALL1 CONTAINS A rIELD FOR THE LEiic LEVEL OF THE SLICE CSL>• A 
LENGTH or SLICE FIELD CL) AND A LINK TO THE Dew FOR THE SLICE IN 
WHICH -THE SUBROUTINE QR fUNCT.ION WAS DECLARED. THIS LINK IS 
CARRIED IN THE LEXIC LINK PORTION OF THE PROGRAM DESCRIPTOR, 
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DISPLAY UPDATE CONSISTS or SEQUENCING THROUGH A DCW LIST AND 
TESTING AGAINST THE DlSpLAY ELEMENTS~ Ir THE DISPLAY ELEMENT• D 
[SL]• DESCRIBES THE SLICE 0, THE CURRENT DCW OR SL or THE CURRENT 
OCW tS ZERO THE DISPLAY UPDATE IS CQMPLETEJ OTHERWISE, A VECTOR 
DESCRIPTOR FOR THE CURRENT SLICE IS STORED INTO THE CURRENT 
DISPLAY ELEMENT, D CSLlt THE UPDATE CONTINUES BY SEQUENCING TO 
THE NEXT DCW AND REPEATING THE ABOVE TEST UNTIL THE UPDATE IS 
COMPLETED, 

Ir THE INTERPRETER ATTRIBUTE IS DESCRIPTOR, THE ACCESS ATTRIBUTfS 
ARE EXAMINED TO SEE Ir THE DESCRIPTOR CAN BE rETCHED, IF IT CAN, 
THE NEW DESCRIPTOR IS EVALUATEDJ OTHERWISE, AN ACCESS FAULT ts 
GENERATED, AN EXECUTE OPERATION 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 TME 
INTERPRETER ATTRIBUTES ARE PROGRAM OR DATA, THE DESCRIPTOH IS LErT 
IN NSS~ Ir THE INTERPRETER ATTRIBUTE IS A OESCRIPTOR1 A REFERENCE 
IS BUILT BY EXECUTING T~E OESCRlPTQR, THE CONTENTS or THE rIELD 
SPECirIEO BY THE RErERENCE REPLACES THE GIVEN DESCRIPTION, 

DESCRIBE CNA~t[) 

DESCRIBE GENERATES A DESCRIPTION or A DESCRIPTION. ACCESS 
ATTRIBUTES ARE SET TO THE CLEAREO STATE, THE INTERPRETER 
ATTRIBUTES WILL BE SET TD DESCRIPTION, THE STRUCTURE EXPRESSION 
GENERATED WILL BE A rIELD WITH THE AE ANO LE or THE NAME PASSED TO 
THE DESCRIBE OPERATOR AS A P4RAMETER FOLLOWED BY AN ENO, THE 
GENERATED DESCRIPTION IS LEFT IN NSS, 

ALLOCATE C NUIE) 

ALLOCATE USES AN UNALLOCATED STRUCTURE IN NSS ANO THE NAME or AN 
ALLOCATED STRUCTURE, THE uNALLOCATED STRUCTURE IN NSS IS EVALUATED 
TO SEE IF THE FIRST STRUCTURE EXPRESSION IS A CALL OR A SE~MENT 
NUMBER· FIELD. Ir IT IS NEITHER• AN ILLEGAL OPERATION rAULT IS SET. 
IF IT IS A CALLP THE NAME or THE ALLOCATED STRUCTURE IS PASSED TO 
THE CALL• Ir IT XS A SEGMENT•NUMBER rIELD• THE NAMED DESCRIPTOR or 
THE ALLOCATED STRUCTURE IS EXECUTED !N ENTER MODE. 
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THE RESULTING REFERENCE IS PASSED TO THE rIELO EXPRESSION or THE 
UNALLOCATED STRUCTURE. THE DESCRIPTION or THE NEWLY ALLOCATED 
STRUCTURE IS ~EfT ON Nss. 

BIND <NAME> 

THE BIND OPERATOR IS GIVEN THE NAME or AN ALLOCATED STRUCTURE ANO 
AN UNALLOCATro STRUCTURE IN NSS, THE DESCRIPTION or THE 
UNALLOCATED STRUCTURE IS EVALUATED TO SEE Ir THE FIRST STRUCTURE 
EXPRESSION IS A CALL OR A SEGMENT NUMBER, rIELDt Ir IT IS NEITHER 
AN ILLEGAL OP(RATION rAULT IS SET. Ir IT IS A CALL THE NAME OF THE 
ALLOCATED STRUCTURE IS PASSED TO THE CALL. I~ IT IS A SEGMENT• 
NUMBER•rIELD1 THE NAMED DESCRIPTOR or THE ALLOCATED STRUCTURE IS 
EXECUTED IN CONSTRUCT MODE. 

THE RESULTING REFERENCE IS PASSED TO THE FIELD EXPRESSION Of THE 
UNALLOCATED STRUCTURE, THE DESCRIPTION or THE NEWLY ALLOCATED 
STRUCTURE IS lErT ON Nss. 

SHORTEN CNAMEl 

THE SHORTEN OPERATOR FETCH[S THE NAMED DESCRIPTOR. SHORTEN 
EXECUTES THE rIRST TERM or THE STRUCTURE EXPRESSION THAT IS NOT 
SEGMENT NUMBER OR FIELD, AND REPLACES THAT TERM WITH THE OERIV£0 
FIELD EXPRESSION, CONSECUTIVE FIELD ~XPRESSIONS ARE COMBINED, THE 
OPERATOR YIELDS A NEW DESCRIPTOR IN NSS, 

F'INAL COMBINE 

FINAL COMBINE 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 or THE 
STRUCTURE, THIS OPERATOR MAY BE EXPLICITLY CALLED ONLY IN 
PRIVILEGED MOOEe IN NORMAL MOOE• THIS OPERATOR IS CALLED 
IMPLICITLY EVERY TIME A LEVEL•l OR LEVEL•2 FETCH OR STORE IS MADE. 

SE T A T TR I BUTE ~; 

THE ACCESS AND INTERPRETER ATTRIBUTES IN THE DESCRIPTION IN NSS ARE 
REPLACED BY THE VALUE FROM VSS, 
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STACK OPERATORS ··--·· ----·-··· 
C>UPLICATE 

THE DUPLICATE OPERATOR DUPLICATES THE CONTENTS OF Nss. IF THE 
CONTENTS or NSS CONTAIN A HEFERENCE To VSS• THE CONTENTS OF vss ARE 
'~LSO 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 TME TOP TWO ENTRIES OF NSS. IF 
BOTH ENTRIES OF NSS CONTAIN REFERENCES TO VSS• THE TOP TWO ENTRIES 
OF VSS ARE ALSO EXCHANGED, 

~'SS TO NSS 

THIS OPERATOR MOVES THE CONTENTS or vss TO NSS, THE vss ENTRY IS 
REMOVED FROM VSS ANO ENTERED INTO NSS, 

~ISS TO VSS 

THE CONTENTS OF NSS ARE ENTERED INTO VSS ANO A RErERENCE TO THE NEW 
vss ENTRY REPLACES THE ORIGINAL IN NSS, THE NEW ENTRY rs 
CLASSIFIED AS A LOGICAL FIELD. 
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PROGRAM CONTROL OPERATORS ------- ·------ ········· 

LOOP CNAME) 

LOOP IS USED TO BEGIN A PROGRAM LOOP, THE OPERATOR ASSUMES A 
CONTROL VARIABLE EXISTS IN VSS PRIOR TO EXECUTION OF THE LOOP 
OPERATOR• THE OPERATOR CAUSES A SUBROUTINE CALL ON THE NAMfO 
SUBPROGRAM, THE TOP OF P IS DUPLICATED PRIOR TO THE ACTUAL 
EXECUTION ur THE SUBPROGRAM, 

LOOP TEST 

LOOP TEST TESTS THE VAL~E OF THE VARIABLE IN VSS, 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 IS GREATER THAN 
OR EQUAL TO ZER01 P IS DUPLICATED ANO EXECUTION RESUMED FROM THE 
START or THE LOOP ROUTINE, 

BRANCH •• BRANCH CONDITIONAL 

BRANCH CAUSES A CHANGE IN PROGRAM CONTROL* 

IiF" T'HE oESCRI'P1"ION AT THE TOP or N D[SCRIHES OATA1 THE DATA IS usro 
AS A pARAMETER TO SEQUENCE THE CURRENT PROGRAM VECTOR TO YIELD A 
NEW P SETTING, THE DATA MUST BE ~INARY SIGNED INTEGER. NORMAL 
BOUNDS CHECKING IS PERFORMED, 

IF THE DESCRIPTION AT THE TOP O~ N DESCRIBES PROGRAM• THAT 
DESCRIPTION REPLACES THE CURRENT PROGRAM CONTAINER DESCRIPTION, 

IF THE DESCRIPTION AT THE TOP OF N OESCRIBES ANOTHER DESCRIPTION, 
THIS NEW DESCRIPTION IS EVALUATED. 

WHEN BRANCH CONDITIONAL IS USED, THE BOOLEAN AT THE TOP or v IS 
TESTED. Ir IT IS rALSE. THE ABOVE ACTION ts PERFORMED ArTER THE 
BOOLEAN ANO JTS RErERENCE HAVE BEEN DELETED FROM v ANO N. Ir THE 
VALUE 15 TRUE• EXECUTION PROCEEDS NORMALLY, 
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HALT 

PROVIDES A MEANS or PROGRAMMATICALLY STOPPING A PROCESSOR PRIOR To 
THE NEXT OPERATOR FETCH, 

THIS OPERATOR IS CONTROLLED BY A SWITCH. Ir THE SWITCH IS IN THE 
"HALT" POSITION THE OPERATOR IS EXECUTED, IF THE SWITCH IS IN THE 
"CONDITJONAL HALT" POSITION THE CONT£NTS or p ARE COMPARED AGAINST 
THE CONTENTS or THE CONDITIONAL HALT REGISTER. Ir THE COMPARISON 
IS EQUAL• THE OPERATOR IS EXECUTEDJ OTHERWISE, IT IS TREATED AS A 
NO•OP, 

IF THE SWITCH IS IN "NORMAL" POSITION THE OPERATOR IS TREATED AS A 
NO•OP, 

NIO•OP 

NO•OP CAUSES P TO BE UPDATED ANO THE NEXT OPERATOR TO BE EXECUTED. 

PROCEDURE CONTROL OPERATORS 

·-------- ·------ --·----·· 

S,L I CE 

SLICE ENTERS A DISPLAY CONTROL WORD (OCW) INTO NSS ANO PERFORMS AN 
ENTER (N), A BIND OPERATION, WHICH USES THE CREATED REFERENCE AS 
THE ALLOCATED STRUCTURE ANO A VECTOR TEMPLATE CTN) AS THE 
UNALLOCATED STRUCJURE1 IS PERFORMED, THE CURRENT LL IS INCREASED 
BY ONE, THE NEW LL IS usEu AS A PARAMETER TO PERVORM AN ENTER CDl. 
THE NEW VECTOR DESCRIPTION IS STORED INTO o, THE OPERATOR THfN 
PERfORMS AN ENTER CV> ANO OELETES THE REFERENCE CREATED, 

UNSLICE 

UNSLICE USES T~E CURRENT LL TO PERFORM A REMOVECD>• ANO THE CURRENT 
LL IS DECREASED BY ONE, 

A REMOVE CN> IS PERfORMED AND THE CREATED RE,ERENCE IS DELETED, A 
REMOVE (V) IS PERfORMEO ANO THE CREATED REfERENCE IS DELETED, 
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PROCEDURE RETURN 

PROCEDURE RETURN INVOKES A RETURN FROM A PROCEDURE OR FUNCTION, 

THE RErERENCr PRODUCED BY A REMOVE (N) IS DELETED, THE REFERENCE 
PRODUCED BY A REMOVE (V) IS DELETEo, tr THE PARAMETER ATTRIBUTE Is 
TRUE• THE ENTRY IN D INDICATED BY THE CURRENT LL IS REMOVED ANO THE 
REFERENCE PRODUCED JS DELETED, 

Ir THE FUNCTION ATTRIBUTE IS TRUE• THE REMOVE D OPERATION rs 
REPEATED• ANO AN UNSLICE IS PERFORMED ON N ANO v, USING THE DCW YN 
NSS AS THE FIRST ELEMENT or A new LIST, A DISPLAY UPDATE IS 
PERF"ORMED, 

THE RErERENCE CREATED By A REMOVE ON P IS DELETED, THE NEXT 
OPERATOR WILL BE FETCHED FROM THE PROGRAM DESCRIBED BY THE NEW P 
l~NTRY, 

COROUTINE OPERATORS 
-········ ··-·····-
4:0ROUTINES ARE 
DESCRIPTIONS or 
'~CTIVE N, THE 
REFERENCED BY A 
COROUTINE, 

ESTABLISHED BY ALLOCATING D• N, V• ANO P. THE 
THESE STRUCTURES ARE RETAINED IN THE CURRENTLY 
CODE FOR THE COROUTINE REING ESTABLISHED IS 

DESCRIPTOR THAT IS ENTERED INTO THE P OF THE 

COROUTINE ACTIVATE CNAME> 

THE COROUTINE ACTIVATE OpERATOR FINDS A REFERENCE TO THE 0 or THE 
COROUTINE TO BE ACTIVATED QN THE TOP or N. THE OPERATOR ENTERS THE 
FOLLOWING RECORD INTO THE CD STACKSI 

Ae RrFERENCE TO THE CURRENT De 

Bt THE NAME PARAMETER OF THIS OPERATOR, 

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

COROUTINE CALL CNAME) 

THE COROUTINE CALL OPERATOR TRANSFERS PROGRAM ENVIRONMENT FROM ONE 
COROUTINE TO ANOTHER COROUTINE IN THE FAMILY or COROUTINES AT THIS 
LEVEL, THE TRANSFER OF PROGRAM ENVIRONMENT IS ACCOMPLISHED BY 
SAVING THE RE~ERENCES TQ THE CURRENT COROUTINE D• N1 V# ANO P IN 
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THE LOCATIONS SPECIFIED BY THE RErERENCES 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 
F'IELOS, ALLOCATION ANO PRESENCE CHECKS ARE MADE AT ACTIVATE TIME, 

c: OR OUT I NE END 

COROUTINE END REMOVES THE TOP ENTRY IN THE C STACK, THE NEW TOP IS 
USED TO RESET THE D• N1 V• ANO p Of THE PARENT TO WHICH RETURN rs 
BEING MADE, 

PROCESS CALL OPERATORS ------- ---- ··-·-----
PROCESS PARAMETER CNAME> 

PROCESS PARAMETER rETCHES THE NAM~O DESCRIPTION ANO BUILDS A 
RErERENcE BY EXECUTING THE NAMED DESCRIPTION, AN ABSOLUTE 
REFERENCE IS CALCULATED By FINAL COMRINE, THIS ABSOLUTE REFERENCE 
IS ENTERED INTO RSS, 

P1ROCESS CALL 

PROCESS CALL CREATES A SLICE IN R, MAPS A VECTOR ON THE REFERENCE, 
ANO ENTERS THE REFERENCE TO THAT SLIC~ IN RLe 

PROCESS END 

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

MISCELLANEOUS OPERATORS 

·-------·---- ····-·-·· 

LITERAL 

THE LITERAL 10PERATOR PROVIDES A MECHANISM fOR INCLUDING LITERAL 
OPERANDS IN A PROGRAM STRING, OPERAND LENGTHS MAY BE 4, a, 161 ANO 
32 BITS• THE OPERAND MAY BE PLACED IN EITHER NSS OR VSS DEPENDING 
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UPON THE TRANSFER TYPE SPECIFIED IN THE LITERAL OPERATOR, tr THE 
VALUE JS PLACED IN VSS THEN THE REFERENCE CONSTRUCTED IN NSS WILL 
HAVE THE rOLLOWING PROPERTIES• 

A, ALL ACCESS ATTRIBUTES Orf, 

8 1 STRUCTURE EXPRESSION SET TO FIELD WITH APPROPRIATE LENGTH, 

c. INTERPRETER ATTRIBUTE IS SET TO DATA, THE FORMAT SELECTOR or 
THE oATA IS SET FROM TH[ PREFIX or 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 or THE UNIT). THE 
POSITION WITMIN TME INTERRUPT REGISTER IN THE SIGNALED DEVICE IS 
DETERMINED BV THE CHANNEL ASSIGNED TO THE DEVICE EXECUTING THE 
INTERRUPT OPE~ATOR, 

TEST INTERRUPT CNAME> 

THIS OPERATOR TESTS THE INTERRUPT REGISTER, Ir THERE WAS AN 
INTERRUPT SET1 THE BIT IS CLEAREO• THE RELATIVE BIT NUMBER IS 
ENTERED INTO VSS1 ANO A REFERENCE TO IT IS ENTERED INTO VSS, THE 
NAME PASSED AS A PARAMETER WITH THIS OPERATOR IS TNE NAME OF THE 
lNTERRUpT•HANOLING SUBROUTlNEo THIS SUBROUTINE IS NOW ENTERED• IF 
THERE wERE ND INTERRUPTS SET- THE NEXT OPERATOR ts EXECUTED. THIS 
0 PER A T 0 R MA Y ·~ E EXE C UTE 0 I N I MP M 0 OE 0 NL Y , 

GET V SPACE 

THIS OPERATO~ IS USED TO ALLOCATE SPACE IN V ANO TO CREATE A 
REFERENCE IN Ne THE OPERATOR USES THE DESCRIPTION OF AN 
UNALLOCATED rIELD (NO AOOR~SS BUT WITH LENGTH ANO FORMAT> IN NSS 
AND PERFORMS ~N ENTER IN V OF THAT LENGTH, THE COMPLETED REFERENCE 
IS LEF'T IN NSS, 

IMP CALL 

IMP CALL IS A MEANS BY WHICH A PROCF.SS EXECUTES PROCESSOR CONTROL 
FUNCTIONS, IMP MAY BE ENTERED PROGRAMMATICALLY av IMP CALL OR 
AUTOMATICALLY BY rAULT, THE PROGRAMMATIC IMP CALL SETS THE PROGRAM 
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FAULT erT, THE PROCESS ENyIRONMENT CURRENTLY HELO IN THE PROCESSOR 
IS SAVED IN THE PROCESS SpAC£ 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 NUMB[R or THE ,AULT OR INTERRUPT 
BIT THAT CAUSED THE IMP CALL IS ENTER(O 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 lMp CALL, THE IMP MOOE rLIP•FLOP IS RESET, 
THIS OPERATOR IS PRIVILEGED, 

STUFF ENVIRONMENT 

A POINTER lO THE CURRENT OCW ON NS IS STORED IN THE LEXIc LINK 
PORTION OF JHE PROGRAM DESCRIPTOR ON Nss. Ir NSS DOES NOT CONTAIN 
A PROGRAM DESCRIPTOR NO ACTION TAKES PLACE, 

SEQUENCE (NAME> 

THE CURR£NT ELEMENT POINTER1 P• ANO F>RIOR ELEMENT POINTER1 Q, IN 
THE STATE WORD or THE FIRST LIST STRUCTURE INSTRUCTION ARE ADVANCED 
TOWARD THE 1'AIL or TME LlsT BY SETTING Q TO p AND p TO THE LINK or 
THE ELEMENT POINTED TO BY P, If P IS UNDErINEO A SEQUENCE FAULT 
OCCURS, 

RESET CNAME> 

IN THE STATE WORD OF THE rIRST LIST INSTRUCTION OF THE NAMED 
DESCRIPTION• THE CURRENT ELEMENT POINTER• p, IS SET TO THE HEAD 
POINTER• A1 AND THE PRIOR ELEMENT POINTER1 Q, IS SET TO UNDEFINED, 
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ARITHMETIC OPE~ATORS 

·----·---· ---~-----
THESE OPERATORS ARE DEFINED IN DETAIL IN SECTION 3 (AU)a 

TRANSF'ORM CHARACTf:R COMPARE •• GTR 

ADO CHARACTER COMPARE 
-- LSS 

SUBTRACT TEST -· EQL 

MULTIPLY TEST -- NEQ 

MULTIPLY ADD TEST -- GEQ 

DIVIDE F'OR INTE1GER TEST -· LEQ 

DIVIDE FOR REMAINDER TEST •• GTR 

DIVIDE FOR REAL TEST ... LSS 

ANO CHARACTIER MOVE 

OR ABSOLUTE 

NOT NEGATE 

XOR SCALE 

REDUCTION ~ND COMPARE -- EQL 

REDUCTION OR COMPARE -- NEQ 

REDUCTION XOR COMPARE ... GEQ 

CHARACTER COMPARE •• EQL COMPARE -- LEQ 

CHARACTER COMPARE -- NEQ COMPARE -- GTR 

CHARACTER COMPARE ... GEQ COMPARE ... LSS 

CHARACTER COMPARE •• LEQ 
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SECTION 3 

ARITHMETIC UNIT 

INTRODUCTION 

··--·---·--· 
THE ARITHMETIC UNIT CAU> PROVIDES THE CPU WITH THE CAPABILITY OF 
PERFORMING ARITHMETIC• CHARACTER, ANO LOGICAL OPERATIONS ON DATA 
WITH TH£SE VARIABLE CHARACTERISTICSI 

A, OPERAND LENGTHSI 

1, THE AU ACCEPTS OPERANDS WITH LENGTHS FROM 0 TO 256 BITS, 

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

81 OPERAND FORMATSa 

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

2 1 AU OPERATIONS WITH MULTIPLE INPUTS ACCEPT OPERANDS WITH 
DIFFERENT FORMATS. WITH A LIMITED NUMBER or EXCEPTIONS, 

C, OPERATION VARIANTSI 

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

2, TWO VARIANT BITS DETERMINE TME MOOE 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 or THE vss. 
THE LENGTHS AND ~ORMATS OF THESE OPERANDS ARE SPECIFIED BY THE 
DESCRIPTIONS IN THE CORRESpONDING SPACES OF THE Nss. THE OPERATORS 
ARE SUPPLIED BY THE INTERPRETER• AND THE OPERATION VARIANTS ARE 
DETERMINED BY A FOUR•BIT OpERATION VA~IANT REGISTER, 

I 

THE POTENTIALLY COMPLEX ASPECTS or DATA REPRESENTATION, INCLUDING 
VARIABLE LENGTHS• VARIABLE FORMATS, EXTREME LENGTH1 INTERLEAVED 
NUMERIC ANO NONNUMERIC DATA CIN NUMERIC CHARACTER STRINGS), ETC,, 
REQUIRE THE AU TO BE CAPABLE or EXTENSIVE PROC(SSING or DATA ANO 
DATA DESCRIPTIONS, THIS PROCESSING l~ DONE IN AU REGISTERS, THU51 
NO EXTRA PROCESSING CAPABILITY IS REQUIRED IN THE VALUE STACK AND 
NAME STACK EXCEPT TO STORE RESULTS, 

NUMBER REPRES£NTATlON BACKGROUND ...... ····------··-- -------·--
THERE tS A SlGNirICANT REQUIREMENT roR INTEGER ARITHMETIC. A 
DISTINCT INTEGER fORMAT IS RECOGNIZfO (AS OPPOSED TO REPRESENTING 
INTEGERS IN A FLOATING•POINT roRMAT> IN ORDER TO SAVE STORAGE SPACE 
ANO IMPROVE OPERATION EXECUTION TIME, THIS INTEGER FORMAT REQUIRFS 
THAT THERE er NO EXPONENT AND THAT TME RADIX POINT BE AT THE RIGHT 
OF' THE DATA, 

THE INTEGER ~ORMAT IS EXT~NDED TO A FIXED•POINT FORMAT WITH THE 
POSITION OF THE POINT SPECIFIED BY THE FORMAT, THIS IS DONE BY A 
LENGTH VALUE CALLEO THE BIAS• wHlCH CAN BE DESCRtBED AS A CONSTANT 
EXPONENT, WHEN THE BIAS EQUALS ZERO• THEN THE rIXEO•POINT NUMBER 
IS AN INTEGER, THE PURPOSE or A rixED•POINT rORMAT IS TO ALLOW A 
REAL NUMBER TO BE REPRESENTED WITHOUT rLOATING THE NUMBER• ANO 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 FLOATEo, AND roR THESE A FLOATING•POINT 
FORMAT EXISTS, THE RADIX POINT IS AT THE LEFT OF THE MANTISSA• AND 
THUS THE EFrlctENCY or fLOATING•POINT OPERATIONS IS IMPROVED. 

