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EX!CUTIVE SU?AM~RT

This paper traces th. computer program software development

- 
.. cycle and examines methods for technical performance measurement

L

- 
- 

which may be applied by System Program Of fices. It has been generally

recognized that the development of softwar, for modern computer system

• acqui sitions is a limiting factor with regard to program cost , schedule,

and performance. One of the maj or problems in a large software

development project is the ability to portray an accurate pictur. of

software status to management. In this regard a two dimensional

weighted software matrix is examined and proposed as a method to

improve management visibility into software design, coding, and

testing progress. Another major theme of this paper is the use of an

- 
integrated software engineering approach to focus attention on 4
fundamenta l aspects of the software design for technical performance

measurement. - In this case the designated characteristics can be related

- to the qualitative end quantitative system performance requirements

and can be monitored throughout the development lit, cycle.
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TECHNICAL PERFORMPLNCE MEASUREMENT

FOR COMPUTER SCFTW&RE

DEVELOP~~NT PROGRAMS

1.0 Intr oducti on

Operational computer software is a critical portion of computer

resources employed as dedicated elements , subsystems or components of

systems developed or acquired under the U. S. Air Force program manage-

ment concept established in APR 800-2. Software commonly refers to a

collecti on of programs used to extend the capabilities of computer bard-

ware. Each program is a sequence of machine instructi ons necessary for 
S

the computer to solve a specific problem (application). To simplify

programming, machine language is, in turn , used to extab lish higher level

languages such as Fortran and Cobol . As the complexity of computers

increase, another form of software called an operating system or execu-

tive is usually required . Such software Is designed specifically to

manage all the hardware resources as well as the other applications

software residing within the system. The ter minology “ operational ” S

software is used herein to distinguish between military weapon system

weapon system applications versus the more standardized automatic data
S 

processing programs of the business community. The latte r Is but sub-set

of the former in the military operational environment , where the require-

t ment exiete to acquire , process , and contr ol data , frequently on a real-

S 

time baaie. These demands may require multi—processor applications to

handle heavy and variable workiosde , often originating from scattered

_ _ _ __ _ _ _ __ _ _ __ _ _ _ _  
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and remote locations. Examples range from command and control func tions

- S of the World Wide Military Command & Control System (WWMCCS ) to the target-

ing and launch functions of discrete weapon systems as Trident , Minuteman ,

and SAM-D.

1.1 Purtoee and Background

The principal theme of this paper is an examination of methods

to measure the technical performance of operational software development

programs.

It is generally accepted that software is a critical aspect of
S 

weapon system performance and recent disturbing trends~ (Fig. 1) indicate

that the acquisiti on cost of software has begun exceeding the coat of

hardware in most computer installations and are projected to represent

up to 80% of total costs in the next decade. Further , unexpectedly low

measure s of quality experienced with delivered software , have resulted in

direct increases in system life-cycle—costs due to growth and maintenance

difficulties2. For at least one large Air Force command and -contr ol

acquisi