BECAUSE F'LOAT[NG•POINT NUMBERS INCLUDE TWO VARIARLES, THE EXPONENT 
ANO THE MANTISSA• THERE ARE ALWAYS SEVERAL POSSIBLE REPRESENTATIONS 
FOR THE SAME NUMBER. IN AoOITION• THE SIGNirICANC[ or THE MANTISSA 
CAN BE QUESTIONED AND MAY BE DIFFICULT TO oErINE. THUS• THE Au 
FOLLOWS THESE l?RlNCIPLES IN OPERATING ON FLOATING•POINT NUMBERS1 
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A, ALL NUMBERS WILL BE TREATED AS Ir THEY ARE EXACT, 

e, WITHIN THE LIMIT or A PREDETERMINED OUTPUT LENGTH, ALL 
POSSIBLE SIGNIFICANCE IS SAVED, 

Ce WHENEV[R TRUNCATION OCCURS, THE OPERATION VARIANT RULES ARE 
F'OLLOWED, 

BINARY ANO DECIMAL NUMBERS ARE BOTH IN COMMON USAGE• BUT OTHER 
ARITHMETIC UNITS GENERALLY HANDLE ONLY ONE TYPE, THE 88500 AU 
ACCEPTS EITHER BINARY NUMBERS OR DECIMAL NUMBERS CIN PACKED 4•BIT 
BCD FORMAT> AND APPLIES THE SAME SET OF OPERATORS ANO VARIANTS TO 
BOTH TYPES, 

rixED•POINT NUMBERS MAY BE REPRESENTED IN 8•BtT ASCII OR EBCDIC 
CHARACTER FORMAT BECAUSE THESE ARE StGNIPICANT CASES, FIXEO•POINT 
NUMBERS REPRESENTED IN SUCH AN UNPACKED FORMAT GIVE THE SAME 
RESULTS AS Ir THEY ARE REPHESENTEO 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> ., ..... ---- ------ ·-·-· 
At BINARY, 

e. DECIMAL (PACKED BCD>, 

c, ASCII, 

o, EBCDIC, 

E, OCTAL, 

SIGN TYPE CONE BIT> ---- .... -··· ----
A, UNSIGNED, 

e, SIGNED, 
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EXPONENT TYPE CONE BIT> 
•••••••••••••••••••• 

At f'IXED POINT, 

81 F'LOATING POINT <ILLEGAL IF ASCII OR EBCDIC), 

EXPONENT LENGTH <,IVE BITS> -·-····· ...... ----- -----
MAXIMUM LENGTH or BINARY EXPONENTS IS 30J MAXIMUM LENGTH or 
DECIMAL EXPONENTS IS 24. 

BIAS <NINE BITS> ......... ·--·· 

OPERATION VARIANTS 

OUTPUT LENGTH MOOE (ONE ~IT> ...... ····-· ---· .... ----
A, FIXED LENGTH1 THE OUTPUT LENGTH IS EQUAL TO THE LENGTH OF THE 
INPUT WHOSE FORMAT IS SELECTED TO BE THE OUTPUT FORMAT, 

Bt VARIABLE L£NGTH1 THE AU DERIVES THE NATURAL LENGTH Of THE 
OUTPUT• WHICH JS USUALLY THE MINIMUM REQUIRED TO SAVE THE 
COMPLETE RtSULT 0, THE OPERATION, 

TRUNCATION MODE CTWO BITS> 
---------- .... .... . .... 
A, NOT ROUNOE01 MAGNITUDE TRUNCATIONB TRUNCATE TOWARDS ZERO. 

Be NOT ROUNDED- ALGEBRAIC TRUNCATIONt TRUNCATE POSITIVE NUMBERS 
TOWARD ZERO• NEGATIVE NUMBERS AWAY rROM ZERO, 

Ct RQUNDE01 MAGNITUDE TRUNCATIONa ROUND AWAY ,ROM ZERO, 

Dt ROUNDED• ALGEBRAIC TRUNCATlONt ROUND POS?TIVE NUMBERS AWAY 
FROM ZERO• ROUND NEGATIVE NUMBERS TOWARD ZERO, 
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NORMALIZATION MOOE (ONE BIT> 

------------- ·--- ---- ----
A, UNCONDITIONAL NORMALIZATIONI ALL FLOATING POINT RESULTS ARE 
NORMALIZED, INDEPENDENT or THE lNPUTCS) ANO THE OPERATOR. 

e. cONOITIONAL NORMALlZATlONI ALL POSSIBLE SIGNIFICANCE Ts 
SAVED, BUT NUMBERS ARE NOT NORMALIZro Ir THERE IS NO SIGNIFICANCE 
TO BE SAV£O, THE RESULT OF MULTIPLY IS NORMALIZED UNLESS BOTH 
INPUTS HAO ZERO EXPONENTS AND THE OUTPUT CAN HAVE A ZERO EXPONENT 
WITHOUT CAUSING A MANTISSA OVERrLOW, 

CIPERATORS 

---------

ARITHMETIC OPERATORS 

A, INPUT FORMAT& NUMERICAL OPERANDS WITH VALID FORMATS ANO WITH 
LENGTHS NOT EXCEEDING 256 BITS, DIFFERENCE~ 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 TO AN EXPLICIT TRANSFORM 
OPERATOR, Ir THE NUMBER BEING TRANSFORMED IS NOT AN INTEGER ANO 
THE TRANSFORMATION IS BETWEEN BINARY ANO DECIMAL• THEN A FAULT 
RESULTS ANO THE INPUTS AHE SAVED WITHOUT CHANGE, 

Be NUMERICAL COMPARES B OPPOSED TO A HAS THE SAME RESULT AS B 
MINUS A OPPOSED TO o, ANO THE POSSIBLITIES or FAULTING ARE THE 
SAME AS IN SUBTRACTION, THE R£SULT lS A SlNGLE~eIT1 LOGICAL 
OPERAND WHICH SIGNIFIES A TRUE TEST IF IT IS ONE, THE REFERENCE 
TO THE RESULT ESTABLISHES ITS LENGTH ANO rORMAT, THE FORMAT Is 
DETERMINED l~Y THE ARITHMETIC UNIT AV CONVENTION# THAT JS, THE AU 
ASSUMES THAT FORMAT #1 IS ALWAYS LOGICAL, IF SOME OTHER FORMAT 
IS SPECIFIED ON FORMAT #1 THE RESULTS ARE UNOEFtNEO, 

1. GREAT£!~ THAN& B > At 

2, GREAT£ I~ TMAN OR EQUALt B ~ A•• 

3, EQUAL I B • A, 

4, LESS TlofAN OR EQUAL a B ~; A, 

s. L-ESS Tl~AN I B < A, 

6, UNEQUAi.i 
B - A• 
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C, TRANSFORMI THE REPRESENTATION OF A IS CHANGED TO FIT THE 
FORMAT ANO LENGTH SPECIFIED BY TME OUTPUT DESCRIPTION GIVEN IN 
THE NSSt ANY COMBINATION or A LEGAL INPUT NUMERICAL DESCRIPTION 
AND A LtGAL OUTPUT NUMERICAL DESCRIPTION IS A LEGAL INPUT TO 
TRANSrORM, UNLESS THE TRANSFORMATXON INCLUDES A CHANGE BETWEEN 
BINARY AND DECIMAL ANU THE INPUT IS NOT AN INTEGER, IN THE 
LATTER CASE• AN ILLEGAL TRANSFORMATION FAULT OCCURS, 

De OTHER ARITHMETIC OpERATORSa TME RESULT IS A NUMBER WITH THE 
SAME FORMAT AS ONE OF THE INPUTS, IF THE INPUTS HAVE DIFFERENT 
FORMATS• THE MORE GENERAL IS CHOSEN AS THE OUTPUT FORMAT, THE 
OUTPUT LENGTH JS DETERMINED BY THE AU IN AGREEMENT WITH THE 
OUTPUT LENGTH MODE err. IF A FAULT OTHER THAN ILLEGAL FORMAT OR 
ILLEGAL TRANSFORMATION OCCURS• THEN THE INPUTS ARE LOST AND AN 
UNDEFINED OUTPUT IS DEVELOPED, 

1 • ADDI 8 + A, 

2, SUBl'RACTU B • A, 

3, MULl'lPLYll B x A, 

4, DIVIDE FCIR INTEGER QUOTIENT I El/A, 

5, DIVIDE FCJR REMAINDER I MOO B/A 1 

6, DIVIDE rCIR REAL QUOTIENT I BIA. 

1. NEGATE a •• A • 
9, INTEGERJZE (ZERO THE EXPONENT ANO ADJUST THE MANTISSA 
ACCORDINGLY>, 

CHARACTER OPERATORS 

A, INPUT FORMAT1 EIGHT•RIT ASCII OR EBCDIC CHARACTER STRINGS, 
WITH NO LIMIT AS TO LENGTH, 

e. EXPANSION• Ir AN INPUT IS EXTENDED• IT ts noNE BY ADDING TME 
APPROPRIATE BLANK CHARACTERS AT THE RIGHT ENO or THE STRING. 

Ct CHARACTER COMPAREI TWO ASCII OR TWO EBCDIC CHARACTER STRINGS 
ARE COMPARED• THE SHORTER BEING EXPANDED TO EQUAL THE LONGER, 
THE COMPARISON TREATS THE STRINGS AS UNSIGNED INTEGERS, THE 
RESULT 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 EQuALt B ~ A" 

3, EQUAL I B s A, 

4, LESS T1'°'AN OR EQUAL1 B ~; A• 

5, LESS T l~AN I 

6, UNEQUAi~ I 

0 1 CHARACTER 
THE CHARACTl~R 
STORA GE• T11E 
BLANK, 

B 

B < A, 

~ A, 

MOVE& THE AU EXPANDS OR TRUNCATES CON THE RIGHT) 
STRING TO FIT IT~ DESTINATION SPACE IN LEVEL•t 
EXPANSION CHARACTER USED IS THE ASCII OR EBCDIC 

A, FORMAT1 lNPUT(S) AND OUTPUT ~UST BE LOGICAL OPERANDS, WITH 
LENGTHS NOT EXCEEDING 256 BITS. 

e. REDUCTION LOGICAL OPERATORS• THE rOLLOWING LOGICAL OPERATIONS 
COMBINE ALL THE BITS or THE INPUT INTO A SINGLE-BIT RESULT. 

1, REDUCTION ANO, 

2, REDUCTION INCLUSIVE OR, 

3, REDUCTION E~CLUSIVE OR, 

c, OTHER LOGICAL OPERATORSa Ir 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 LENGJH IS THAT OF THE LONGER INPUT, THE fOLLOWlNG ARE 
LOGICAL OPERATORSI 

1, NOT, 

2, AND, 

3, INCLUSIVE QR, 

4, EXCLUSIVE OR, 
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UNIVERSAL 

A, ALL NUMS[RS ARE TRUE MAGNITUDES, SIGNED OR UNSIGNED• 

Be OPERAND SIGN POSITIONI 

3• 8 

1, BINA~y, OCTAL, OR PACKED OECIMALI MOST SIGNIFICANT DIGIT 

c. 

POSITION OF OPERAND, 

2, ASCI[ OR EBCDIC a HIGH•ORDER rouR BITS or THE MOST 
SIGNIF"ICAtU CHARACTER, 

SIGN COl)EI 

1. BI NAR'f I 

A, 0 • POSI'TIVE, 

a. 1 • NEGA'TIVE, 

2, DECIM'~LI 

A, 11 oc~ • P()SITIVEe 

8, 110 !. • Nt:GATIVE, 

3, A SC II I 

A, 1011 • POSITIVE, 

e, 1101 • NE:GATIVE, 

4, EBCDIC 

A, 1100 • PCJSITIVE, 

e, 1101 • NEGATIVE, 

5, UNDEF'JNED INPUT SIGN CODES I If' NOT THE DEFINED NEGATIVE 
CODE• THEN THE SIGN IS DECODED AS POSITIVE, 
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rLOAT I NG•PO I ·~T 

At RADIX POINT IS AT THE LEFT END or THE MANTISSA 

B 1 EXPONEl~T, 

1, EXPONENT IS AN INTEGER LOCATED BETWEEN TH£ OPERAND SIGN ANO 
THE MAN T :[ S 5 A t 

2. EXPONENT IS SIGNED Ir AND ONLY Ir THE FORMAT SIGN TYPE 
INDICATES "SIGNED", 

Ce BIAS, 

1, BIAS IS A SIGNEO•MAGNITUDE INTEGER TO BE ADDED TO THE 
OPERAND tXPONENT TO OE~IYE THE ACTUAL EXPONENT, 

2, BIAS MAGNITUDE HAS THE SAME rnRMAT AND BASE AS THE EXPONENT, 

3, BIAS SIGN IS A SINGLE BITI 0 • POSITIVE AND 1 • NEGATIVE 

O, BINARY rLOATING•POINT, 

1, EXPONENT ANO MANTISSA ARE BINARY, 

2, RAOU IS TWO, 

E, OCTAL FLOATING•POINT, 

1, EXPON£NT ANO MANTISSA RRE BI NAR~', 

2, RADIX IS E:IGHT, 

r. DECIMAL. rLOATING•POINT, 

1 • EXPONENT ANO t.tANTISSA ARE OECIMAL.1 

2t RADIX IS TEN, 

Gt MANTISSA IS ALWAYS SIGN£0, 

The proprietary info1:-mation 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. 



3• 10 

r:1xED•POINT 

At RADIX POJNT IS AT THE RlijHT ENO or THE MANTISSA. 

Be BIAS IS A SIGNED•MAGNITUOE BINARY•LENGTH FORMAT• THE VALUE OF 
WHICH IS EQUAL TO THE NUMBER OF NUMERIC BITS OVER WHICH THE RAOYX 
POINT IS SHIFTED CNEGATivE I SHIFT LErTJ POSITIVE I SHIFT RIGHT), 

CHARACTERS 

A, NUMERIC CODE roR HlGH•OROER FOUR BITS, 

1, ASCII s 0101, 

2, EBCDIC I 1111, 

e, BLANK CHARACTER, 

1 1 ASCII I 0010 0000, 

2, EBCDIC 1 0100 0000, 
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STANDARD CHARACTER REPRESENTATION ··--·-·· ·····-··· ········--···· 
STANDARD REPRESENTATION or CHARACTER OATA IN THE SYSTEM INCLUDES 4• 
BIT PACKED INTEGERS AND 8•BIT UNPACKED '~SCII OR £BCDIC CHARACTERS. 
IN THE PACKED rORMAT DATA IS INTERPRETED IN UNITS or FOUR BITS, 

THE INTERNAL CODE IN 4•BIT 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 7 

1000 8 

1001 9 

1010 UNDEFINED 

1011 UNDEFINED 

1100 UNDEF'INED 

1101 UNOEF'INED 

1110 UNDEf'INED 

1111 UNOEF'INED 

IN 8•BIT FORM1 DATA IS INTERPRET~D IN UNITS OF EIGHT BITS, 
ST AN 0 ARD _ 8 • BI ·r C 0 DE I N TE.RP RE TAT I Q NS I NC LU 0 E EB C D I C AND AN 8 • B I T 
EXTENSION OF ASCII, WHEN A SIGN IS SPECIFIED1 IT IS INTERPRETED AS 
THE HIGH•OROER FOUR BITS or THE MOST SIGNIFICANT CHARACTER, 
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TRANSFORMATIONS INVOLVING NUMERIC CHARACTER DATA 
----··--····-·· •.•...... ------· -·------· ---· 
IN ALL CASE~ INVOLVING TRANSFORMATIONS OF CHARACTER FIELDS, 
ROUNDING ARITHMETIC MAY BE IMPOSED, THIS ROUNDING IS APPLIED TO 
THE INPUT F1ELO PRIOR TO THE ACTUAL COMPLETION OF THE DATA MOVE, 
BUT THE ErrtcTS or THE ROUNDING ARITHMETIC ARE CONSIDERED IN 
DETERMINING OVERFLOW, 

IN ALL CASES WHERE SCALE CBIAS> IS SPECIFIED FOR THE RESPECTIVE 
FIELDS IN A TRAN5FORMATION1 THE INPUT SCALE tS ADJUSTED TO THE 
RESULT SCALE WHILE THE INDICATED TRAN~fORMATION IS BEING PERFORMED, 

WHEN 4•BIT TO 8•BIT TRANSFORMATION XS INDICATED1 THE MOST 
SIGNIFICANT rouR BITS Or THE RECEIVING FIELD ARE SET TO THE CODE 
WHICH INDICATES THE NUMERIC SUBSET OF THE SELECTED 8•BIT coo~. 
THIS CODE IS 1111 IN THE CASE or £BCOIC AND 0101 IN THE CASE or 
ASCII, WHEN SIGNED DATA IS INDICATED f0R THE RESULT, THE HIGH• 
ORDER rOUR Bl'.TS or THE MOST SIGNlFICANT CHARACTER IN THE FIELD ARE 
SET TO THE APPROPRIATE CODE AS DESCRlqEo ABOVE. 

LEADING OR TRAILING ZERO CHAR~CTERS ARE SUPPLIED TO FILL THE RESULT 
FIELD AFTER THE APPROPRIATE SCALE ADJUST~ENT1 IF ANy, HAS BE£N 
ACCOMPLISHED, IF NONZERO LEADING CHARACTERS WOULD BE TRUNCATED AS 
A RESULT OF THE TRANSFORMATION1 THE OVERFLOW FAULT IS SET, 

WHEN 8•BIT VO 4•BIT TRANSFORMATION IS INDICATED ANO THE RECEIVING 
FIELD SPECIFIES SIGNED DATA, THE APPROPRIATE SIGN CODE IS GENERATED 
AS DEScRIBEO ABOvE. NORMAL SCALE AND/OR ROUNDING ARITHMETIC Is 
APPLIED, 

WHEN 4•BIT TO 4•BIT TRANsroRMATION IS INDICATE01 THE FIELDS ARE 
TREATED AS SIGNEO OR UNSIGNED INTEGER FIELDS, IF THE INPUT FIELD 
IS SHORTER THAN THE RESULT FIELD AFTER SCALE ADJUSTMENT• LEADING 
ZERO CHARACT(RS ARE SUPPLIED TO ~AKE THE SIZE or 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 rAULT IS SET, 

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, Pennsylvania, 



4• 1 
1761•2045 

srcTION 4 

PROCESSES 

PROCESS HIERARCHY 
••••••• •••o••••• 

IN THIS SECTION THE TEHM "PROCESS" IS USED TO OESCRIRE THE 
ASSOCIATION or A PROCESSOR ANn AN ADDRESS SPACE. THE ADDRESS SPACE 
IS THE SET or ALL STORAGE THAT IS ACCESSIBLE BY THE PROCESS. A 
PROCESS IS AN EXECUTION OF SOME PROGRAM CODE BY A PROCESSOR, THE 
WORK SPACE or THE PROCESS INCLUDES ALL. INrORMATION PRIVATE TO THIS 
EXECUTION, IN THIS SENSE A PROCESS IS A DYNAMIC ENTITY, THE 
OBJECT OF THE PROCESS IS THE CHANGE or STATE OCCURRING WITHIN ITS 
ADDRESS SPACE, 

THE MOST ELEMENTARY PROCESS IS A SERIAL EXECUTION or OPERATORS BY A 
SINGLE PROCESSOR. A PROCESS HIERARCHY IS ESTABLISHED BY 
PARTITIONING A PROcrss INTO SUBPROCESSES. A SUBPROCESS IS A 
PROCESS WHOSE ADDRESS SpACE IS PROPERLY INCLUDED IN THE ADDRESS 
SPACE or ITS IMMEDIATE PARENT PROCESS. MULTIPROCESSING ANO 
PARALLELISM or EXECUTIONS ARE ATTAINED IN THE 88500 BY SUBDIVIDING 
A PROCESS INTO SUBPROCESSES. THE PARENT OP EVERY PROCESS IN THE 
SYSTEM IS CALLEO THE GLO~AL PROCESS. ITS WORK SPACE INCLUDES ALL 
AVAILABLE STORAGE SPACE IN THE SYSTEM• AND IT ts THE ANCESTOR nr 
ALL PROCESSES, 

BOOTSTRAPPING THE SYSTEM l[S ACCOMPLISHED BY INITIALIZING THE 
ADDRESS SPACE OF THE GLOBAL PROCESS AND ESTABLISHING EXECUTION OF 
THE PROCESS BY ASSOCIATING A GIVEN PROCESSOR WITH THIS S~ACE 
<STARTING EXECUTION AT SOME PREOETlRMJNED POINT), 

IN THE FOLi.OWING DISCUSSION1 THE TERM "PROCESSft IS USED TO DENOTE 
AN ELEMENTARY PROCESS, THE TERM "COMPOUND PROCESS" OR "PROCESS 
SUBTREE• IS USED TO DENOTE A SET or SUBPROCESSES OR THE TREE 
STRUCTURE or PROCESSES, 
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WORK SPACE ., ... ··-·· 
THE ADDRESS SPACE or A PROCESS MAY EXTEND OVER THREE LEVELS Of 
STORAGE1 LEVEL•l• LEVEL•21 ANO LEVEL•l, REFERENCES TO THE WORK 
SPACE OF A PROCESS ARE RELATIVE TO THE DErINITIONS Of THE 
PHYSICALLY ALLOCATED WORK SPACE AND ARE BOUND ON ACCESS BY THE 
flNAL COMBINE OPERATION. EACH PROCESSOR• WHEN ASSOCIATED WITH 
SUBPROCESS WORK SPACES• STACKS THr DEFINITION or THE NEW WORK 
SPACES IN ITS PROCESSOR RESOURCE STRUCTURE, 

THE INDIVIDUAL PROCESS RESOURCE: STRUCTURE PERMITS EACH PROCESSOR TO 
KEEP TRACK or ITS PATH INTO THE TRE£ OF PROCESSES rROM THE GLOBAL 
PROCESS SPACE TO THE PROCESS SPACE WITH wHICH IT IS CURRENTLY 
ASSOCIATED, 

PROCESS RESOURCE STRUCTURE ·------ ···---~- --------· 
THE PROCESS RESOURCE STRUCTURE IS THE MECHANISM USED TO PASS ALL 
RESOURCES BETWEEN PROCESSES OF THE PROCESS TREE, THE RESOURCE 
STRUCTURE IS AN INTEGRAL PAHT OF T~E RESOURCE PROTECTION SCHEME, 
THERE IS A RESOURCE STRUCTURE roR £ACM 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 ROOTWARO RESOURCES ARE REMOVED FROM THE STRUCTURE, 
IN THIS WAY THE RESOURCE STRUCTU~ECS) CONTAIN ALL DYNAMICALLY 
ALLOCATED RESOURCES ALONG THE PATH FOLLOWED BY THE PROCESSORCS) 
THROUGH THE PROCESS TREE, THE RESOURCE STRUCTURES ARE TOTALLY 
ALLOCATED OUTSIDE or THE PROCESS TREE ANO THEREFORE ARE NOT 
ACCESSABLE BY THE PROCESSES, IMP IS THE ONLY PROCESS WHICH MAY 
DIRECTLY ACCESS ENTRIES IN THE RESOURCE STRUCTURE. 

THE RESOURCE STRUCTURE CONSISTS OF A SUBSTRUCTURE CALLED R WHICH 
CONSISTS OF ~ PUSHDOWN MAPPED ONTO A STACK, THE ENTRIES IN THE 
STACK oESCRIBE THE INDIVIDUAL RESOURCES WHICH HAVE BEEN ALLOCATED, 
THE ENTRIES JN THE PUSHDOWN REPRESENT THE PARTITIONING or THESE 
RESOURCES BY PROCESS, A GIVEN PROCESS MAY PASS RESOURCES TO A 
SUBPROCESS BY EXECUTING THE PROCESS PARAMETER OPERATOR. THESE 
RESOURCES ARE PLAC[D ON Top or THE RESOURCE STACK CRSS>, WHEN THE 
SUBPROCESS IS ENTERED (PROCESS CALL> THE COLLECTION OF RESOURCES ON 
TOP OF R ARE SOUND TOGETHER BY MAKING AN ENTRY IN THE PUSHDOWN, A 
REFERENCE TO THE BOUND RESOURCES IS PLACED IN A DISPLAY STRUCTURE 
CALLED RR, THIS RErERENCE IS A VECTOR DESCRIPTION WHICH ALLOWS 
ACCESSING or THE BOUND SEGMENT CONTAINER DESCRIPTIONS BY INDEX CSEG. 
CONTAINER_ NUMBER>, 
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ALL RESOURCES PLACED IN THE RESOURCE STRUCTURE ARE FINAL COMBINED 
PRIOR TO ENTRY INTO THE STRUCTURF• AMO THEREFORE• REPRESENT 
ABSOLUTE RESOURCES. THE SELECTION or THE PROPER RESOURCE CONTAINER 
FROM THE RESOURCE STRUCTURE IS ACCOMPLISHED BY USING THE SEGMENT 
NUMBER WHICH IS PART OF EVERY TERMINAL DESCRIPTION. 

IT SHOULD BE NOTED THAT THE ONLY ~ES~URCES ACCESSABLE RY A PROCESS 
ARE THOSE WHICH ARE CURRENTLY ON TOP or THE RESOURCE STRUCTURE 
PUSHDOWN• I.E,- IN RS, 

A TYPICAL ENTRY IN THE RESOURCE STRUCTURE CONSISTS OFI 

A, STORAGE LEVEL. 

B. READ FAULlt 

c:. WRITE FAULT, 

O, SUBSTORAGE LEVEL, 

E, ARSOLUTE FIELD DESCRIPTION, 

STORAGE LEVEL AND SUBSTORAGE LEVEL OErINE THE KIND OF RESOURCE, 

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

WRXTE FAULT ALLOWS A PARENT TO GAIN CONTROL IF THf PROCESS ATTEMPTS 
TO WRITE INTO T~E ASSOCIATED RESOUHCE, 

THE FIELD DESCRIPTION DEFINES THE RESOURCE, 
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f>ROTECTION ·····------
PROTECTION or A PROCESS AGAINST A FAULTY SUBPROCESS MAY BE OBTAINED 
BY THE ESTABLISHMENT OF PROTECTION AT T~E TIME THE PROcrss IS 
CREATED, THE PROTECTION IS ACCOMPLISHED WITH THE !~POSITION BY THE 
PARENT PROCESS OF' AN AOEQUATE 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 ANO RESOURCES GIVEN TO THE SUBPROCESS, SHOULD A 
PROCESS ATTEMPT TO MAKE AN ACCESS OUTSIDE ITS RESOURCES' A FAULT 
WILL RESULT. PROTECTION IS ACHIEVE~ THROUGH THr USE or THE FINAL 
COMBINE OPERATION, 

IN LEVEL•l ANO LEVEL•21 FINAL COMBIN~ OPERATES AS DESCR1BED IN THE 
SECTION 2 OPERATOR DESCRIPTIONS, IN LEVEL•3 THE FINAL COMBINE 
OPERATION IS IMPLEMENTED USING LEVEL•3 DEFINITIONS IN THE RESOURCE 
STRUCTURE. A WORK SPACE IN LEVE~·l IS A LIST or INTEGERS USED As 
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 or LEVEL•] IS TO THE 
DEVICES, 

FAULTS ANO INTERRUPTS ---··· --- ----------
A DISTINCTION IS MADE BETWEEN PROCESS•OEPENDENT ANO PROCESS• 
INDEPENDENT INTERRUPTS, THE rORMER ARE CALLEO FAULTS1 ANO THE 
LATTER ARE CALLED INTERRUPTS. FAULTS ARE DETECTED BY THE PROCESSOR 
AS PART OF THE CURRENT EXECUTION, AMONG THE ,AULTS DETECTED AREi 

A, ARITHMETIC•UNIT•OETECTEO F"AULTS, 

1 • OVERfUJW, 

2. UNDERn .. ow. 

3, DIVIDE BY ZERO, 

•• I LLEGAI • FORMAT, 

5, I LLEGAI. OPERATION, 

6, ARITHMETIC BUrFER OVERFLOW, 

e. INTERPRETER•OETECTED FAULTS, 

1, LEVELQ11 LEVEl~2, ANO LEVEL•3 F'INAL•COMBINE OUT•Of•BOUNDS 
CRESOURCE SPACE>, 

The proprietary information contained in this document is the property of the Burroughs Corporat:lon 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, Pe~nsylvania. 



1761•2045 

2. LEVE:L•t, LEVEL•2, ANO LEVEL 1"l F"INAL•COMBINE ACCESS 
PERMISSION rAULT, 

3, DE Sc: R I PT :t 0 N EXECUTION RE SUL THIG IN A CONTAINER SPACE OUT• 
or•eOUND~j. 

4, ILLEGAL OPERATOR, 

5, OPERATOR !MP CALL SET, 

6, T I ME ~t RUN 0 UT , 

c. HARDWA~tE MAL.F"UNC T t ONS, 

1 t PAR I l'Y ERROR ON LEVEL•1 ACCESS, 

2, NO ACCESS TO LEVEL•t, 

FAULTS 

THESE F"AULTS EXISTa 

A, INTERNALa THE PARENT PROCESS ASSUMES THAT ITS SUBPROCESS WILL 
HANDLE THE rAULT, 

81 EXTERNALt THE PARENT PROCESS WANTS TO RECEIVE CONTROL ON THE 
OCCURRENCE or THIS ~AULT IN THE COMPOUND PROCESS, 

C, LOCALLY EXTERNALa THE PARENT PROCESS WANTS TO RECEIVE CONTROL 
ON THE OCCURRENCE 0, THIS FAULT IN THE SUBPROCESS CAS AN ELEMENTARY 
PROCESS>• 

BECAUSE THEY ARE PROCESs•DfPENOENT, rAULTS INTERNAL TO A PROCESS 
MAY BE PASSED BY THAT PROCESS TO A SURPROCESS AS INTERNAL FAULTS, 
A MASK oE,INES WHICH rAULTs ARE INTERNAL rAULTS. AN INTERNAL FAULT 
IS HANDLED BY AN ACCIDENTAL ENTRY TO THE HANDLING PROCEDURE, THE 
PROCESSOR REMAINS ASSOCIATED WITH ITS CURRENT WORK SPACE, ANO THE 
STACKS or THE PROCESS ARE usrn. 

NON•INTERNAL rAULTS1 CALLED EXTERNAL rAULTS1 ARE RECOGNIZED BY THE 
INTERPRrTER l~AROWARE WHICH PERrORMS AN IMP CALL OPERATOR. THIS 
MECH AN I SM AL IL 0 W S A PR 0 CE SS T 0 8 E S I G NALE 0 A ND AC T I VAT E 0 0 N 
OCCURRENCE or A SUBPROCESS f"AULT. 

EXTERNAL FAUlTS MAY IMPLy Sf GNALING THE IMMEDIATE PARENT (LOCALLY 
EXTERNAL> OR ANY ANCESTOR PROCESS WHICH OWNS THE FAULT AS AN 
I NT ERNA L r AU 1-. T , S I G NA L I NG THE 0 CCU RR ENCE 0 r AN E X TERN AL f" AULT I S 
IMPLEMENTED BY ENCODING THE rAULT NUMAER IN THE VALUE STACK or IMP. 
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THE PROCESSOR THEN LEAVES THE PROCESS SPACE or THE FAULTING PROCESS 
AND REINITIATES lTSELr BY IMP, 

THE RULE FOR PROPER NESTING OF FAULTS IS THAT EXTERNAL FAULTS TO A 
PARENT PROCESS MUST REMAIN EXTERNAL TO A SUBPROCESS ANO LOCALLY 
EXTERNAL FAULTS MAY BECOME EXTERNAL OR REMAIN LnCALLY EXTERNAL TO 
THE SUBPROCESS, INTERNAL PARENTAL rAULTS MAY BECOME EXTERNAL• 
LOCALLY EXTERNAL• OR INTERNAL TO THE SUBPROCESS, THIS NESTING IS 
INSURED BY THE ?ROCESS CALL OPERATOR, 

EXAMPLES OF FAULT HANDLING CAPABILITY ARES 

A. A DIVIDE BY ZERO FAULT MAY BE HANDLED INTERNALLY, 

B, A TIMER RUN OUT MAY BE EXTERNAL OR LOCALLY EXTERNAL, 

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

INITERRUPTS 

INTERRUPTS ARE PROCESS INDEPENDENT IN THAT THEIR OCCURRENCE IS NOT 
CONTROLLED BY T~E CURRENT EXECUTION O~ A PROCESSOR, INTERPROCESSOR 
COMMUNICATION lND l/O COMPLETION <LEVEL•l ~OVES> ARE EXAMPLES or 
INTERRUPTS, A MATRIX Of 16 • 16 HALF•OUPLEX BUSES ALLOWS ANY 
PROCESSOR1 l/O MODULE• OR MEMORY EXTENSION CONTROLLER CMEC> TO 
INTERRUPT ANY OTHER MODULE. 

THE SENSING or AN INTERRUPT BY THE PROCESSOR FORCES THE EXECUTION 
or AN IMP CALL· THERErORE1 INTERRUPTS ARE INVISIBLE TO THE 
PROCESSES, ONLY IMP TN EAcH PROC~SSOR CAN TREAT INTERRUPTS OR SEND 
INTERRUPTS TO OTHER MODULES, 

EACH MODULE MlY COMPLEMENT THE INTERRUPT BY A MESSAGE LEFT IN A 
LEVEL•t INTERCOMMUNICATION ARRAY COMMON TO ALL IMPS, THROUGH THE 
USE or THIS INTERRUPT FACILITY ANO THE LEVEL•1 MAILBOX1 PROCESSORS 
CAN COMMUNICATE WHEN PERFORMING IMP FUNCTIONS, USING THE SAME 
MECHANISM• AN l/O ~OOULE OR MEC MAY SEND INTERRUPTS TO ANY 
INTERPRETER, 

TYPES or PROCESSES ..... -· ·····-~--
IN THE HIERARCHY• THERE ARE TWO TYPES or PROCESSES CALLEO LEAVES 
ANO NODES, L[AVES ARE PROGRAMS .THAT ARE EXECUTED IN THE 
CONVENTIONAL SENSEJ USER PROGRAMS IN CURRENT MULTIPROCESSING 
SYSTEMS ARE GOOO EXAMPLES OF LEAVES, 
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THE FUNCTION$ A LEA~ PROCESS PERFORMS AREt 

A, RELEAS[S ITS PROCESSOR, 

8 1 REQUESTS A SERVICE OF ITS PARENT PROCESS ANO WAITS UNTIL THE 
REQUEST IS ACKNOWLEDGED BY TH[ PARENT, 

Ct INITIATES ASYNCHRONOUS MOVES Tn AND FROM LEVEL•2 ANO LEVEL•3 
<RELEASING THE PROCESSOR AND WAITING roR COMPLETION), 

0 1 EVOLVES INTO A NODE PROCESS BY SPAWNING SUBPROCESSES ANO 
ASSUMING THEIR MANAGEMENT AND CONTROL, 

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

BECAUSE A NOOE MUST ALWAYS BE IN A POSITION TO RECEIVE A PROCESSOR 
BOTH rRDM SUAPROCESSES ANO FROM ITS OWN PARENT PROCESS• A NOOE CAN 
NEVER WAIT ON AN EVENTJ IN OTHER WORns. IT MUST ALWAYS BE POSSIBLE 
TO ACTIVATE A NODE BY PASSING A PROCESSOR TO JT, THE FOREGOING 
STATEMENT IS or PRIME IMPORTANCE IN THE DESIGN Of A HIERARCHICAL 
SYSTEM, IT IS ESPECIALLY IMPORTANT TO THE OPERATING SYSTEM DESIGN, 

FOR EXAMPLE, A NOOE CAN SERVICE A REQUEST FOR "ORE RESOURCES FROM A 
SUBPROCESS OR SOME PROCESSING rROM ITS PARENT, IT MAY rINO 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, THESE TERMS ARE OErINED AS FOLLOWSt 

At DISPATCHINGt THE ACTION INVOLVED IN RECOGNIZING REQUESTS PROM 
LEAVES OR RECOGNIZING OTHER MESSAGES FROM SONS ANO EITHER 
TRANSMITTING THE MESSAGES CLEAFWARO OR ROOTWARD> OR SERVICI~G 
CERTAIN MESSAGES LOCALLY, 

a. sCHEDULINGI THE OPERATION or SELECTING AND ACTIVATING A 
SUBPROCESS OR RETURNING THE PROCESSOR TO THE PARENT PROCESS, 

THE TWO STAGES <DISPATCHING ANO SCHEDULING) ARE WELL SEPARATED csrE 
rIGUR[ 4•3), WHEN A NOOE 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 DIFFERENT STRATEGIES TO CHOOSE THE MOST 
APPROPRIATE BRANCH TO WHICH TO SEND A PROCESSOR, THE INFORMATION 
MAINTAINED AND RELIABLY PHOPAGATEO ALL ALONG THE PROCESSOR PATH IN 
THE PROCESS SPACE TACE CONSISTS OF THE ACTUAL NEEDS OF THE 
PROCESSORS• THE CURRENT NUMBER OF PROCESSORS,, ANO THE CURRENT 
NUMBER OF ACTIVE 1/0 OPERATIONS ASSIGNED TO THE SUBTREE. 
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IMP DESIGN PHILOSOPHY ... ··-··· ------·-·· 
IMP IS THE NAME OF AN INTERPRETER AVAILABLE TO EVERY PROCESS IN THE 
PROCESS TREE STRUCTUREJ IT IS THOUGHT or AS A SET OF HARDWARE 
OPERATORS, IMP IS PRIVILEGED• NONINTERRUPTl8LE1 AND RELIABLE. 

IMP PROVIDES THE MINIMUM AMOUNT OF MACHINERY REQUIRED TO CIRCULATE 
THE PROCESSORS IN THE PROCESS WORK SPACE HIERARCHY, THIS 
CIRCULATION or PROCESSORS MUST BE POSSIBLE IN ANy PROGRAMMING 
ENVIRONMENT AND ESPECIALLY MUST ALLOW FOR GRADUAL PROTECTION IN THE 
HIERARCHY or PROCESSES. A PROCESSOR MUST1 AMONG OTHER THINGS, 
ALWAYS BE CAPABLE or RETURNING ROOTWARD TO A LEVEL IN THE TREE 
WHERE THE SYSTEM IS STILL RELIABLE (RETURN TO PROGRAMS FREE OF 
ERRORS), 

ON THE OTHER HAND• IMP DOES NOT MAKE ANY ASSUMPTION REGARDING THE 
ACTUAL RESOURCE ALLOCATION STRATEGI~S USED AT EACH NOOE, THIS IS 
CONSISTENT WITH THE GENEHAL PHILOSOPHY or A PARTITIONED SYSTEM TN 
WHICH VARIOUS UNIQUE ALGORITHMS ARE USED TO DECENTRALIZE THE 
RESPONSIBILITIES OF RESOURCE ALLOCATION CAMONG THESE1 THE 
RESPONSJBILITIES rOR' SPACE ALLOCATION ANO PROCESSOR SCHEDULING), 
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TYPICAL LEAF DIAGRAM 

DISPATCHER] 

QUEUE EMPTY 

READ OUT PROCESS QUEUE - - - - - - - -- - - - -- - - -- - - - -

PROCESS MESSAGE 

OR 

REQUEST TO PAltENT 

OR 
L3 MOVE 

TYPICAL NODE DIAGRAM 

I DISPATCHER I 

+ QUEUE EMPTY 

PROCESS RETURN 

' *NOTE THAT DISPATCHING IS NOW 
ENTIRELY DEDICATED TO LOCAL 
HANDLING OF THE MESSAGE 
(USEFUL WORK ••• ) AND SCHEDULING 
HAS DEGENERATED INTO A SINGLE 
RELEASE OF THE PROCESSOR 

~:::HEDULER 

READ OUT PROCESS QUEUE -- - - - - - - -- - - -- - -· - - - - - -

I 
IF MESSAGE CAN BE HANDLlED 
LOCALLY WITHOUT \.JAITING, 00 SO 

OR 

IF A SUBPROCESS IS RESPONSIBLE 
FOR THIS TYPE OF SERVICE DISPATCH 
THE MESSAGE TO SUBPROCESS 

OR 

IF M&SSJ.GE NEEDS TO BE FOWliDED 
TO PARENT 1 DISPA1~CH TO PARENT 

...... _._J 

, SELECT A SUBPROCESS AMONG r-- THOSE THAT iED A PROCESSOR 

PROCESS RETURN PROCESS CALL 

L ~ 

PROCESSING LEAF ANO NODE ruNCTIONS 
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DATA BASE or IMP 

THE DATA BASE OF IMP IS REPRESENTED BY THE rOLLOWING CATEGORIESa 
(1) PROCESS CONTROL INFORMATION1 C2> PROCESS V STRUCTURE• (3) IMP•S 
D• N1 v AND p STRUCTUHES1 (4) RESOURCE STRUCTURES or EACH 
PROCESSOR, AND (5) OATA PECULIAR TO lMP, 

PROCESS CONTROL INFORMATION ------- -----·· ····-··--·-
A, PROCESS QUEUEa EACH PROCESS WORK SPACE CONTAINS A rIRST•IN1 
f IRST•OUT OUEUE CALLED PROCESS QUEUE• WHICM RESIDES AT A 
PREDETERMINED LOCATION, 

ENTRIES INTO THE QUEUE ARE INITIATED BY THE PROCESSES OR BY IMP. 
PROCESS INITIATED ENTRIES ARE MADE rITH(R BY A SUBPROCESS THROUAH 
AN IMP CALL OR DIRECTLY BY A PARENT, THE ENTRIES ARE REMOVED BY 
THE PROCESS ITSELr, IN ORDER TO AVOID PROCESSOR CONFLICTS, THE 
QUEUE MUST BE LOCKED BEFORE EACH SERVICE or TH[ QUEUE IS MADE. 
HOWEVER, IMP WILL NOT WAIT ON A PROCESS•INITIATED ACCESS TO A 
LOCKED QUEU£J leEw• ON ENCOUNTERING AN ALREADY LOCKED QUEUE, IMP 
WILL RETURN TO THE CALLER WITHOUT WAITING roR THE RELEASE or THAT 
LOCK BIT, 

A TYPICAL ENTRY IN THIS QUEUE CONTAINS AN IDENTIFICATION 
OEPENnING ON THE FUNCTION PERrORMEn BY IMP. FOR EXAMPLE1 IN THE 
CASE or EXTERNAL rAULTS1 THE ,AULT•ID JS QUEUED IN THE ANCESTOR 
PROCESS roR WHICH THIS rAULT Is INTERNAL. (SEE DETAILED 
EXPLANATIONS OF THE IMP FUNCTIONS BrLOW1> 

Bt READY FIELD• INDICATES WHICH SUBPROCESSES WORK SPACES ARE 
READY TO RECEIVE A PROCESSOR. THESE SUBPROCESSES CAN BEGIN 
EXECUTION AS SOON AS A PROCFSSOR IS DELIVER£0e 

Ct MONOPROCESSOR 8IT1 ALLOWS ONE PROCESSOR IN THE SUBTREE •HOSE 
ROOT HAS A MONOPROCESsOR BIT S~TJ I,E,. A PROCESS CALL TO A 
SUBPROCESS WHOSE MONOPRDCESSOR BIT IS ALREADY SET rs INEFFECTIVE. 

D, ACTIVE Bila INDICATES THAT THE PROCESS WORK SPACE AT THIS 
POINT IN THE TREE CONTAINS A PROCES~OR AND IS THEREFORE AN ACTIVE 
PROCESS, 

E, PROCESS NAM[ FIELOI IS AN INDEX USED TO LOCATE THE PROCESS 
AMONG ITS DIRECT 8ROTHER~·-PARTICULARLY THE READY BIT or A 
PROCESS I~ LOCATED IN THE READY rIELD BY THIS INDEX, 
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,, t/0 COUNT• INDICATES THE NUMBER or I/O DEVICES ACTIVE WITHIN 
THE ,ROCESS BRANCH. THIS COUNT AT ANY PROCESS LEVEL IN THE 
HIERARCHY INDICATES THE NUMBER OF IlO OPERATIONS IN THE PROCESS 
SPACE, 

PROCESS V STRUCTURE 
••••••• • U•••••••• 

THE PROCESS V STRUCTURE WILL BC USED WHEN A COMMUNICATION IS 
REQUIRED rROM IMP TO A PROCESS, 

01 N1 y, ANO P STRUCTURES OF IMP 
•• •• •• •n• • •••••••••• •• ••• 

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

RESOURCE STRUCTURES or EACH PROCESSOR ........ ···--··-·· -- ---- ---·--·--
THE RESOURC[ STRUCTURES or EACH PROCESSOR ARE USED TO DESCRIBE THE 
CURRENT AOOR£SStNG SPACE Or THE PROCESSOR, 

DATA PECULXAR TO IMP ·--- ··-·-··· ..... 
THE DATA PECULIAR TO IMP Is AS FOLLOWSI 

A, A MAXLBDX WHICH IS USED FOR PROCESSOR TO PROCESSOR 
COMMUNICATXONS <ION OR CPU), 

e. A PRECEDENCE MATRIX WHICH DErINES THE RELATIVE POSITION OF 
THE PROCESSORS IN THE TR£E, CPREOROER), 
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IMP F"UNCTIONS 

ACTIVATION AND DEACTIVATION or IMP TAKE PLACE AS FOLLOWS, IMP ts 
ENTERED IN TWO DirrERENT WAYS, 

A, IMP IS CALLED F"ROM A PROCESS, 

IN ORDER TO PERF"ORM A F"UNCTION WHICH CAN ONLY BE DONE TN 
PRIVILEGED MOOE CNONINTERRUPTABLE AND NONF"INAL COMBINED> A 
PROCESS MAY CALL IMP, THE PARAMETER or THE CALL IS PLACED ON THE 
TOP or THE v STRUCTURE BEF"ORE TME I~P CALL· 

Bt AUTOMATIC IMP CALL• 

THE OCCURRENCE or AN EXTERNAL FAULT OR ANY INTERRUPT CAUSES AN 
AUTOMATIC l~P CALL, THE STATUS IS rOUNO 8Y IMP ON THE TOP Of ITS 
V STRUCTURE, 

WITH THE AUTOMATIC OR sorT CALL Of IMP1 THE STATE OF THE PROCESS 
IS STORED IN A SPECIAL AREA or THE PROCfSS•S SPACE <COROUTINE 
CONTROL f l[LO) ANO THE ENVIRONMENT or IMP IS LOADED INTO THE 
PROCESSOR, UPON IMP RETURN THE REVERSE PROCEDURE IS PERFORMED, 

THE IMP FUNCTIONS BASICALLY AID JN THE PER,ORMANCE OF THREE 
F"UNCTIONSI SCHEDULING1 DlSPATCHING1 ANO AUTOMATIC FAULT ANO 
INTERRUPT DETECTION, THESE FUNCTIONS REQUIRE SOME PARAMETERS ANO 
AN IMP CALL, THE IMP FUNCTIONS AREt 

A, SCHEDULING FUNCTIONS, 

1, PROCESS CALL, 

2, PROCESS RETURN, 

3, PREEMPT, 

81 DISPATCHING FUNCTION • OUEUE•IN TO PARENT, 

Ce REQUEST AN ASYNCHRONOUS MOVE CL£VEL•2 OR LEVEL•l), 

D, AUTOMATtC FUNCTIONS. 

1, EXTERNAL FAULT DISPATCHING, 

2, INTERPROCESSOR COMMUNICATION, 

3, I/O COMPLETE, 
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SCHEDULING 'UNCTIONS ···--····· ........ . 
THE SCHEDULING rUNCTIONS ARE THE MOST COMPLEX IMP fUNCTIONS, 

PROCESS CALL FUNCTION 

PROCESS CALL ESTABLISHES A NEW P~OCESS IN THE HIERARCHY BY THE 
ADDITION OF A NEW SET or RESOURCE DEFINITIONS TO THE PROCESS 
RESOURCE STRUCTURE ANO TH[ ACTIVATION or THE NEW PROCESS. 
PARAMETERS fOR PROCESS CALL INCLUDE srGMENT SPACE 0ErlNITION1 TIMER 
SETTING• FAULT MASKS1 ANO LEVEL•3 RESOURCES, THESE PARAMETERS HAVE 
BEEN ENTERED INTO THE PROCESS RESOURCE STRUCTURE WITH THE PROCESS 
PARAMETER OP£RATORS, THE CALLER CAN PROVIDE A MONOPROcEssnR 
PARAMETER REQUIRING THE NUMBER OF PROCESSORS WORKING IN THE 
SUBPROCESS•S SPACE TO BE LIMITED TO ONE, 

THE PROCESS CALL FUNCTION MUST PERFORM TH£ rOLLOWING ACTIONS IN 
ORDER TO START A SUBPROCESS1 

A. THE PROCEDENCE MATRlx IS TESTED AND LOCKED. 

a. If THE SUBPROCESS Is ACTIVE OR THE MONOPROCESSOR BIT IS SET, 
A STATUS INDICATING THAT FACT IS LErT AT THE TOP or THE CALLING 
PROCESS•S V STRUCTURE' THE MAILBOX IS UNLOCKED AND AN IMP RETURN 
IS EXECUTEI>, 

Ct TWO CHECKS ARE PERFORMED• rlRST THE TIME GIVEN TO THE 
SUBPROCESS IS COMBINED IN ORDER TO IN:SURE A PROPER NESTING WITHIN 
THE CALLER•S REMAINING PROCESSING TJME• SECONDLY IMP INSURES THAT 
THE cALLER•S PROCESS INrORMATlON rs NOT PASSED WITH WRITE 
PERMISSION TO THE SUBPROCESS, Ir ANY OF THESE CONDITIONS FAIL • 
THE PROCESSOR PER~ORMS AN IMP RETURN IN THE SAME WAY AS IN Be 

o. THE READY BIT or THE SUBPROCESS IS RESET. 

Ee tr THE CALLING PROCESS NEEDS MDR[ COMPUTATION TIME1 THAT 151 
THE QUEUE IS NOT EMPTY OR ONE or THE SUBPROCES~ES IS READY• THIS 
rACT rs COMMUNICATED ROOTWARO VIA THE READY BIT, 

r. THE ACTIVE BIT or THE CALLER IS RESET. 

G, THE PRECEDENCE MATRIX IS UPDATED, 

H, THE ACflVE BIT or THE SUBPROCESS IS SET, 
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I, THE HARDWARE PROCESS CALL IS EXECUTED SLICING THE RESOURCE 
STACK AND UPDATING THE RESOURCE DISPLAY, 

J1 THE PRECEDENCE MATRIX IS UNLOCKED, 

PROCESS RETURN FUNCTION 

THE PROCESS RETURN FUNCTION RE'TURNS A PROCESSOR TO A PARENT PROCESS. 

A, TME PRECEDENCE MATRIX IS PIRST TESTED ANO LOCKED, 

8, THE MONOPROCESSOR BIT ANO THE ACTIVE BIT OF THE CALLER ARE 
RESET, 

Ce THE PRECEDENCE ~ATRix IS UPDATED, 

0 1 Ir THE PARENT PROCESS IS ACTIVE, REFER TO STEP K ELSE 

Et THE ACTIVE BIT OF THE PARENT IS SET. 

Ft THE READY BIT or THE PARENT IS RESET ANO IF THERE IS NO NEED 
FOR A PROCESSOR ALONG THE PATH ROOTWAR01 THE READY BITS DOWN THE 
TREE ARE RESET. 

Gt THE TIM[ COUNTER OF THE PROCESSOR FOR THE PARENT IS COMBINED 
WITH THE REMAINING TIME or THE CALLER, 

Ht THE HARDWARE PROCESS RETURN IS FXECUTEO, 

11 TM[ PRECEDENCE MATRIX IS UNLOCKED, 

J• IMP RETURN IS EXECUTED. 

Kt IF TH£ QUEUE or THE PARENT IS NOT LOCKED OUT A MESSAGE IS 
LEFT IN IT, 

Lt A HARDWARE PROCESS RETURN IS EXECUTED, 

Me A PROCESS RETURN IS TRIED AT THAT NEW LEVEL, I,E,, REFER TO 
C FOR THE FOi.LOW I NG, 
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WHEN A PROCESS RETURN IS EXECUTED BY A DIRECT SUBPROCESS or THE 
GLOBAL' AND Ir AT THAT TIME THE GLOBAL PROCESS JS 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 f'UNCTJON 

THE PREEMPT FUNCTION IS USED BY A PROCESS TO roRCE ALL THE 
INTERPR[TERS WORKING IN THE SPACE OF ONE or ITS SON PROCESSES TO 
RETURN AT A LEVEL BELOW IT, 

IMP DETERMINES THE PROCESSORS WHICH ARE IN THE SUBPROCESS SPACE 
WITH THE PRECEDENCE MATRIX ANO INTERRUPTS THEM LEAVING A MESSAGE 
rOR EACM IN THf IR MAILBOX, UPON INTERRUPTION EACH PROCESSOR LOOKS 
AT THE MAILBOIC ANO "PROCESS RETURNS" AT LEAST TO THE REQUESTED 
LEVEL, 

DISPATCHING FUNCTION •• QUEUE•IN TO PARENT 
····--·-·-- ····-··- -- -------- -· ·--··· 

THE DISPATCHING FUNCTION PASSES INFORMATION rROM A SUBPROCESS To 
ITS PARENT BY MEANS or A P~OCESS QUEUE ASSOCIATED WITH EACH PROCE~S 
SPACE, EACH PROCESS MAY READ ITS OWN QUEUE WIT~OUT REQUESTING IMP, 
IT IS ALSO ABLE TO QUEUE A MESSAGE IN THE QUEUE or ONE OF ITS 
SUBPROCESSES, 

THE IMP QUEUE IN FUNCTION QUEUES A MESSAGE IN THE PARENT•S QUEUE 
ANO OPTIONALLY EXECUTES A PROCESS RETURN, THE rnLLOWING STEPS ARE 
EXECUTEOt 

A, THE 
EXECUTED, 
STRUCTURE, 

QUEUE LOCK BIT IS TESTED, IF SET1 AN IMP RETURN IS 
AND A STATUS IS LEFT AT THE TOP OF THE CALLER•S V 

IF IT WAS RESET, IMP SETS IT ANO THE FOLLOWING OCCURS, 

Be THE DESCRIPTOR OF THE PARENT•S QUEUE IS EXECUTED IN ENTER 
MODE AND THC MESSAGE IS LEFT IN THAT NEW ENTRY • IF THAT ENT~Y 
WAS THE f'lRST ONE ANO THE PARENT WAS INACTIVE IT IS MARKED READY 
• UPON OCCURRENCE or AN OUT OF BOUNDS FAULT AN IMP RETURN IS 
EXECUTED WITH A STATUS LErT AT THE TOP or THE CALLER•$ v 
STRUCTURE, 
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C, IF PROCESS R£TUAN IS INDICATED IN THE REQUEST, IT ~ILL BE 
PER,ORMED AS SPECirtEO PREVIOUSLY, 

O, IMP RETURN IS EXECUTED. 

REQUEST AN ASYNCHRONOUS MOYE CL2 OR L3) 
••••••• •• •••••••••••• •••• ••• •• • •• 

ANY PROCESS CAN REQUEST IMP TO INITIATE AN 110 OPERATION THROUGH 
THE IMP CALL• BEFORE INITIATING THE OPERATION IMP WILL INSURE TMAT 
TH£ OEvicE IN QUESTION IS WITHIN THE ENVIRONMENT or THE REQUESTOR. 
Ir IT rs NOTJ AN OUT or BOUNDS FAULT CONDITION WILL EXIST. 

AUTOMATIC ,UNCTIONS 
·····•···· ······-·· 

Ir AN EXTERNAL FAULT• LOCAL EXTERNAL FAULT- OR AN INTERRUPT rs 
DETECTED DURING THE RUNNJNG or A PROC[SS- AN AUTOMATIC ENTRY INTO 
IMP OCCURS, 

WHEN A LOCAL E~TERNAL rAULT OCCURS, AN ENTRY WILL BE MADE IN THE 
REQUEST QUEUE or THE PARENT PROCESS SPACE TO SERVICE THIS rAULT. 
IMP WILL THEN PERFORM A PROCESS RETURN, 

•HEN AN EXTERNAL rAULT OCCURS. IMP MUST GO ROOTWARD LOOKING roR TME 
PROCESS WHICH OWNS THAT FAULT' THE rAULTY PROCESS IS SET ACTIVE ANO 
A MESSAGE J[S LEFT ALONG THE LINE JN EACH NODE•S OUEUE UNTIL THE 
O•NER or THE rAULT IS REACHED, AN ULTIMATE MESSAGE WITH A STATUS 
or THE ,AUl.T I:s ENTERED INTO IT$ QUEIJE. IF" THE NOOE IS ACTIVE A 
PROCESS RETURN IS EXECUTED, OTHERWISt1 THAT NODE WILL BE ACTIVATED 
BY AN IMP RETURN. 

ALL INTERRUPTS ARE HANDLED BY lMPt THIS INCLUDES PROCESSOR 
INTERCOMMUNICATION INTERRUPTS AND l/O COMPLETES, 

AN l/O OR NEC COMPLETE INTERRUPT WILL SORROW A PROCESSOR IN ORDER 
TO INSERT AN t/O COMPLETE MESSAGE INTO TH[ SPEctrtEO PROCESS QUEur. 
I, THE PROCESS IS INACTIVE ANO ITS QUEUE rs EMPTY IT WILL PROPAGATE 
THE NEEn rOR A PROCESSOR DOWN TH! LIN( ,,I, THE READY BITS. 
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SECTION 5 

STORAGE 

INTRODUCTION 
······--·-·· 
THE STORAGE rACILll'IES or THE 88500 SYSTEM ARE ORGANIZED INTO THREE 
LEVELS, THESE LEVELS ARE DIFFERENTIATED ACCORDING TO SPEED• COST1 
ANO SIZE ANO ARE STRUCTURED HIERARCHICALLY FROM THE LEVEL 
PERMITTING FASTEST ACCESS TO THE ONE WITH SLOWEST ACCESS, IN THE 
ORDER or ACCESS SP£ED1 THE LEVELS or 5TORAGE ARE AS FOLLOWS• LEVEL• 
1 STORAGE (MAIN STORAGE), LEVEL•2 STORAGE <MEMORY EXTENSIO~ 
DEVICES)' AND LEvEL•l STORAGE (AN ARRAY or PERIPHERAL EQUIPMENT). 
THE HIERARCHY IS TREATED AS A DISCRETE SET OF CONTINUUMS, 

L.EVEL•l STORAGE ........ ···----
LEVEL•l IS A FIELD•DEFINE01 PHASED STORAGE CONSISTING or FIELD 
ISOLATION UNITS CFIU) AND MEMORY STORAGE UNITS CMSU), AN FlU 
CONTROLS EITHER ONE OR TWO MSU(S)1 EACH OF WHICH CONTAINS 8192 256• 
BIT WORDS CSEE FIGURE 5•t), LEVEL•t MAY EXPAND FROM ONE FIU TO A 
MAXIMUM or 16 FIUCS), STORAGE CAPACITY IS EXTENDED BY ADDING ONE 
MSU AT A TIME, 

LEVEL•l STORAGE IS CONSlDEREO LOGICALLY TO BE A CONTINUUM OF BITS, 
rIE~OS MAY BE DEFINED BY DECLARING THE LOCATION or THE STARTING BIT 
ANO THE NUMBER OF BITS COMPOSING TME rJELD. THE FIELD ISOLATION 
UNITS <FIU> OF THE STORAGE SYSTEM PROVIDE THE CAPABILITY nr 
EXTRACTING OR INSERTING FIELDS or INFORMATION INDEPENDENT or THE 
STRUCTURE or THE PHYSICAL STORAGE DEVICES, 

PHASING IS A TECHNIQUE THAT ALLOWS THE FIELD ISOLATION UNIT TO 
INITIATE MEMORY STORAGE UNIT CYCLES IN PARALLEL WITH DATA TRANSrER. 
IN THIS WAY THE DATA TRANSrER RATE IS MAXIMIZED, 
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MSU #I 

-
128- 8 IT INTERFACE 

FIELD ISOLATION UNIT (FIU) 

64-BIT INTERFACE 

• TO INTERPRETERS 
I/0 MODULES 

MSU#2 
2,097,152 

DATA BITS 

.- . 

M IE MORY EXTENSION DISK CONTROLLERS 

F"IGURE S•t. LEVEL•l STORAGE 
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ERROR DETECT Ir>N 

WH[N A GROUP Of BITS IS MOVED rROM THE MSU TO THE FIU1 THESE BITS 
ARE CHECKED, PARITY IS CH£CKEO ON EACH 64•8IT GROUP RECEIVED BY 
TH[ FIU FROM THE ACCESSING UNIT ANO IS ESTABLISHED ON EACH GROUP OF 
64 BITS TRANSMITTED av THE FIU, WHEN ~~ DATA ERROR IS DETECTED BY 
THE rlu• THt CONTROL WORD IN FORCr IS PLACED IN THE MEMORY rAtL 
REGISTER WITH AN IDENTIFICATION 0, TH£ £RROR1 AND A FAULT INDICATOR 
IS PASSED TO THE UNIT THAT REQUESTED THE DATA MOVEMENT. 

ERROR INDICATIONS ARE PLACED IN THE FAIL REGISTER TO INDICATE TME 
TYPE AND PLACEMENT or THE ERROR, THE ERRORS AREi 

At CONTROL WORD PARITY ERROR, 

Be ILLEGAL OPERATION COUE, 

C1 CONTROL WORD RECEIVED BY TH£ WRONG FIUe 

0 1 DATA ERROR ON READ OPERATION, 

[, DATA ERROR ON WRITE OPERATION, 

r. r1u BOU~DARY ERROR. 

Gt REQUESTING DEVICE TOOK TOO LONG TO SEND DATA, 

ERROR DETECTION IN LEVEL•1 STORAGE USES A TECHNIQUE THAT ALLOWS 
DETECTION OF ALL ERRORS IN~OLVING TWO 811'51 AND ALLOWS TME HARDWARE 
or THE riu TO CORRECT ALL SINGLE•BIT ERRORS. CHECK BITS ARE AT TME 
ENO or EACH 64•aIT DATA FIELD FOR PARITY CHECKING AND ERRnR 
CORRECTIONS, THIS PERMITS THE SYSTEMS PROGRAMMER TO MORE READILY 
ACCESS AND MANIPULATE DATA WHICH IS KNOWN TO HAVE BEEN CORR£CTED, 
THE PRESENCE or A 64•AIT WORD ALLOWS A GREATER NUMBER or BITS TO 8E 
CHECKED WITH nNLY A SMALL INCREASE IN LOGIC, 

AT THE CONCLUSION or AN ERROR CORRECTION A SIGNAL IS PROVIDED TO 
THE REoUESTOR TO INDICATE THAT A CORRECTION HAS ~EEN MADE, SIMPLE 
PARITY !S USED BY TME rru ON ALL INTERMODULE DATA TRANSMISSIONS, 

FIU OPERATIONS 

O'ERATIDNS THAT MAY BE PERFORMED IN CONJUNCTION WITH LEV£L•t 
STORAGE AREi 

A, '£TCHI ALLOWS AN EXTERNAL UNIT TO MOVE DATA rROM LEVEL•t, 

a, STORE• ALLOWS AN E~TERNAL UNIT TO MOVE INrORMATION TO LEVEL•l. 
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C, FETCH MfMORY ,AIL REGISTERI ALLOWS AN EXTERNAL UNIT TO OBTAIN 
THE MEMORY rAIL REGISTER FROM A SPECIF'IC r1u. THE fAIL REGISTER 
IS CLEARED roLLOWING THE ,ETCH, 

o. rETCH ANO LOCKI ALLOWS AN EXTERNAL UNIT TO rETCH DATA ANO SET 
THE MOST SIGNlrlCANT BIT TO INDICATE THAT THE FIELD HAS BEFN 
LOCKED, 

LEVEL•2 STORAGE ....... ···-··· 
LEVEL•2 STORAGE IS rlELo·DEFINEO STORAGE OPERATING AS A LOGICAL 
LEVEL BETWEEN LEVEL•t AND LEVEL•l IN THE STORAGE HIERARCHY, IT IS 
USED TO MAINTAIN PROGRAM 4NO DATA SEGMENTS WHICH ARE NOT BEING 
CHANGED BY A PROCESSING ELEMENT or THE SYSTEM AT A GIVEN MOMENT, 

WITH THE EXCEPTION or ACCESS ANO TRANSFER SPEED- LEVEL•2 STORAGE IS 
TREATED ANO MANAGED THE SAME AS LEVEL•t, BECAUSE LEVEL•2 STORAGE 
HAS CHARACTERISTICS SI~ILAR TO THOSr or LEvr.L•l STORAGE, THE SAME 
MANAGEMENT ALGORITHMS MAy BE APPLIED TO THE RESPECTIVE BIT 
CONTINUUMS, 

LEVEL•2 STORAGE IS COMPRISED nr A RANGE or DEVICES, INCLUDING HEAD• 
PER•TRACK DIS~ AND BULK CORE, A MEMORY EXTENSION CONTROLLER CMEC> 
PROVIDES JNTERrACES BETWEEN LEVEL•t STORAGE ANO THE LEVEL•2 MEDIA, 
ANO ALSO PROVIDES THE rIELD•TSOLATION rACILITIEs. THE MEC HAS THE 
CAPABILITY TO SERVICE MULTIPLE REQUESTS THRU MULTIPLE ASYNCHRONOUS 
DATA PATHS, THE MEMORY EXTENSION CONTROLLER UTILIZES THE SAME 
QUEUE ANO ELEMENT rORMATS ANO QUEUEING DISCIPLINES AS T~E IIO 
MODULE CtOM), THIS PERMITS THE IOM ANO THE MEC TO ENTER REQUESTS 
INTO EACH OTHERS QUEUES IN ORDER TO ACHIEVE TRANSFERS or rIELDS 
BETWEEN LEVEL-ti LEVEL•2, ANO LEVEL•l STORAGE WITHOUT PROCESSOR 
INTERVENTION, 

SINCE ONLY A SMALL PART OF THE TOTAL ACTIVE PROCESS SPACE IS 
ACTUALLY BEING OPERATED UPON BY THE PROCESSING ELEMENTS or THE 
SYSTEM AT ANY GIVEN MOMENT, A RELATIV~LY SMALL SPACE IS REQUIRED IN 
DIRECT•ACCESS STORAGE CLEVEL•l ANO REGISTERS), THUS• THE BULK or 
THE PROCESS SF~ACE MAY BE MAINTAINED tN LEVEL•2 STORAGE WHILE IT rs 
NOT BEING CHANGED, BY HAVING A HIERARCHY OF STORAGE WITH IDENTICAL 
MANAGEMENT• "rJx•uP" IS ELIMINATED WHEN DATA IS MOVED rROM LEVEL TO 
LEVEL1 THUS ACHIEVING EFFICIENT UTILIZATION OF THE STORAGE 
HIERARCHY. THE INTEGRATION or LEvEL•2 STORAGE INTO THE SYSTEM 
PROVIDES roR ErrICIENT UTILIZATION OF SySTEM STORAGE RESOURCES. IT 
PROVIDES roR A NATURAL rLOW OF INrORMATION FROM rILE STORAGE TO 
REGISTERS#. WITH INTERMEDIATE BUFFERING IN A RANGE or DEVICES, THUS 
YIELDING A LOW COST•PER•BIT P£R PROCESSING CYCLE, 
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MEMORY EXTENS ,r ON CONT ROLLER 

THE MEC EXERCISES CONTROL OVER THESE LEVEL•t ANO LEVEL•2 
OPERATIONS a 

•• TH[ SELECTION or REQUESTS rROM THE LEVEL•2 DEVICE QUEUE. 

81 THE INITIATION OF REQUESTS ON THE APPROPRIATE LEVEL•2 DEVICE. 

c. THE MOVEMENT or INrORMATION BETWEEN LEVEL•l ANO LEV£L•2 
STORAGE, 

Dt ACTING ON REQUESTS TO CONTROL THE MOVEMENT OF DATA BETWEEN 
LEVEL•l AND LEVEL•2 VIA LEVEL•1 STORAGE, 

[, THE REPORTING or STATUS BACK TO THE REQUESTING PROCESS, 

THE MEC ACTS AS A PROCESSOR WORKING ON THE PROCESS SPACES OF THE 
PROCESS HIERARCHY, ALL ACCESSES TO L£VEL•1 ANO LEVEL•2 STORAGE ARE 
PROTECTED BY FINAL COMBINE OPERATIONS <PERFORMED PRIOR TO TME 
INITIATION OF THE REQUEST>• 

TO ALLOW THE MECCS) TO PROPERLY SELECT PATHS ANO SERVICE THE LEVEL• 
2 DEVICE QUEUE, A MAP or THE LEVEL•2 SUBSYSTEM CONFIGURATION IS 
CONSTRUCTED, THIS MAP ALLOWS EACH MEC TO BE AWARE OF THE OEvtcrs 
IT CAN S£RV1C£1THE PATHS AVAILABLE F"OR THAT SERVICE• AND THE 
LOCATION or THE LEVEL•2 QuEUE THAT RrQUERES SERVICE. TH£ MEC PATH 
SELECTION AND QUEUE SERVICE OPERATES FR0~4 THE LEVEL•2 SUBSYSTEM MAP, 
THE BASIC LrvEL•2 ~AP ls LOADED AT INITIALIZE TIME ANO CAN BE 
MOOlrlEO DYNAMICALLY BY A GLOBAL PROCESS, THE LEVEL•2 MAP RESIDES 
IN LEVEL•t ST~RAGE1 AND MAy BE ACCESSED BY MECCS), IOMCS>1 IMP1 AND 
GLOBAL PROCESSES, 

REQUESTS FOR LEVEL•2 ACTIVITY ARE ENTEREC~ INTO THE DEVICE QUEUE VIA 
THE DEVICE ~ECTORJ THE SERVICING or REQUESTS IS DONE BY MECCS> 
USING THE LEVEL•2 MAP, ALL QUEUEING JS AT THE DEVICE LEVEL, THE 
PATH SELECTION AND QUEUE SERVICE PROVIDES MAXIMUM FLOW OF TRAFFIC 
BY USING ALL AVAILABLE ACCESS PAT~S, 

DEVICE QUEUE ELEMENT 

A DEVICE IS CONSIDERED TO BE A PERIPHERAL DEVICE WHICH IS CONNECTED 
TO A CHANNEL OF THE MEC, THERE IS ONE DEVICE QUEUE ELEMENT CDQE)1 
ANO THERErOR£ ONE QUEUE• FOR EACH ADDRESS CONTINUU~. THE CONTENTS 
or EACH DEVICE QUEUE ELEMENT ARE DESCRIBED IN THE IOM DISCUSSION IN 
SECTION 6,. 

EACH MEC HAS ITS OWN COMPLETION QUEUE, THE LOCATION or THE HEAD or 
THE QUEUE IS RETAINED BY THE MECe THE HEAD CONTAINS A COUNT MF 
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ELEMENTS1 AND POINTERS TO THE 1rIRST ANO LAST ENTRIES OF THE QUEUE, 
THE ELEMENTS OF THE COMPLETION QUEUES ARE IDENTICAL WITH THE 
ELEMENTS OF THE DEVICE QUEUES ExeEPT THAT THE COMPLETION STATUS ts 
PLACED IN THE REQU£ST STATUS FIELD. EACH LEVEL•2 ELEMENT or THE 
DEVICE VECTOR CONTAINS BOTH A POINT'-R TO THE CORRESPONDING DEVICE 
ELEMENT IN THE LEVEL•2 MAP1 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•l ANO LEVEL•2 STORAGE, 
A REQUEST IS PREPARED WHICH CONTAINS A DESCRIPTION or THE LEVEL•! 
AREA• AN OPERATION COOE1 A DESCRIPTION OF A LEVEL•2 AOORESS1 ANO A 
BIT TO INDICATE WH~THER TME PROCESS REQUIRES NOTIFICATION or 
COMPLETION OF THE LEVEL•2 OPERATION, 

THE CONSTRUCTION OF THE REQUEST INVOLVES AN ALLOCATION OF STORAGE 
FOR THE REQUEST1 PLACEMENT OF THE A~SOLUTE LEVEL•l ADDRESS IN THE 
REQUEST, AND T~E CREATION OF A PROCESS IOENTlrlCATION TO BE PLACED 
IN THE REQUEST, THE COMPLETED REQUEST IS THEN LINKED INTO THE ENO 
or THE DEVICE QUEUE, THE MEC1 WHICH MAS PATHS TO THE DEVICE ANO ts 
IDENTIFIED IN TME DEVICE VECTOR• IS NOTIFIED VIA THE INTERRUPT eus. 

EACH MEC HAS AN INTERNAL REGISTER THAT HOLDS THE NUMBER OF JOBS 
REMAINING TO et INITIATED BY AN MEC. TH£ COUNT nF THE REGISTER rs 
INCREASED EACH TIME THE snrrwARE SENDS AN INTERRUPT FOR JOB 
INITIATTON AND IS DECREASED EACH Tl~E AN MEC ACCEPTS A JOB, EACH 
MEC COMMUNICATES WITH THE OTHER MEC WHEN A JOB rs ACCEPTED. 
THEREroRE1 THE NUMBER OF JOBS RE~AINING IN THE COMMON JOB QUEUE IS 
MAINTAINED BY EACH MEC, 

SINCE THE MAPS1 QUEUES, ANO DEVICE QUEUE ELEMENTS FOR THE MEC ANO 
IOM HAvE IDENTICAL rORMATS• REQUESTS roR A SEQUENCE OF OPERATIONS 
INVOLVING BOTH LEVEL•2 ANO LEVEL•l ~AV B[ LINKED UNDER A REQUEST, 
THIS CAPABILITY PERMITS A SERIES OF INTERL[VEL ANO INTRALEVEL MOVES 
TO BE PERrORM£D WITHOUT CPu INTERVENTION. 

LE'VEL•l STORAGE ·-····· ···-··-
LEVEL•l STORAGE IS IMPLEMENTED WITH A WIDE RANGE or PERIPHERAL 
OEVICE1 SUCH AS MAGNETIC TAPES1 rtLE nISKSi• PUNCHED CARO EQUIPMENT, 
PRINTERS1 ANO DATA COMMUNICATIONS EQUIPMENT, ACCESS TO LEVEL•3 
STORAGE IS MADE THROUGH THE INPUT•OUTPUT MODULE <SEE SECTION 6), 
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SECTION 6 

INPUT/OUTPUT suaSYSTEM 

INTRODUCTION 
·····-······ 
THE INPUT/OUTPUT SUBSYSTEM OESCRIB£0 IN THIS SPECIFICATION IS 
DESIGNED TO PROVIDE A HIGH DEGREE or• 

PARALLELISM BETWEEN INTERPRETERS AND 1/0 MODULES (IOM> BY 
RELEASING THE INTERPRETER AT THE El,RLIEST POSSIBLE MOMENT rROM 
THE 1/0 OPERATION, 

THROUGHPUT BY DELAYING THE BINDING or PATHS THROUGH THE 1/0 
SUBSYSTEM UNTIL INITIATE TIME1 THUS t4AXIMIZING CHANNEL ACTIVITY. 

THE IOM ACTS AS A PROCESSOR WORKING ON THE DErINED PROCESS SPACES 
or THE PROCESS HIERARCHy, ALL ACCESSES TO LEVEL•1 ANO LEVEL·l 
STORAGE ARE P~OTECTED BY FINAL COMBINE OPERATIONS <PERFORMED 8Y IMP 
PRIOR TO THE INITIATION or THE IOM ON THE REQUEST). 

THE INPUT/OUTPUT MODULE EXERCISES CONTROL OVERa 

A, SELECTION OF 1/0 REQuESTS rqoM DEVICE QUEUES, 

e. SELECTION or THE OPTIMUM PATH TO THE DEVICE. 

c, INITIATION or REQUESTS ON THE APPROPRIATE D£YICE, 

o, MOVEMENT or DATA BETWEEN LEVEL•t AND LEVEL•3, 

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

CONCEPTUAL VIEW or THE 1/0 SUBSYSTEM 
··-----··· ...... --- --- -------·· 
THE I/O SUBSYSTEM rs MADE UP OF I/O MODULES1 PERIPHERAL DEVICE 
CONTROLLERS• EXCHANGES1 AND PERIPHERAL DEVICES, THE SUBSYSTEM MAY 
BE INTERCONNECTED INTO THE CONFIGURATION MOST SUITED TO THE USERS 
REQUIREMENTS, FIGURE 6•1 ILLUSTRATES l~T LEAST ONE EXAMPLE OF EACH 
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POSSIBLE TYPE OF CONNECTION THAT CAN BE MADE BETWfEN MODULES or THE 
l/O SYSTEM, IT CAN BE SEEN TH~T I/O MODULES CAN BE CONNECTED TO 
EXCHANGES• SHARED EXCHANGES• OR DIRECTLY TO THE DEVICES. THE 
DEVICE CONTROLLERS ARE NOT ILLUSTRATED IN THIS DIAGRAM BECAUSE THEY 
DO NOT INFLUENCE THE DESJGN CONCEPT~ or THE l/O SUBSYSTEM ANO MAY 
BE THOUGHT OF AS IOM EXTENSIONS, A SHARED EXCHANGE IS AN EXCHANGE 
W~lCH 15 SHARED BY MORE THAN ONE IOM, 

THROUGHPUT CAN BE MAXIMIZED IF THE BINDING or A COMPLETE PATH 
BETWEEN PROCESS ANO DEVICE IS DELAYED UNTIL THE DEVICE IS READY TO 
ACCEPT THE 110 JOB. As AN EXAMPLE• Ir DEVICE 02 IS TO BE 
INITIATED• THE PATH REQUIRED TO CONNECT THE INITIATING PROCESS Pl 
WITH D2 INVOLVES A CHOICE BETWEEN TWO 1/0 MODULES ANO THEN BETWEEN 
TWO CHANNELS WITHIN A GIVE~ 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 DEVELOP It~ ~HICH THE DEVICE IS FREE 
BUT THE PRE•SELECTEO PATH TO THE DEVICE IS NOT1 THUS DELAYING 
EXECUTION, TMnS SITUATION IS FAR LESS LIKELY TO OCCUR Ir MORE THAN 
ONE PATH EXISTS WHICH CAN BE CONNECTED BETWEEN THE PROCESS ANO 
DEVICE, 

l/O SUBSYSTEM MAP CIOSM) 

TO ALLOW THE l/O MODULES TO PROPERLY SELECT PATHS TO THE DEVICES 
AND SERVICE 1/0 REQUESTS' A MAP OF THE l/O SUBSYSTEM CONFIGURATION 
IS CONSTRUCTEO AT INITIALIZE TIME1 1/0 MODULES ARE AWARE OF THE 
DEVICES THEY CAN SERVICE ANO THE PATHS AVAILABLE TO THE DEVICE rnR 
T~AT SERVICE. THE 1/0 SUBSYSTEM MAP CIOSM> ALSO INDICATES DEVICE 
QUEUES WHICH HOLD SERVICE REQUEST5 FOR ASSOCIATED DEVICES. THE 
IOSM RESIDES IN LEVEL•t STQRAGE1 AND MAY BE ACCESSED BY IOMS• MECS, 
IMP AND THE GLOBAL PROCESS, 

THE IOSM (SEE rIGURE 6•2) HASI 

A, A DEVICE VECTOR CONTAINING DEVICE VECTOR ELEMENTS, 

Be DEVICE ELEMENTS, 

c, INDIRECT EXCHANGE ELEMENTS, 

D, AN EXCHANGE ELEMENT. 

Et DEVICE QUEUES WHICH HOLD THE DEVICE QUEUE ELEMENTS, 

Ft COMPLETION QUEUES WHICH HOLD THE STATUS QUEUE ELEMENTS CSQE), 
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STATUS OU[UE ELEMENTS 
•••••• ••••• • ••••••• 

THERE IS A STATUS QUEUE FOR EACH IOM, THE STATUS QUEUES CONTAIN 
STATUS QUEUE ELEMENTS CSQE) WHICH CONTAIN THE STATUS OF A COMPLETED 
OR TERMINATED IIO REQUEST, THE STATUS QUEUE ELEMENTS ARE IDENTICAL 
TO THE DEVICE QUEUE ELEMENTS WITH THESE EXCEPTIONS1 

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

81 CERTAIN BIT POSITioNS MAY BE SET Ir THE TERMINATION WAS DUE 
TO DETECTION or AN IMP OR IOM ERROR CONDITION, 

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

DEVICE VECTOR ELEMENTS COVE> 
··--·· ··-··· ···-···· ···-· 

THE DEVICE VECTOR IS AN ARRAY CONTAINING DEVICE VECTOR ELEMENTS 
COVE), THERE IS ONE DvE FOR EAeH DEVICE. THE DVE CONTAINS A 
POINTER TO ITS ASSOCIATED DEVICE ELEMENT~ AND A LIST or 1/0 MODULES 
THAT CAN SERVICE THE DEVICE ASSOCIATED WITH THE DVE, THE DEVICE 
VECTOR ELEMENTS ARE USED SOLELY BY IMP TO FORMAT AND LIST THE 1/0 
REQUESTS IN TME PROPER DEVICE QUEUE, 

DEVICE ELEMENT COE> 
••••••••••••••••• 

A DEVICE ELEMENT COE> IS ALSO ASSOCIATED WITH EACH DEVICE, THE DE 
CONTAINS THE STATUS OF THE OEVICE1 ANO POINTS TO THE FIRST AND LAST 
DEVICE QUEUE ELEMENT IN TH£ DEVICE QUEUE, THE VARIOUS FIELDS AREt 

LOCK CL> Bil' INDICATES WHEN PRESENT1 THAT THE DE 
OR ITS QUEUED DEVICE QUEUE ELEMENTS 
ARE BEING OPERATED ON BY EITHER A IOM 
OR IMP. ANO PREVENTS MORE THAN ONE or 
THESE OP£RATORS FROM TRYING TO ACCESS 
ANO OPERATE ON THE OE OR OQE AT THE 
SAME TIME:, 

ELE~ENT TYPE CET) FIELD IDENTirIES THE ELEMENT AS BEING A OE 
ccnoE 001>. 

BUSY CB> BIT INDICATES THE STATUS or THE 
ASSOCIATED DEVICE, 
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1/0 ERROR CIDE> BIT INDICATES THAT THE ASSOCIATED 1/0 
CHANNEL HAS BEEN TERMINATED AS A 
RESULT or AN ERROR CONDITION BEING 
DETECTED, ALSO CAUSES THE CONTENTS 
or THE DEVXCE QUEUE TO BE TRANSFERRED 
INTO THE STATUS QUEUE, 

DE RING LINK (RL> rIELD IF APPLICABLE. THIS rIELD WILL 
CONTAIN A POINTER TO A DE FOR A 
DEVICE NHICH I5 CONNECTED ON THE SAME 
EXCHANGE, CI.Ee THE DE FOR DEVICE 
02 IN FIGURE 6•2 WOULD CONTAIN A 
POINTER TO THE DE FOR DEVICE D3,) 

REQUEST COUNT (RC> FIELD MAINTAINS A RECORD or THE NUMBER OF 
I/0 R£QUESTS <DEVICE QUEUE ELEMENTS> 
QUEUED FOR ITS ASSOCIATED DEVICE, 

END RING (ER) BIT 

IOM CHANNEL NO, FIELD 
CICN> 

USE INDIC:ATEO 
CHANNEL BIT CUIC> 

EXCHANGE BIT CEB> 

BYTE TYP[ CBT) BIT 

TRANSLATE CTR) rIELD 

DEVICE QUEUE HEAD 
LtNK (OQHL> FIELD 

IF APPLICABLE, INDICATES THAT ITS 
ASSOCIATED DEVICE IS THE LAST DEVICE 
ON AN EXCH,~NGE, 

IDENTIPlES THE ONE or 64 CHANNELS 
RESERVED TO SERVICE THE ASSOCIATED 
DEVICE, XF THE DEVICE IS CONNECTED 
TO AN [XCHANGE, 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 SP£CirIC CHANNEL WHEN IT 
IS DESIRABLE TO OVERRIDE THE IOM PATH 
SELECT JON, 

IDENTirIES THE ASSOCIATED DEVICE AS 
BEING CONNECTED TO AN EXCHANGE CEB•t) 
OR A NON•EXCHANGE DEVICE CEB•O), 

SPECIFIES THE BYTE SIZE AS BEING 
EITHER SIX <BT•l> OR EIGHT CBT•O> 
BITS FOR STANDARD PERIPHERALS, 

SPECIFIES THE CODE TRANSLATION 
REQUIREMENTS or THE IOM FD~ THE 
ASSOCIAT[D DEVICE, 

IDENTlrIES THE LOCATION or THE 
FIRST IO REQUEST (OQE) IN THE 
DEVICE QUEUE, 
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QUEUER DEVICE ELEMENT 
CODE> 811' 

BYTE SIZE CBS) FIELD 

N 0 , 0 F" SE: R V I C E 
ATTEMPTS CNS> 
BJTS 

DEVICE QUEUE TAIL 
LTNK CDQTL> FIELD 

IO ERROR RETRY 
COUNT CIO[R) F"IELD 

HE A 0 •WAR [1 L I N K 
C H W L > F" IE: L 0 

EXCEPTION! MASK 
C EM) FI EL.D 

6• 7 

IDENTIFIES THE DE AS A QUEUER OE. 

SPECIFIES THE AMOUNT or DATA TO BE 
TRANSF"rRRED PER TRANSFER TIME, IN 
BYTES, 

MAINTAINS A RECORD OF THE NUMBER or 
IOMCS) THAT HAVE ATTEMPTED TO START 
A JOB ON THE EXCHANGE ASSOCIATED 
WITH THE oe:v1cE. 

IDENTirlES THE LOCATION or THE LAST 
IO REQUEST COQE) IN THE DEVICE QUEUE, 

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

IF APPLICABLE• IDENTIFIES THE LEVEL•l 
ADOHESS or THE EXCHANGE ELEMENT 
OR INDIRECT ELEMENT 
ASSOCIATED WITH THE DEVICE, 

SPECIFIES CONDITIONS WHICH ARE 
TO BE PROCESSED AS EXCEPTIONS, 

INDIRECT EXCHANGE ELEMENT CtE> ·····-·· ........ ··-···- -··· 
AN INDIRECT ELEMENT CIE> IS REQUIRED FOR EACH SHARED EXCHANGE JN 
THE I/O SUBSYSTEM, INDIRECT ELEMENTS CONTAIN IIO REQUESTS• 
INCLUDING ASSOCIATED EXCHANGES IN THE 1/0 PATH• WHICH HAVE NOT vrr 
BEEN STARTED, THE IE ALSO CONTAINS THE NUMBER OF 110 MODULES 
LINKED TO THE EXCHANGE, WHEN AN IOM IS SERVICING A REQUEST FOR A 
DEVICE CONNECTED WITH A SHARED EXCHANGE, THE REQUrST IS DIRECTED TO 
THE IE ev THE OE. THE IE IN TURN DIRECTS JT TO THE EXCHANGE 
ELEMENT ASSOCIATED WITH THE LOWEST NUMBERED IOM LINKED TO THE 
SHARED EXCHANGE, THE VARIOUS FIELDS AREi 

LDCK CL> BIT INDICATES WHEN PRESENT• THAT THE IE 
IS BEING OPERATED ON BY AN IOM1 ANO 
PREVENTS ANOTHER IOM FROM TRYING TO 
OPERATE ON IT AT THE SAME TIME, 

ELEMENT TYPE CET> FIELD IOENTirlES THE ELEMENT AS AN IE CCOOE 
1011), 
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NO, OF IOMCS> FIELD 

HEAD•WARO LINK CHWL> 
F'JELD 

RtNG WALK COUNT CRWC) 
,tELD 

DE RING LINK CDE•RL> 
FIELD 

EXCHANGE ELEMENT CEE> ·-·--··· ·------ ----

6• 8 

SPECIFIES THE NUMBER or IOM(S) WHICH 
SHARE THE EXCHANGE, 

IOENTirtES THE LEVEL•1 ADDRESS or 
THE EE ASSOCIATED WITH THE LOWEST 
NU~BEREO IOM CONNECTED TO THE 
EXCHANGE1 TO ENABLE THE "EXCHANGE 
~ING WALK" ROUTINE TO BE EXERCISED 
WHEN RE,tUIRED, 

MAINTAINS A RECORD or THE NUMBER or 
JOAS QUEUED FOR THIS EXCHANGE WHICH 
MUST BE STARTED WITH THE "RING WALK" 
ROUTINE WHEN AN EXCHANGE CHANNEL 
BECOMES AVAILABLE, 

IDENTirIES THE LEVEL•t ADDRESS or 
THE DE or THE LOWEST NUMBERED DEVICE 
CONNECTED TO THE E~CHANGE1 TO ENABLE 
THE "DEVICE RING WALK" ROUTINE TO ~E 
EXrRCISEO WHEN REQUIRED, 

AN EXCHANGE ELEMENT CEE) IS ASSOCIATED WITH EACH IOM•TO•EXCHANGE 
MODULE INTERrACE IN THE 1/0 SUBSYSTEM, EXCHANGE ELEMENTS CONTAIN 
THE EXCHANGE CHANNELS WHICH ARE CONNECTED TO A SPECIFIC IOM, Ir 
THE EXCHANGE IS SHARED BY MORE THAN O~E IOM1 THE EE ASSOCIATED WITH 
IO~•EXCHANGE POINTS TO THE NEXT•HIGHrR NUMBERED IOM•TO•EXCHANGE EE 
ASSOCIATED WITH THE SAME ExcHANGE, WHEN AN IOM IS SERVICING AN 110 
REQUEST roR A DEVICE CONNECTED To A NON•SHAREO fXCHANGE1 IT IS 
DIRECTED TO THE EE BY THE OE ,OR THAT DEVICE, IT WILL DETERMINE tr 
AN EXCHANGE CHANNEL IS AVAILABLE TO ~ERVICE THAT REQUEST. WHEN AN 
IOM rs SERVICING AN 110 REQUEST roR A DEVICE CONNECTED TO A SHARED 
EXCHANGE1 IT IS OIRECTEo TO THE EE BY EITHER THE IE roR THAT 
EXCHANG£ OR ANOTHER EE. THE CORRECT EE HAS erEN FOUND WHEN THE 
NUMBER IN THE !OM NUMBER ;IELD IS THE SEARCHING IOM NUMBER, THE 
VARIOUS F'IELDS AREi 

LOCK CL> BIT INDICATES WHEN PRESENT, THAT THE EE 
IS BEING OPERATED ON BY AN IOM1 ANO 
PREVENTS ANOTHER IOM FROM TRYING TO 
OP£RAT£ ON IT AT THE SAME TIME. 

ELEMENT TYPE CET> FIELD IDENTirlES THE ELEMENT AS BEING AN EE 
CCOOE 100), 
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EE RING 1 .. INK•OE 
RJNG LINK FIELD 

RING WALK COUNT (RWC) 
F'tELD 

Ir THE EE IS ASSOCIATED WITH A SHARED 
(INDIRECT> EXCHANGE• THIS FIELD WILL 
POINT TO ANOTHER Er WHICH IS 
ASSOCIATED WITH THE SAME EXCHANGE• 
TO ENA~LE THE "EXC~ANGE RING LIN~" 
ROUTINE TO BE EXERCISED BY AN IOM, 

IF THE ASSOCIATION IS WITH A 
NON•SHARED EXCHANG£1 THIS FIELD WILL 
POINT TO THE 0[ or TH[ FIRST DEVICE 
CONNECTED WITH THE EXCHANGE, TO ENABLE 
THE "DEVICE RING WALK" ROUTINE TO BE 
EXERCISED, 

MAINTAINS A RECORD OF THE NUMBER OF 
JOBS QUEUED FOR THIS EXCHANGE WHICH 
MUST er STARTED BY A RING WALK WHEN 
A CHANNEL IN THE EXCHANGE BECOMES 
AVAILARLE, 

CHANNEL COUNT (CC> FIELD SPECIFIES THE NUMBER or CHANNELS 
RESERV£D TO SERVICE THE EXCHANGE. 

CHANNEL NO, FIELD 

BUSY FIELD CBF'> 

IOM NO, FIELD 

DEVICE QUEUE ELEMENT COQ[) ·---·· ..... ···-··· ..... 

IDENTlrIES THE LOWEST NUMBERED CBASE) 
I/n CHANNEL ASSOCIATED WITH THE 
EXCHANGE. 

INDICATES THE STATUS or EACH CHANNEL 
CONNECTED WITH THE EXCHANGE. 

IOENTlrIES THE IOM ASSOCIATED WITH 
THE EXCHANGE ELEMENT, 

EACH DEVICE HAS ITS OWN DEVICE QUEUE WHICH HOLDS THE 110 REQUEST~~ 
KNOWN AS DEVICE QUEUE ELEMENTS COQE), THESE REQUESTS ARE SERVICED 
IN A rIRST IN•rIRST OUT MANNER, 

THE DEVICE QUEUE ELEMENTS ARE CONSTRUCTED BY IMP WHEN A PROCESS 
REQUIRES THAT AN ASYNCHRONOUS TRANSrER BE MAOE B£TWEEN LEVEL•1 ANO 
LEVEL•l, THE DQE DErINES THE I/n OPERATION REQUESTED RY TME 
PROCESS, WHEN IMP LISTS THE OQE IN THE DEVICE QUEUE IT ALSO 
NOTJrtEs ALL 1/0 MODULES CAPABLE OF SERVICING THE DEVICE TO WHICH 
THE DEVICE. ouruE· BELONGS THAT AN I/O REQUEST IS WAITING TO BE 
SERVICED• 
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THERE ARE TWO FORMS OF DEVICE QUEUE ELEMENTS• A GENERAL OQE AND A A 
DISK DEVICE QUEUE ELEMENT CDOQ[), THE DQE IS REQUIRED TO REQUEST 
AN 110 OPER•TION 0, ALL ~ERIPHERAL DEVICES IN THE I/O SUBSYSTEM• 
EXCLUDING DISK rILE SYSTEMS, THE ODQE IS REQUIRED TO REQUEST AN I/ 
0 OPERATION 0, A DISK FILE SYSTEM, WHEN REQUESTING THE SERVICES or 
A QUEU£R•CONfRDLLED DISK FILE SYSTEM, THE QUEUER AND THE DISK FILE 
ARE BOTH CO~SIDERED DEVICES, THEREFORE, BOTH THE QUEUER AND THE 
DISK rILE REQUIRE A DDQE, THE VARIOUS FIELDS AREt 

ELEMENT TYPE CET) FIELD IDENTIFIES THE ELEMENT AS BEING A OQE 
ccnoE 010>. 

INTERRU,T BIT CINB> 

EXECUTEO (EXE> BIT 

LINK TO NEXT REQUEST 
( H) FI [ILD 

BYTE LE 1~GTH 
F'IELD C8L> 

OP CODE FIELD 

INSTRUCTION CODE FIELD 

SPECIFIES WHETHER OR NOT 
ORIGINATING PROCESS WANTS 
NOTIFIED UPON COMPLETION 
OPERATION, 

THE 
TO Bf 

or THE IO 

THIS RIT POSITION IS UNUSED IN THE 
OQE, HOWEVER• WHEN PRESENT IN THE 
SQE, INDICATES THAT THE OQE WAS 
EXECUTED, 

IDENTIFIES THE LEVEL•1 ADDRESS or 
THE FOLLOWING DQE QUEUED rOR THIS 
DEVICE, 

DEFINES THE LENGTH or THE DATA TO BE 
TRANSFERRED IN BYTES, 

DErINES THE 1/0 OPERATION REQUIRED or 
THE PERIPHERAL DEVICE. 

DEFINES THE 1/0 OPERATION REQUIRED or 
THE IOM AS fOLLOWSt 

COnE 000 • INITIATE I/O 

conE 001 • INTERROGATE 
PERIPHERAL STATUS •• NOTIFY WHEN 
NOT READY. CNOT VALID FOR 
QUEUER CONTROLLED DISK rILE 
SYSTEMS ANO EXCHANGE DEVICES,) 

COOE 010 • READ RESULT 
DESCRIPTOR, 

COnE 011 • INTERROGATE 
PERIPHERAL STATUS •• NOTIFY WHEN 
READY, 
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NOt OF" RETRIES 
<NR> F'IE'.LD 

IMP ERROR CIMPE> BIT 

RESULT DESCRIPTOR 
CRD> F'IELD 

LEVEL•1 ADDRESS 
MEMORY BOUNDS CLlMB> 

6- 11 

CODES 100 THRU 111 • HAVE 
DlrrERENT INTERPRETATIONS FOR 
TH£ VARIOUS PERIPHERAL DEVICES 
IN THE I/O SUBSYSTEM AN01 
THEREFOR[, ARE oErlNEO IN TME 
DATA SERVICE UNIT PORTION or 
THIS SPECIFICATION, 

MAINTAINS A RECORD or THE NUMBER or 
TIMES THE OQE WAS INITIATED BEFORE 
BEING SUCCESSrULLY EXECUTED, CUSEO 
roR AUTOMATIC RETRY OPERATION,) 

THIS AIT POSITION IS UNUSED IN THE 
OQE, HOWEVER, WMEN PRESENT IN THE 
SQE, INDICATES THAT ONE OF THESE 
ERROR CONDITIONS WAS DETECTED DURING 
THE INITIATION or THE OQE AND THE OQE 
THERErnRE TERMINATED PREMATURELY. 

A, THE IOE BIT 
ASSOCIATED OE WAS 
TIME THE IOM WAS 
INITIATE THE DQE, 

IN THE 
SET AT THE 
DIRECTED TO 

e. THE RC FIELD or THE 
ASSOCIATED DE WAS EQUAL TO ZERO 
AT THE TIME THE OQE WAS BEING 
IN!TU~TED, 

Ce THE BUSY CB> BIT OF THE 
ASSOCIATED DE WAS RESET WHEN THE 
10~ ATTEMPTED TO REINITIATE THE 
DEVICE AF'TER A SUCCESSFUL 
(NORMAL) TERMINATION or A 
SUBSEQ1UENT OQE • 

THIS FIELD IS RESERVED FOR USE IN 
THE SQE, THE RESULT DESCRIPTOR 
GENERATED rOR THE OPERATION SPECIFIED 
IN THE OQr SHALL BE PLACED IN THIS 
FIELD JUST PRIOR TO THE DQE BEING 
TRANSFERRED INTO THE STATUS QUEUE. 

THIS rIELO IS NORMALLY USED TO 
IDENTlrY THE LEVEL•t ADDRESS AT WHICH 
THE DATA TRANSrEA IS TO START. 
HOWEVER1 WHEN USED IN CONJUNCTION 
WITH "LOAD OCP BOUNDS REGISTER" 
<UNIQU£ DSU COMMAND> INSTRUCTION 
COOE1 THIS rtELD IDENTirIES THE 
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MEMORY BOUNDS TO BE LOADED INTO THE 
MEMORY BOUNDS REGISTER or THE DCP. 

WHEN THIS rIELD IS NOT USED TO 
CONTAIN A LEVEL•t ADDRESS• THE 
LENGTH IN BYTES• OP CODE· NUMBER or 
RETRIES1 AND RESULT DESCRIPTOR 
FIELDS WILL BE INTERPRETED BY THE 
IOM AS CONTAINING NO VALID DATA, 

CHANNEL USED CCU) FIELD THIS FIELD IS RESERVED FOR USE IN THE 
SQE Tn IDENTIFY THE CHANNEL USED BY 
THE IOM TO SERVICE THE SPECirlEO 
DEVICE, 

DtVICE VARIANT DErINES TH[ OPERATING PARAMETERS or 
<OV) FIELD THE ASSOCIATED PERIPHERAL DEVICE, 

LINK BIT <LB> SIGNIFIES A LINK TO ANOTHER DEVICE 
AFTER A NORMAL TERMINATION, 

LINK ADDRESS CLA> FIELD THIS rIELD IS USED BY THE IOM TO 
QUEUE REQUESTS TO ANOTHER DEVICE OR 
TO THE M[C, THE ADDRESS POINTS TO A 
DQE OR A ODQE WHICH IS LINKED TO ITS 
ASSOCIATED DE, 

HOME ADDRESS CHA> FIELD THIS rIELD IS USED IN CONJUNCT!ON 
WITH LA TO QUEUE REQUESTS TO OTHER 
DEVICES, 

IOM HOME ADDRESS 
<tDM•HA) rlELO 

THE VARIOUS DDQ[ FIELDS AREi 

ELEMENT TYPE (ET> 
rtELOS 

INTERRUPT BITS CINB> 

EXECUTED <EXE) BITS 

HEAD•WAAO LINK CHWL/H) 
rt ELD 

IOM NUMBER ASSOCIATED WITH HA, 

IOENTlrlES THE ELEMENT AS 
BEING A DOQE <CODE 1011) 

SPECIFtES WHETHER OR NOT THE 
ORIGINATING PROCESS WANTS TO BE 
NOTirlEO UPON COMPLETION or THE t/O 
OPERATION, 

CSAME AS SPECIFIED FOR OQE,) 

IOENTirIES THE LOCATION or THE DE 
ASSOCIATED WITH THE REQUESTED DISK 
AND IS ALSO USEO WHEN THE ODQE IS 
LINKED TO THE DE, 
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BYTE LENGTH (BL> F'IELD SPECIFIES THE TOTAL LENGTH or THE 
DATA To BE TRANSrERR[D TO OR rROM THE 
DISK FtLE SYSTEM, IN BYTES• 

OP CODE rlELD OE,INES TH[ 1/0 OPERATION REQUIRED or 
THE PERIPHERAL DEVICE. 

INSTRUCTION <INS) (SAME AS SPECirlED roR DQE.) 
CODE F'IELD 

NUMBER or RETRIES MAINTAINS A RECORD or THE NUMBER or 
(NR) F'IELD TIMES THE DDOE WAS INITIATED BEFORE 

BEING SUCCESS,ULLY EXECUTED CUSED roR 
AUTOMATIC RETRY OPERATION,) 

IMP ERROR (JMPE> BIT (SAME AS SPECIF'IED FDR OQE) 

QUEUER INSTRUCTION CODE THE INSTRUCTION CODE USED WHEN THE 
(QIC) QOE BIT IS SET IN THE ASSOCIATED DE, 

QUEUER OPERATION CODE THE OPERATION CODE USED WHEN THE 
coOC> QOE BTT IS SET IN THE ASSOCIATED DE. 

RESULT DESCRIPTOR CRO> (SAME AS SPECIF'IED F'OR DQE) 
Ft ELD 

LEVEL•1 ADDRESS IOENTIF'IES THE LEVEL•1 ADDRESS AT 
FJELD WHICH THE DATA TRANSF'ER IS TO START. 

CHANNEL USED CCU> FIELDS <SAME AS SPECIFIED FOR GENERAL OQE) 

DISK ADDRESS F'IELD CDA> IOENTirIES THE STARTING DISK ADDRESS 

B!T LENGTH <BL) rIELo 

INVOLVED IN THE DATA TRANSrER, 

USED IN CONJUNCTION WITH BL TO ALLOW 
DISK TRANSFER TO 8E SPECIFIED TO THE 
BIT, 

TYPICAL 1/0 INITIATION USING IOSM ··--··· ... ·········~ ..... -·-· 
A TYPICAL 1/0 OPERATION STARTS WHEN A PROCESS BEING PERrORMED BY A 
CPM REQUIRES THAT AN ASYNCHRONOUS TRANSrER or DATA BE MADE BETWEEN 
LEVEL•l AND LEYEL•J STORAGE:, WHEN 'THIS OCCURS# THE PROCE~S 
PREPARES A REQUEST WHICH CONTAINS• 
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A, A TERMINAL DESCRIPTION OF THE LEVEL•1 STORAGE AREA INVOLVED, 

e. AN OPERATION CODE WHICH DEfINES THE OPERATIONS REQUIRED or 
THE PERIPHERAL DEVICE, 

c, A TERMINAL DESCRIPTION OF A LEVEL•3 DEVICE, 

o, AN 1/0 COMPLETE CODE TO INDICATE WHETHER OR NOT THE 
REQUESTING PROCESS WANTS TO BE NOTlrIED WHEN THE 1/0 OPERATION Is 
COMPLETE, 

E, AN 1/0 INSTRUCTION CODE WHICH DEflNES THE OPERATIONS REQUIRED 
OF' THE IOM, 

THIS REQUEST IS PASSED TO IMP VIA A PROGRAMMATIC IMP CALL. IMP 
THEN PERFORMS FINAL COMBINE OPERATIONS ON THE TERMINAL DESCRIPTIONS 
PRESENT IN THE REQUEST. IF A rINAL COMBINE ERROR OCCURS• IMP WILL 
FAULT THE REQUESTING PROCESS, Ir NO FINAL CO~BINE ERROR CONDITIONS 
EXIST, IMP WILL USE THE ABSOLUTE DESCRIPTION or THE LEVEL•3 DEVICE 
<DEVICE VECTOR INDEX> TO SELECT1 FRO~ THE OEVICE VECTOR• THE 
POINTER TO THE APPROPRIATE OE• WHICH IT THEN READS ANO LOCKS, IMP 
THEN CHECKS THE DE TO ENSURE THAT TH[ 1/0 ERROR CIOER> BIT IS arr, 
AND THAT THE BUSY BIT IS NOT SET CONCURRENT WITH THE REQUEST COUNT 
FIELD BEING EQUAL TO ZERO· Ir ANY or THESE ERROR CONDITIONS EXIST, 
IMP WILL FAULT THE REQuESTlNG PROCESS. tr NO ERROR CONDTTIONS 
EXIST, IMP WILL CONSTRUCT A DQE WHICH WILL IDENTIFY THE I/O 
OPERATION REQUIREOe THE CONSTRUCTION OF THE DQE BY IMP INVOLVES 
THE FOLLOWING OPERATIONSI 

A, ALLOCATING STORAGE SPACE FOR THE REQUEST, 

Be DETERMINING THE BYTE COUNT TO BE PLACED IN THE REQUEST, THIS 
IS ACCOMPLISHED BY REAOING THE BYTE SIZE OF THE DEVICE FROM THE 
DE• AND USING IT TO INTEGER DIVIDE THE LENGTH FTELD or THE LEVEL• 
1 STORAGE DESCRIPTION SPECirlED BY THE REQUESTING PROCESS, 

Ct TRANSFERRING THE OPERATION AND INSTRUCTION CODES rROM TME 
PROCESS REQUEST TO THE REQUEST 8EING CONSTRUCTED. 

o. PLACING THE ABSOLUTE LEVEL•l STARTING ADDRESS or THE LEVEL•1 
STORAGE AREA INVOLVED IN THE REQUEST, 

Ee GENERATING ANO PLACING THE PROCESS IDENTIFICATION IN THE 
REQUEST, 
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IMP THEN LINKS THE OQE INTO THE BOTTOM OF THE APPROPRIATE DEVICE 
QUEUE1 AS POINTED TO IN THE DEVICE QUEUE TAIL LINK 'IELO IN THE 
APPROPRIATE DE, THE DEVICE QUEUE TAIL LINK FIELD IS THEN UPOATE01 
AND THE REQUEST COUNT CRC> rlELO IS INCREMENTED. THE DE IS THEN 
WRITTEN BACK INTO MEMORY1 UNLOCKING THE ELEM[NT, 

IF THE REQUEST COUNT FIELD or THE DE WAS ORIGINALLY ZER01 IMPLYING 
THERE WERE NO JOBS ALREADY QUEUED FOR THE REQUESTED DEVICE• THE OE 
ADDRESS IS SENT TO THE "HOME DEVICE" rIELD or ALL THE I/O MODULES 
IDENTIFIED IN THE DEVICE VECTOR AS HAYING PATHS TO THE OEVICE1 ANO 
THESE I/0 MODULES AR[ NOTirlEO or THIS ACTION VIA AN INTERRUPT eus. 
IF THE REQUEST COUNT or THE DE WAS NOT EQUAL TO ZERO• THE OQE WOULD 
JUST BE LINKED INTO THE BOTTOM OF THE DEVICE QUEUE1 AND 
NOT1FICATION or THE l/O MODULES WOULD NOT BE NECESSARY, 

THE PROCESSOR IS THEN FINISHED WITH THE IO OPERATION ANO CAN DO AN 
IMP RETURN, IF THE ELEMENTS IMP ATTEMPTED TO READ FROM THE IOSM 
NERE LOCKE01 IMP MUST WAIT TO QUEUE THE OQE UNTIL THEY ARE UNLOCKED, 

FUNCTIONAL IOM DIVISION 
··-······· ... -·-···--
THE IOM IS FUNCTIONALLY DIVIO£D INTOI 

A, TRANSLATOR UNIT CTU1) 

e, MEMORY INTERFACE UNIT (MIU>. 

C, DATA SE~VICE UNIT CDSU), 

TRANSLATOR UNIT 

THE TU IS A SPECIALIZED PROCESSOR. THE TU IS THE IOM MECHANISM 
WHICH SERVICES THE 1/0 REQUESTS, BV ADDRESSING THE 1/0 SUBSYSTEM 
MAP TO DETERMINE TME LOCATION OF THE DOE HOLDING THE SERVICE 
REQUEST AND D£TERMINE THE PATHS AVAILABL[ TO DEVICE BEING SERVICED. 
THE TRANSLATOR RESPONDS T01 

At N£N REQUEST INITIATIONS. 

Bt DATA SERVICE COMPLETE CONDITIONS, 

Ct IMP AND IOM ERROR CONDITIONS, 

o, DtSK QUEUER INITIATED I/0 OPERATIONS AS AN EXPLICIT MODE or 
OPERATION, 
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MEMORY INTERFACE UNIT 

THE MIU WILL PER,ORM ALL LEVEL•t TO LEVEL•3 TRANSFERS, THE MIU 
WILL HANDLE THESE TRANSFERS AS FIELDqORIENTEO OPERATIONS ON A 
PREASSIGNED BASIS 0, PRIORITY, THE PRIORITY IS 8ASEO ON THE 
FUNCTIONAL UNIT MAKING THE REQUEST, CSEE SPECIFICATION CP 1760• 
0008 FOR DETAILS), 

DATA SERVICE UNIT 

THE DSU IS COMPOSED OF1 

A, A DATA COMMUNICATION PROCESSOR INTERFACE UNIT• WHICH 
INTERFACES WlTH DATA COMMUNICATION DEVICES, 

Be A MULTIPLE WORD DEVICE INTERFACE UNIT WHICH INTERFACES WITH 
EXTREMELY FAST DEVICES, AS OEFINEO IN SPECirICATIONS CP 1760• 
12201 CP 1720•44541 AND CP 1904•3223, 

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

ALL THREE UNITS WILL WORK ASYNCHRONOUSLY WITH THEIR DEVICE 
CONTROLLE~S (SEE SPECIFICATION CP 1760•0008 FOR O~TAILS>, 

RELATED SPECIFICATIONS 

MEMORY MODULE 
INTERPRETER 
J/O MODULE 
88500 GENERAL SPECIFICATION 

RELATED HARDWARE SPECIFICATIONS 

·····-· ···----- --·-----------

A, CARD READERS 
•• • ••••••••••• 

8 9111 
B 91!2 

80<> CPM 
14()0 CPM 

1 1657 
1 t657 

CP1720•5576 
f:Pl720•51592 
f:Pt 760•0008 
:L761•2045 
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Be CARD PUNCH 
•• • ••••••••• 

8 92tl ~~00 CPM 

Ct PRINTERS 
•• ••••••••• 

a 9242 
B 9243 

815 LPM 
J.040 LPM 

Dt PAPER TAPE READER 
•• ••••• •••••••••• 

8 9120 

Et PAPER TAPE PUNCM 
•• ••••• ••••••••• 

B 9220 100 CPS 

F". MAGNETIC TAPE UNITS 
•• -········ ..... . .... 

B 9381 36 KB CLUSTER, 
B 9382 72 KB CLUSTER• 

1188 2271 

78 411 
78 411 

1187 9376 

1187 9384 

4•5TA, (9•eH,800 BPI) 
4•5TA, C9•eH, 1600 BPil 

8 9383 9•25•36 KC Cle14•STA1 C7•CH,200 556 800 BPI> 
B 9391 18•50•72 KC MeTe UNIT (7•cH, 200 556 800 BPI> 
8 9392 72 KB M.T. UNIT C9•CH, 800 A"P I> 
8 9393 144 KB M,T. UNIT C9•CH, 16001 BP I> 
B 9394 24•66•96 KC M•T• UNIT cr•eH. 200 556 800 BPI> 

1630 
1630 
1630 

1129 

1129 

Gt DISK F"lLES (SYSTEMS MEMORY AND MODULAR RANDOM STORAGE> .. .... ..... ····--·- ·----· --- ····--· -----· -----··-
B 9372•1 10 MILLION BYTE STORAGE 20 MS 1630 0626 
B 9372•7 20 MILLION BYTE STORAGE 23 MS 1122 5265 

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. 

6• 17 

0824 
0824 
0824 

1218 

12t8 



1761•2045 

H, DISK rILE CDATA MEMORY BANKS) 
•• •••• •••• ••••• • ••••• • ••••• 

B 9375•0 100 MILLION BYTE STORAGE ?3 
B 9375•2 100 MILLION BYTE STORAGE 40 
B 9375•3 100 MILLION BYTE STORAGE 60 

I, DISK rlLE ELECTRONIC UNITS .. . ....... ··-------- .... . 
a 9371•1 ~rEu raR e 9372•1 
B 9371•2 OYEU roR 9 9312•7 

tl 98 07718 
1122 5273 

Jt DATA COMMUNICATION DEVICES .. .... ----········· ···-··· 

MS 1122 5265 
MS 1t22 5265 
MS 

B 9350 TYPEWRITER INQUIRY STATION 1187 9756 

Kt DATA COMMUNICATION CONTROL -· .... ·····•······• ---·-·· 
B 6350 
B 7350 

OATA COMMUNICATION PROCESSOR 
DATA COMMUNICATION PROCESSOR 

Lt MULTlPLr TAPE LISTER 
•• •••••••• •••• •••••• 

1141 8225 
1141 8225 

B 9244 SIX TAPE DRUM LISTER 1631 0096 

Mt MICR SORTER READER 
•• •••• •••••• •••••• 

B 9130 
B 9131 
B 9132 

2149 5454 
1149 5454 
1149 5454 
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N, REMOTE COMPUTERS .. ······ ---·····-
TC 500 
8 500 
B 2500l 350Ct 
B 5500 
B 65001750Ct 

1631 0963 
1121 0606 
1631 0963 
1128 7505 

Q, DISPLAY DEVICES ·- ······· ...... . 
INPUT AND DISPLAY 
INPUT AND DISPLAY 

'? ~ 110 CONTROL 
""'* ••• -------

1700 289~1 
1718 1777' 

B 85t2 INPUT/OUTPUT MODULE CP1760 0008 
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SECTION 1 

OPERATORS CONSOLE 

INTRODUCTION 
·--········· 
THE OPERATORS 
COMMUN l CAT 1 NCi 
CONSISTS OF' 

CONSOLE PHOVIDES TH£ OPERATOR WITH FACIL1Tl£S FOR 
WITH TM£ 88500 SYSTEM. THE OPERATORS CONSOLE 

A SUPERVISORY DISPLAY AND AN OPERATORS CONTROL PANEL, 

SUPERVISORY DISPLAY 
··-········ "······ 
THE SUPERVISORY DISPLAY INCLUDES A 7•1NCH BY 8,S•INCH CATHOOE•RAy 
TUBE MONITOR SCREEN DISPLAYING UP TO 24 LINES OF' 40 CHARACTERS EAr.H, 
THE DISPLAY PROVIDES THE CAPABILITY OF DISPLAYING 69 DIFFERENT 
CHARACTERS PLUS A CURSOR WHICH IS USEn TO INDICATE THE ACTIVE INPUT 
POSITIONt J:NPUT FROM THE KEYBOARD AS WELL AS OUTPUT rROM THE 
SYSTEM IS DISPLAYED, THE KEYBOARD INCLUDES A CONVENTIONAL 
TYPEWRITER KEY ARRANGEMENT PLUS SPECIAL CHARACTERS ANO CONTROL KEVS. 
KEYS ARE ELECTRICALLY INTERLOCKED TO PREVENT ACTIVATION or MORE 
THAN ONE KEY AT A TIME, 

OPERATORS CONTROL PANEL 
•••••••••••••••• ••••• 

THE OPERATORS CONTROL PANEL CONTAINS SWITCHES AND INDICATORS NEEDED 
FOR OPERATING THE SYSTEM BUT DOES NOT INCLUDE SWITCHES ANO 
INDICATORS USED IN SYSTEM MAINTENANCE, THE CONTROL PANEL ALSO HAS 
A CONVENIENT WORK SURrAcE. 
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CONTROL PANEL SWITCHES 
••••••• ••••• • ••••••• 

THE CONTROL PANEL CONTAINS TH£ FOLLOWTNGI 

LOAD SWITCH 

THE LOAD SWITCH IS USED TO START OPERATION or THE SYSTEM, THE LOAD 
SWITCH CLEARS ALL CONTROL~ERS• LOAns DATA FROM A DESIGNATED CARD 
READER OR DIS~ CDEPENDING UPON THE SETTING OF THE LOAD SELECT 
SWITCH> INTO ADDRESS 0 OF THE D£StGNATED LEVEL•t MEMORY MODUL£1 AND 
INITIATES THE C~M DESIGNATED BY THE DESIGNATE SWITCH, 

LOAD SELECT SWITCH 

THE LOAD SELECT SWITCH HAS TWO SETTINGS WHICH, UPON ACTIVATION OF 
THE LOAD SWITCH- PROVIDE ONE OF TME FnLLOWlNG ruNCTIONSa 

A, cAROI THE "CARD" SETTING IS USED TO READ A BOOTSTRAP PROGRAM 
INTO THE SYSTEM FROM A CARD REAnER, 

8 1 OJSKI THE "DISK" SETTING OF THE SELECT SWITCH IS USED TO READ 
IN A AOOTSTRAP PROGRAM FROM DISK, 

DESIGNATE SWITCH 

THE DESIGNATE SWITCH IS USED TO SPECIFY THE NUMBER OF THE CPM WHICH 
WILL BE AFFECTED BY ACTIVATION or THE HALTP RESTART• OR LOAD SWITCH. 

HALT SWITCH 

THE HALT SWITCH CAUSES THE CPM INDICATED BY THE DESIGNATED SWITCH 
TO EITHER STOP AT COMPLETION OF THE CURRE~IT OPERATION' TREAT HALTS 
ON NO•OP OPERATORS1 OR TO STOP WHEN THE VALUE Of THE ADDRESS 
REGISTER IS EQUAL TO THE VALUE OF THE STOP•ADORESS REGISTER, 

The proprietary infornation contained in this document is the property of the Bu.rroughs Corporation and should 
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RESTART SWITCH 

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

POWER•ON SWITCH 

THE POWER•ON SWITCH CAUSES POWER TO BE SUPPLIED TO THE SYSTEM, 
PERIPHERAL DEVICES HAVE THEIR OWN POWER CONTROL SWITCHES AND ARE 
NOT ArFECTEO 8Y THIS SWITCHe 

POWER•OF'F' SWITCH 

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

RELATED HARDWARE SPEClrICATIONS 
••••••• •••••••• • ••••••••••••• 

89352 INPUT ANO DISPLAY TERMINAL 1718 1777 
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SECTION 8 

DIAGNOSTICS AND CONFIDENCE TESTING 

INTRODUCTION 
-----······· 
DIAGNOSTIC AND CONFIDENCE TESTING FOR THE 88500 IS DIVIDED INTO 
DFF•LINt STATIC TESTING AND ON•LINE DYNAMIC TESTING, THE OFF'•LINE 
TEST FACILITY :rs THE MAINTENANCE DIAGNOSTIC PROCESSOR (MOP) AND THE 
ON• LINE TEST f~ACILITY IS THE AUTOMATIC DIAGNOSTIC SUBSYSTEM CADS>, 

MAINTENANCE DIAGNOSTIC PROCESSOR CMDP> •········•· ···-·-···- ............. . 
THE MAINTENANCE DIAGNOSTIC PROCESSOR CMDP> IS ACTIVATED WHEN THE 
PRESENCE or A RECURRING HARDWARE ERROR BECOMES APPARENT. THE MOP 
PERMITS AN EXHAUSTIVE TEST or ALL PROCESSORS CCPU1 IOM• MEC, ETCe> 
AND ALL PRIMITIVE FUNCTIONS WITHIN TH~M. 

SHOULD THIS HARDWARE ERHOR BE VALIDATED BY THE ADS, IT THEN BECOMES 
POSSIBLE roR THE SYSTEM TO DETECT AND FOR THE MOP TO RESOLVE AN 
ERROR cnNOITlON WITHOUT STOPPING THE ~NTIRE SYSTE~. 

AUTOMATIC DIAGNOSTIC SUBSYSTEM CADS> 

--------· ---···---- --------- ----· 
THE ADS EST AB l. I SHE S AND MA I NT A I NS SY STE M PE RF' 0 RM A NC E • I F" AN E RR 0 R 
EXISTS, THE ADS WILL INITIATE THE NECESSARY LEVELS OF TESTING TO 
ISOLATE A REASONABLE LOGIC STRING WHXLE THE DEGRADED SYSTEM 
CONTINUES WITH USEFUL WORK, 

THE ADS WILL BE SCHEDULED BY OUTSIDE INTERVENTION TD PERFORM 
PERIODIC SYSTEM TESTING• THE ADS WILL BE SUPPLIED ALL REQUIRED 
RESOURCES, INCLUDING A TIME rRAME1 TO PERFORM A GIVEN TEST ruNCTinN. 
roR EXAMPLE• THE AOS WILL BE ACTIVATED AND PASSED THE REQUIRED 
RESOURCES TO TEST A DISK rlLE STORAGE UNIT WHICH HAS BEEN 
INDICATING ERRORS, OR THE OPERATOR WILL REQUEST THE ADS TO EXECUTE 
A SYSTEM CONrIDENCE CHECKe 
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THE ADS OPERATES IN DETECTION AND ISOLATION MODES, IN DETECTION 
MODE• SYSTEM CONFIDENCE IS MAINTAINED BY TH£ EXECUTION or 
CONrlDENCE ROUTINE SEGMENTS THAT AR[ STRUCTUR[D TO THE COMPLEXITY 
or USER PROGRAMS, Ir AN ERROR IS OETECTE01 THE ADS WILL ENTER THE 
ISOLATION MODE WHERE A WELL•DEFINEO SEQUENCE• DETERMINED BY THE 
CDNrIDENCE SUArUNCTION THAT O£TECTS THE ERROR1 WILL BE EXECUTED. 

THE ADS CONTAINS A SYSTEMS CONFIDENCE FUNCTION CSCF>1 WHICH IS 
lMPL£MENTED BY INVOLVING AS MUCH or THE OPERATING SYSTEM 
CAPABILITIES AS POSSIBLE. THE SC~ CONSISTS or DATA PROCESSING1 
COMPUTATIDN1 AND LIST PAOC£SSING TEST SEGMENTS, FDR EXAMPLE1 A 
SEGMENT IN THE DATA PROCESSING SUAFUNCTION MIGHT WELL BE A SORT 
PROBLEM THE RESULTS OF WHICH ARE CHECKED ''GAINST KNOWN SORTED DATA. 
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ACCESSING 

ADDRES:S SPACE 

ALLOCA"rE 

ATTRIBUTE 

eINOINCi 

DEALLOC:ATE 

DESCR I P'T I ON 

DESCRIPTOR 

S£CTION 9 

GLOSSARY 

TRANSrDRMING A LOGICAL 
NAME TO A PHYSICAL 
LOCATION, 

THE SET or STORAGE ANO 
DEVICES ACCESSIBLE BY THE 
PROCESS. 

BIND A STRUCTURE TO A MORE• 
GLOBAL STRUCTURE. 

A CHARACTERISTIC or AN OBJECT 
THAT CAN BE INTERPRETED BY 
THE SYSTEM, 

THE ASSOCIATION or A SPACE TO 
AN OBJECT IOENTlrIEO IN A 
PROCESS, 

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

SEE STRUCTURE, 

SE£ DESCRIPTION, 
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DISPATCHING 

ELEMENT 

CO~TAINER ELEMENT 

SIMPLE ELEMENT 

rAULT 

EXTERNAL rAULT 

I NH:RNAL r AULT 

LOC~LLY EXTERNAL F'AULT 

F'IELD 

F'IELO ISOLATION UNIT 

THE ACTION INVOLVED IN 
RECOGNIZING MESSAGES rROM 
SUBNODES ANO EITHER 
TRANSMITTING THE MESSAGES OR 
!•ERV IC I NG THEM• 

AN ACCESSIBLE CONTIGUOUS SET 
CtF" BITS, 

A CONTIGUOUS SET or BITS 
WHICH BOUND A STRUCTURE, 

AN ELEMENT WHICH, FOR A GIVEN 
STRUCTURE• HAS NO 
SUBSTRUCTUREJ THAT IS1 THE 
ELEMENT CANNOT BE PARTITIONED 
INTO A SET or ELEMENTS. 

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

A rAULT IN WHICH AN ANCESTOR 
PROCESS IS TO RECEIVE CONTROL 
ON OCCURRENCE IN THE COMPOUND 
PAOC[SS, 

A fAULT WHICH THE PARENT 
PROCESS DELEGATES TO A 
SUBPROCESS, 

A F'AULT IN WHICH THE PARENT 
PROCESS WANTS TO RECEIVE 
CONTROL ON THE OCCURRENeE IN 
ntE SUBPROCESS, 

AN ELEMENT WHICH IS TREATED 
AS AN ENTITYJ THAT IS, THE 
ELEMENT IS TREATED AS If IT 
HAS NO SUBSTRUCTURE, 

A MODULE WHICH SERVES AS THE 
INTERF'ACE BETWEEN THE CPM ANO 
MEMORY STORAGE UNITS, 
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,REE :SPACE 

!NTERl'RETER 

INTERRUPT 

LEAf'WARD 

LENGTH 

LEVEL"1 

LINKEC> LIST 

LOCATION 

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

NAME PROCESSING ELEMENT IN 
THE CPM, 

A MEANS FOR MODULES or THE 
SYSTEM TO COMMUNICATE WITH 
EACH OTHER, 

A TERM USED TO INDICATE THE 
DIRECTION FROM A PROCESS 
TOWARD THE SUBPROCESS IN A 
PROCESS TREE. (OPPOSITE or 
ROOTWARO), 

THE NUMBER or BITS IN A rI£LD. 

MAIN MEMORY STORAGE, 

LEVEL•t BACKUP STORAGE, 

PERIPHERAL UNITS, 

A CONTAINER ELEMENT 
PARTITIONED INTO A SET or 
ALLOCATED [LEMENTS ANO A FREE 
SPACE, EACH ALLOCATED 
ELEMENT COR LIST ELEMENT> IS 
PARTITIONED INTO A LINK 
ELEMEHT ANO AN INFORMATION 
ELEMENT, EACH LINK ELEMENT 
IS A SET or REFERENCES WHICH 
DEFINE THE PATH TO THE 
LOGICALLY ADJACENT LIST 
ELEMENT, 

THE ,IRST BIT, 
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MEMORY STORAGE UNIT 

MULTIPROCESSING 

MULTIPROGRAMMING 

NAME 

NESTED 

NODE INDE~ VECTOR 

OBJECT 

PREEMPT F'UNCTION 

THE LEVEL•t STORAGE MODULES, 
THE MEMnRY STORAGE UNITS AND 
FIELD ISOLATION UNITS 
TOGETHER MAKE UP LEVEL•t 
STORAGE, 

THE SIMULTANEOUS OR 
INTERLEAVED EXECUTION or TWO 
OR MORE PROGRAMS OR SEQU[NCES 
or INSTRUCTIONS BY A COMPUTER 
NETWORK, 

THE INTERLEAVED EXECUTION or 
TWO OR MORE PROGRAMS BY A 
COMPUTER. 

STACK NUMBER, LEXIC LEVEL1 
DISPLACEMENT• OR 
LEXIC LEVEL• DISPLACEMENT, OR 
DISPLACEMENT 

TO BE INCLUDED WITHIN 
ANOTHER, AS1 FOR EXAMPLE, A 
SUBPROCESS WORK SPACE IS 
CONTAINEO WITHIN THE WORK 
SPACE or A PARENT PROCESS. 

THE PATH FOLLOWED BY THE 
INTERPRETER TO REACH ITS 
CURRENT PROCESS IN THE 
PROC£SS HIERARCHY, 

A~Y STRUCTURE WHICH IS 
ACCESSED AS A ·SIMPLE ELEMENT, 

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

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 

PROCESS 

ANC:E S TOR PROCESS 

COMPOUND PROCESS 

ELEMENTARY PROCESS 

GLCtBAL PROCESS 

NE'.S.TED PROCESS 

NOCJ1E PROCESS 

PARENT PROCESS 

SON PROCESS 

PROCESS CALL 

PROCESS RETURN 

EXECUTION OF' PROGRAM CODE BY 
'~ PROCESSOR 1 

A PROCESS THAT IS A 
PREDECESSOR or A PROCESS. 

AN ORDERED SET or PROCESSES 
OR THE TREE STRUCTURE OF 
NESTED PROCESSES CALSO CALLEO 
PROCESS SUBTREE>. 

'~ LEAF' PROCESS, 

THE PARENT PROCESS or EVERY 
OTHER PROCESS IN THE SYSTEM. 

~ PROCESS WHICH HAS NO sue• 
PROCESS, A LEAF PRocrss 
BECO~ES A NOOE PROCESS BY 
CREATING SUBPROCESSES, 

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

A PROCESS WHICH MANAGES SUB• 
F1ROCESSES, 

THE PROCESS THAT CREATED THE 
P1RESENT PROCESS• 

A QUEUE OF MESSAGES 
ESTA8LISMED FOR [ACH PROCESS. 

A PROCESS CREATED BY A PARENT 
P1ROCESS, 

AN IMP SCHEDULING FUNCTION 
THAT ESTABLISHES A NEW 
PROCESS IN THE HIERARCHY BY 
ADDING A NEW PROCESS 
DEF'INITION TO THE RESOURCE 
STACK AND ACTIVATING TH£ NEW 
PROCESS, 

AN IMP SCHEDULING FUNCTION 
THAT ALLOWS roR THE RETURN or 
A PROCESSOR TO A PARENT 
PROCESS, 
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PROCESS SUBTREE 

PROCESSOR 

PUSHDOWN 

QUEUE 

11tEAD 

REF'ERENCE 

ROOT WARD 

SCHEDULING 

SEGMENT 

SEGMENT CONTAINER 

SEGMENTATION 

A SET or SUBPROCESSES OR THE 
TREE STRUCTURE or NESTED 
11=tROCESSES, 

A PROCESSING ELEMENT WORKING 
ON A PROCESS SPACE, 

A STACK or VARIABLE•LENGTH 
ELEMENTS, 

A CONTAINER ELEMENT WHICH IS 
PARTITIONED INTO ALLOCATED 
ANO FREE SPACE. THE 
ALLOCATION RULE IS "~IAST•IN1 
f~IRST•OUT," 

THE OPERATION WHICH OBTAINS A 
COPY or A SPECIFIED ELEMENT 
J:N A STRUCTURE, 

·TERMINAL DESCRIPTION or A 
F'IELD, 

A TERM USED TO INDICATE THE 
DIRECTION TOWARD THE ANCESTOR 
PROCESSES IN THE PROCESS TREE, 
<OPPOSITE or LEArwARD>. 

THE OPERATION or SELECTING 
ANO ACTIVATING A SUBPROCESS 
OR RETURNING TO A PARENT 
PROCESS, 

A PORTION or INFORMATION 
PERTAINING TO A PROCESS, 

ALLOCATED STORAGE WHICH HOLDS 
OHE OR MORE SEGMENTS, 

A METHOD OF RESTRUCTURING or 
INFORMATION FROM ONE 
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SET 

STACK 

STRUCTURE 

COMPLEX STRUCTURE 

COMPOSITE STRUCTURE 

SEQUENTIAL STRUCTURE 

SUBPRDCE:;s 

TEMPLATE 

9• 1 

CONTAINER TO MULTIPLE 
C:ONTAINERS, 

A COLLECTION OF ELEMENTS, 

' STORAGE AREA SUCH THAT 
ITEMS ENTERED INTO IT CAN BE 
REMOVED ONLY IN A FIRST•IN• 
LAST•OUT ORDER AND CONTAINING 
A SET or CONTIGUOUS- EQUAL• 
l. ENG TH ELEM EN T S • 

AN ORDERING or 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 ELEMENT1 FOR 
EXAMPLE• A STACK OF STACKS• A 
STACK OF VECTORS· A VECTOR or 
STACKS• ETC, 

A PHYSICAL LOCATION WHICH MAY 
BE ACCESSED BY DIFFERENT 
STRUCTURE DISCIPLINES1 THAT 
IS• A ~APPING Of DIFFERENT 
STRUCTURES ONTO THE SAME 
PHYSICAL LOCATION, 

A STRUCTURE IN WHlCH1 GIVEN 
AN ELEMENT• El• IN THE 
STRUCTURE• THE NEXT ELEMENT 
El+t, IN SUCCESSION IN THE 
STRUCTURE MAY BE FOUND IN A 
Ul~IQUE MANNER, 

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

A DESCRIPTION 
BEEN BOUND TO 
STRUCTURE, THE 

WHICH HAS NOT 
AN ALLOC:ATED 

STRUCTURE 
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TERMINAL DESCRIPTION 

WORK SPACE 

VECTOR 

WRITE 

EXPRESSION CONTAINS A CALL 
OPERATOR WITH A MEANINGLESS 
"LL• 0" ADDRESS, 

A SEGMENT CONTAINER RELATIVE 
DESCRIPTION, 

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

A SEQUENCE or EQUAL-LENGTH, 
CONTIGUOUS ELEMENTS IN WHICH 
EACH ELE~ENT IN THE VECTOR IS 
ACCESSED BY AN INDEX VALUE, 
roR EXAMPLE• THE INOEX VALUE 
MULTIPLIED BY THE LENGTH or 
THE ELE~ENT IS ADDED TO THE 
LOCATION FIELD or THE 
CONTAINER or THE VECTOR TO 
GIVE THE LOCATION FIELD or 
THE ELEMENT DESIRED), 

THE OPERATION WHICH REPLACES 
THE CONTENTS or 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 IN THIS APPENDIX ARE MEANT TO BE 
rUNCTIONAL REPRESENTATIONS ONLY· rOR THE ACTUAL HARDWARE 
IMP~EMENTATION1 RErER TO CP 1720•5592 <DETAILED DESIGN 
SPECirICATION roR 88502 CENTRAL PROCESSOR MODULE>. 

APPENDIX A PRESENTS I~STRUCTION MICRO•SEQUENCES ANO ILLUSTRATIONS 
or THE ATTRIBUTE STACK (AS) ANO STATE WORD (SW) BEFORE, OURING1 AND 
ArTER TYPICAL STRUCTURE MANIPULATIONS. 

STANDARD MICRO•OPERATORS us£o IN THE INSTRUCTION SEQUENCES ARE 
DEFINED BY THE STEPS WHICH FOLLOW THE NAME 0, THE MICRO•OPERATnR 
<SEE TABLE A•t), 

WITHIN AN INSTRUCTION SEQUENCE• AN AsO ON THE RECEIVING SIDE or AN 
OP!RATION INDICATES A WHITE•OVERJ AN ASO OR Ast, ETC, ON THE 
SENDING SIDE INDICATES DEPTH IN T~E STACK" CASO INDICATES THE TOP or 
THE STACK), 

THE ATTRIBUTE STACK IS SHOWN ON THE TOP OF EACH ILLUSTRATION, THE 
NUMBERS AT THE LEFT or THE ATTRIBUTE STACK CORRESPOND TO THE 
NUMBERS PRECEDING EACH STEP or THE INSTRUCTION SEQUENCE ANO 
INDICATE AN ENTRY IN THE STACK• THE NUMBERS Tn THE RIGHT OF THE 
ATTRIBUTE STACK INDICATE A STACK OELETION. THESE DELETIONS ARE 
ALSO INDICATED BY A CROSSHATCH O~ THE ILLUSTRATION, NOTICE THAT 
NOT ALL STACK ENTRIES ARE DELETED DURING AN OPERATION, 

THE STATE NORD IS SHOWN AT THE BOTTOM or EACH ILLUSTRATION, WHEN 
AN INSTRUCTION SEQUENCE DOES NOT CHANGE THE STATE WORD• A STATE 
WORD ILLUSTRATION IS NOT PROVIDED, 

WHEN A CONST~ucT EXAMPLE IS NOT ACCOMPANIED BY AN ILLUSTRATION THE 
EXAMPLE IS ID!NTICAL NITH THE REMOVE EXAMPLE• EXCEPT THAT THERE ARE 
NO CHANGES IN THE STATE WORD, 
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TABLE A•t. STANDARD MTCRO•OPERATORS 

--------------------·---------------

<BRANCH> 11= <DPCRO, AC, LC + ASU, AC, LC> <DEL AS. AC, LC> 

<CALL> 11: <OPCR, AC, LC + ASO, AC, LC> <DEL AS, AC, LC> 

<COMBINE> II= <Aso. AC + ASO, AC + ASO, AE> 
<ASO, LC + ASO, LE> <DEL AS, Af, LE> <BOUNDS CHECK> 

<CSP CM)> 11: <CSPR + M> <ASO, AE + ASO, AE +LENGTH CM>> 
<ASO, LE + ASO, LE + LENGTH CM>> 

<DEL A> 11: <AS,A +EMPTY> 

<OUP A> II= <AS,A + ASO.A> 

<EOQ, "L"> 11: <OUP AS, AC1 LC1LE> <ASO, A[+ "L"> 
<DUP AS,AE> <COMRINE> <+ SEQUENCE> <~~ANCH> 

<EXCH AS.f> ::= <AS,r + AS1,F> <AS2.r. EMPTY> 

<FETCH TO CX)> ::: <X + CUNTr.NTS OF LEVEL•l 5TORAGE AT AS.AC, LC> 

< +Mon SEQUfNCE> II= <Aso. AE • (A~O. AE + ASO, LE> 
MDU ASO, LC> <SW, AE + ASO,AE> 

<MOVE (P)> 1:: <CONTAIN[~ CASO, AC1 LC> +CONTENTS CP>> 
<OEL AS. AC1 LC> 

<RET> 11: <DPCRO,AC,LC +EMPTY> 
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TABLE A•t, STANDARD MICRQ•OPERATORS (CONTINUED> 
···········-·····---·-···-··--·-················ 

<RTS> al• <AS,AC1LC • DPCRO,AC1LC> <DPCR01AC1LC • EMPTY> 

< + SEQUENCE> II• <Aso. AE • ASO, AE + ASO, LE> 
<SW, AE • ASO, AE> 

<+SEQUENCE AS,AE> 11• <AS,AE • AS,AE + AS,LE> 

< + SEQUENCE, SW> 11• <SW, AE • ASO. AE + ASO, LE> 

< • SEQUENCE> II• <ASO, AE • ASO, AE • ASO, LE> 
<SW,AE • ASo,AE> 

<•SEQUENCE AS,AE> 11• <ASO,AE • AS01AE • ASOeLE> 

<SELECT> ••• <ASO. AE • Aso. A[ + CASO, LE x AS1. LE>> 
<DEL ASO, LE> 

<SSW> 11• <RETURN SW TO MEMORY> 

<STORE FROM CX)> 11• <LEVEL•t STORAG~ AT CAS,AC, LC>• <X>> 

<R> 11• <END OF INSTRUCTION STRING> 

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 authori·zation of the 
Burroughs Defense, .:>pace and Special Systems Group, Paoli, Penns:ylvania. 
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AE 

VECTORS ' ----··· 
11 

14-LE_., II 
t 
AC

4 LC ~ 
I 

CONSTRUCT 

2 , A S , L E • p· , I 

3, SEU"CT 

4, COMRINE 

5, R 

©©© <D© 

<D ©© 
HTRIBUTE mcl 

IO STATE IORD CHUGE 

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. 
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rtfLO ··---

CnNSTRUr,T 

?. COMRINE 

3 • R 

The proprietary information contained in this document is the property of the Burroughs Corporation and should 
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Burroughs Defense, Space and Special Systems Group, Paoli, Penn.9ylvania. 
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STACKS 
•••••• 

ENTER 

11 

t--4---
AC 

2, + SEQUENCI~, SW 

3, COMAINE 

4, SSW 

5, R 

LC 

@ AC+ AE LE 

<D 
ATTRIBUTE STACK 

L,_~c _____ Lc _____ A_E __ .....__L_E~ 

REMOVE 

2, • srouENCE 

3, COMRINE 

4, SSW 

5, R 

@ © AC +AE -LE 

<D 

AC 

AC 

LC AE +LE 

STATE WORD 

LE 

®© 

AHR I BUTE STACK 

ILC AC I~ 
© 

I~ ILC AE - LE 

STATE IORD 

The proprietary infcrmation 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 author:[zation of the 
Burroughs Defense, Space and Special Systems Group, Paoli, Pennsylvania. 
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c:oNSTRUCT 

2. • SEOIJENCF' 

3. COMRINE 

4 • R 
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A• 8 

S TACK•VECTORS 
AE ·-···-·-·-··· AEB 

' t 
I 1 

l+-LE ... I I 
t ... LC • AC 

ENTER 

t • AS,AC1LC,Af~•LE: .. SW,AC1LC1AE,LE 

2. + SE 0 lJ E NC E'. .• SW 
© AC+ AE LE 

3, COMRI~E 

4, SSW CD 
5, R 

ATTRIBUTE STACK 

~I LC AEB AE LE 

REMOVE 
~I-__ L_c ____ A_Ee __ l~A_E_~_L_E~l __ L_E__, 

STATE WORJl 

2, • SEQUENCE 

:3. 

... 
COMBINE 

SSW CD© ACtAE-LE LE © 

R CD ©CD 
ATTRIBUTE STACK 

LAC I LC I~ AE8 
LAC I I 

© 
LC AEB AC-LE8 

STATE WORD 

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

2. LE •i- P.I 

3. SELE'CT 

•• CO MAINE AC + AEB + I X LE LE AE8 +IX LE I 

R AC AE m LE 

ATTlllUTE nm 

AC LC AEI AE I ~ 
AC I ~ AEI AE I~ 

STATE 10110 

The proprietary infoi:'Illation contained in this document is the property of the l9urroughs Corporatie>n and should 
not be released to other than those to whom it is directed, or published, wi1thout written authorization of the 
Burroughs Defense, Space and Special Systems Group, Paoli, Pennsylvania. 
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PUSHDOWN H ACI< ........ ----· 

ENTER 

3. AS.IE+ 0 

4, CSP rAS.LE • "Lr"1RET1NnP) <"LE" • 
ASO.Ar • ~W,AS> <PROG LEN~TH = LE> 

5. EXCH AS,Ar 

1, COMRl~E 

8. s w I A E .. A ~· I A E ®@ 

<D© 

to. COMRI~E @CD 

11 I SSW CD 

12. R 
ATTRIBUTE STACl 

.__ ___ Ac ____ ...._ ____ L_c __ ___.. ____ A_s ____ .__ ___ AE ____ .I ___ ~ 

© © 
AC LC AE AE +LE LE 

SUH WORD 

<D 

CD®® 

©CD 

@® 

The proprietary information contained in this document is the property of the Eiurroughs Corporation and should 
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REMOVE 

1 • 

2. 

3, 

"· 
5, 

6, 

1, 

6, 

9, 

10. 

t 1 • 

12. 

AS,AC1LC1AE1LE .. SW,.AC1LC1AS1LE 

OUP AS,AC1LC1AE 

COMRINE 
®© ® 

CALL 
©<D© ©@® 

A~.LE .. "LE" 
©CD ©© 

RF"T 
CD ©<D® 

• S£QtlENC r ATTRIBUTE SHCK 

ASO,U'.' .. ~w.u.: 
AC LC AS LE 

+ SF.'QIJENCI~ 

COMRINE AC LC 
<D @ _J 

AS -'LE' AS -'LE'+ LE LE 
.....__ ________ ~-~.--..___-

SSW STATE WORD 

R 

The proprietary information contained in this document is the property of the Burroughs Corporation and should 
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PUSHDOWN AE -------- l,.._LE__.t 
~===fll==J ='t ='=' '==l:___ _ _J '--------LC ~I 

AC 

ENTER 

2. DUP AS,AE 

l. ASO.LE + P,"LE" <NEW ELEMENT LENGTH> 

CSP CSW,L.E + LE•• RTS> <PRESENT LE> 

5, AS,LE + K 

6, AS,AE + SW,AE 

7, COMBINE @® 
8. ®©© 

©© 
to. 

CDCD© 
11, COMRINE 

12. + SF.'QUENCE 
CD 

ATHIBUTE STACI 
13, SW,LE + AS,LE 

14. ____ A_c ________ L_c __ _.. ___ A_E __ __.I.__~ 
15, SSW 

16. R 
____ A_c _______ L_c ___ J_u_+_~-~~-·+ __ 1~1--·~ 

SUTE IORD 

---------------------LF'• EQUALS LE PRIME 

®® 

CD 

®® 

©© 

CD CD® 

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 authori~1ation of the 
Burroughs Defense, Bpace and Special Systems Group, Paoli, Pennsylvania. 
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REMOVE 

1 • AS.AC•LCJ11,E1LE • SW,AC1LC•AE1LE 

2. • SF.'OlJENCf~ 

3. COMRINE 

4, CALL 

5, SW,L[ • LE• <PREVIOUS L~> 

6, RTS 

7, SSW 

8, R 

CONSTRUeT 

2, • SF"QUENCr. 

3, COMRINE 

4, CALL 

5. sw.LE • LE• <PRF'.VIOlJS U~> 

6, RTS 

7, R 
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PUSHDOWN•PUSHOQWN 
•••••••••••••n••• 

I u --' _+ ___,II~ ' 
t 
AC 

ENTER 

3. ASO.LE + I( 

5. COMRINE 

6. MOVr CSP 

7. CSP<AS.LE + "LE"' RET> 

9. Aso.u: • 1< 

10. + sro 

llt. Aso.u: • 1< 
AC LC 

12. CnMRINE 

13. MOVE CSR 

AC LC 

l EQUALS PRINE 

I 
llLI 

AS AE 

t t 
AS AE 

LE LE 

AE I AE + 2K I LS * LE * 

STATE WORD 

The proprietary information contained in this document is the property of the :Burroughs Corporation and should 
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Burroughs Defense, Space and Special Systems Group. Paoli, Penm1ylvania. 
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REMOVE 

2, DUP AS,LE 

J, • sro 

4, SW,A£ • AS,AE 

5, COMBINE 

LJLC I AS AE 
6 • CALL 

SW.LS • RS <PREVIOUS LE> 

RTS AC LC I AS - (LS + I) I A5* 

1, CALL * EQUALS PRIME 
STATE WORD 

8, SW.LE • <PREVIOUS LE> 

RTS 

10, COM81~E 

11, R 

The proprietary inforn1ation 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 authori:iation of the 
Burroughs Defense, ;3pace and Special Systems Group, Paoli, Pennsylvania. 
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QUEUES 
···-·-

AEO AEI 

L + 1.-u-.I + 
L I 

~ .. LC ~1 
AC 

ENTER 

t • AS,AC1LC1AE1LE: • SW,AC•LC1AEI1LE 

2. DUP AS,AE 

3, + MnO SEQUENCE 
© 

4, Ir AS,AE ~ SW,AEO THEN F'AULT CF'Ull) ©© 

5, DEi. AS,AE CD 
ATTRIBUTE STACI 

6, COMBl~E 

1. SSW L AC LC AEO AEI 

R 8. 

llAEI + ~ '" LCI LAC LC AEO 

SUTE IORD 

REMOVE 

t • 

2, 

3, 

4, 

5, 

6, 

1, 

8, 

AS11AC1LC1AE1LE .. SW,AC1LC1AE01LE 

OUP AS,AE 

IF' AS,AE • SW, AEI THEN F'AULT CEMPTY> © 

+ MOO SEQUENCE ©© 

DEL. A5,AE <D 

COMBINE 
ATTRIBUTE STACI 

SSW 

R 
~ LC 

I 
AEO 

~ LC © I Imo+ t.E >MOD LC. 

STA TE IORD 
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CONSTRUr.T 

2. OUP A4i.AE 

3. Ir AS.A[ • 5W.AEI THE~ rAULT CEMPTY) 

4. + MnO SEQUENCE 

5. DEL AS,AE 

6. COMRIN£ 

7 • R 

The proprietary infor::nation contained in this document is the property of the Bllrroughs Corporation and should 
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QUEUE5 WITH VARIABLE•LENGTH ELEMENTS ...... -··· ··-····-··-···- ....... . 

ENTER 

., . 
8. 

tr AET ~ AEO THEN AEGIN BrGtN 

tr AEI+K+P.LE+K > LC•"O" THr.N 

ENO 

ELSE 

BEG TN 

rr K+P.L~ ~ AE0•"0" TMEN 
F"AULT CF"ULL> 

ELSE: 

BEGIN 

CSP ([00."0"> 

COMRI~IE 

MOVE (CSP> 

sw.AEJ .. "0" 

ASO.AF' ., "0" 

ENOJ 

ENDS 

IF" AET+K+P.LE ~ AEO THE~ rAIJLT 
ffULU J 

© ·o· 

© 

©CD 

<D 

CD 
ATTRIBUTE STACK 

~ LC AEO AEI 

~ 
CD 

LC AEO ·o· 

STATE WORD 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

t 6. 

11. 

18, 

19, 

20. 

CSP CASO.LE • 1"LE",R> 

OUP Ac;,AC1LC 

AS,AE1LE • SW.AEI•K ® 
COMRINE @@® 

MOVE CCSP, @® 
ASO.LF.: • P.LE ®© 
OUP AS,AE 

+ SF:QIJENCF". ATTRIBUTE SUCK 

OE:LF'H AS,Af 

~~c I AEO AEI 

COMA I NE 

SSW 

~· I I ® I AEO 

R 
• AEI + K + LE. 

STATE WORD 
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I 

' llfi' 
I 

i _J 
L I Li I I LKE I 

+ t 
AEO AEI 

REMOVE 

l I 

2. 

3, 

•• 
5, 

6, 

., I 

8, 

9, 

10. 

11. 

12, 

13, 

14. 

AS,AC1LC11AE1LE • SW 1 AC1LC1AEO,K 

TEST roR [MPTV CA£0 • AEil 

OUP AS,AC.LC1AE1Lr 

COMBINE 

+ S~QUEN<:r 

CALL 

• "LE" 
® ® 

ASO,LE 

RF.:T ®© @) 

OUP AS,Al~1LE ©©@ ©®® 

COMA I NE © @ 

+ SE'QUEN•:r. <D ®CD@ 

DELETE AS,AE•LE ATTRIBUTE STACK 

SSW 1J AC LC AEO AEI 
A 

© 
AC LC AEO + K AEI 

I 
® 

.__ __ ~_,,,~-----'-A-EO_+_K_+_·_LE~·l ___ A_E_I __ ..._~~I _J, 

AC LC 

STATE IORD 
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+ 
AEI 

I 
WI 
+ AEO 

REMOVE ACROSS THE CONTAINER enuNOARY 

2, TEST POR rMPTY CA£0 • AEI) 

4, COMAINE ® 

5, + SEQUENCE' 

6, C All @([) 

8, ASO,AE • "0" 

DUP A5,AE 
®©CD 

10. COMFHNE CD®© 

11. + SEQUENCE CD 
t 2. BRANCH 

CD 
ATTRIBUTE STACK 

14, RF.T 

15, OUP A$,AE1LE ~--~l.___A_Eo __ __,_~A-E_r __ ..__ ____ _, 
16, COMRINE 

+ Sf OIJENCF.' ~--~l..__A_E~-
5

_+_K_,_ __ A_E_I __ ..__ ____ _, 

t9, SSW ® 
AC LC "O" + K AEI 

20, R 

~ 1 ·0"t ~ 'LE" I AEI 

STATE WORD 
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LINKED LISTS 
•••••• • •••• 

~__.,.__..__..._+_ ---41--! 1~1 ~Nso---+--J ---~ 
AC: p Q A NSO. A (RELATIVE TQJ SEGMENT} 

ENTER 

1. 

2. 

3, 

4, 

5. 

6, 

1. 

a. 
9, 

10, 

11. 

IF (NSO,SEGI - AC,SEG*> O~ 
CNSOtl - SW,L) THEN FAULT <LIST) 

AS,AE • NSO,A •AS.AC @@ 

@© 
IF AS,AE < 0 OR SW,L > AS,LC 

®® THEN F'AULT CLIST> 

AS,LE • K 
C'9© .......... 

ATTRIBUTE STACK 

•SEQUENCE AS1AE 

DUP AS,AE 

IF csw,A • •1) OR (SW1Q • •1) THEN 

BEG JN 

COMB I NI~ 

STORE rROM SW,A 

sw.A AS,AE ~ u~ A L p 

• 
SW,Q • •l 

I u~ 
@) 

~ A I L I NSO. L-AC-K I 
END STATE WORD 

ELSE 

BE.'GIN 
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12. 

u. 
14, 

15. 

16. 

11. 

18, 

19. 

20. 

OUP AS,, AC1 LC• LE 

AS.AE • SW,Q 

COMBINE 

STORE FROM AS,AE 

COMBINE 

STORE FROM sw.P 

END 

sw.P + AS,AE 

DEL AS,AE 

R 
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AC Q A p 

LC 

REMOVE 

1. IF' (SW,A • •1> OR csw.p • •t> 
THEN F'AULT <LIST> 

2. AS,AE1 LE • SW ,,P, L 

3, AS,LE • K 

4, DUP AS,AC1 LC, AE1 LE 

5, COMBINE 

6, F'ETCH TO AS,AE 

1, IF' sw,P • sw.A THEN SW,A • AS,AE 

ELSE 

BEGIN 

8, DUP AS.AC1 LC1 LE 

9, AS,AE ., SW,Q ® AC+P+K L 

@@) 
~~~31*--~~~~~_,~~~~ 

10, COMBINE @(@) 

11 .• STORE F'ROM AS,AE ®® @) 
~~~31*--~~~E-~~.-~~~ 

END ®i®© ®®@ 

12 .• 

13, 

14, 

15. 

16. 

17 11 

SW,P • AS,AE 

DEL AS,AE 

©@ 
® 

®® 

®@ 
ATTRIBUTE STACI<. 

+ SEQUENCE AS,AE 

DEL AS,LE 8-==-l A 
L p 

COMRINE @ 

IR AC I -==-1 A I L P* 

STATE WORD 
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CONSTRUCT 

1. AS.A[ • SW,P 

2. AS.LE • I( 

3, + SEQUENCF: AS1, AE 

4, ASO,LE • sw.L 

5, COMBINE 

6, R 

SEQUENCE 

®©@ 
®CD 

11 Ir (SW,A • •1> OR (SWeP s •l> 
THEN rAULT (LIST> 

2. AS.AE .. sw,P 
le OUP AS,AE 

4e AS 1 LE • K ©®@ 
5, COMBINE ©® 
6e rETCH TO AS,LE 

inTRIBUTE STACK 

UTRIBUTE STACK 

A• 25 

@ 

@@® 

®©® 
@® 

7. SW,Q • AS,AE 

~·-A .....__I L---P _o 

9, DEL AS,AEi LE @ 
10, R ~_L-A~l-L_~_L_P~-0~ 

STATE WORD 
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RESET 

4, DEL AS,AE 

®I I ~Ad j© 
ATTRIBUTE STACK 

L AC LC A _L_Lp I Q 

L 
(~ CD 

AC LC A L ,A -I 

STATE WORD 
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VARIABL£' F"IELOS 
•••••••• •••••• 

t. AS.AE • v~s <AE FJELD> 

2. RF.:MnVE VS5 

3. AS.LE • VSS <LE FIELD> 

4. REMOVE VS5 
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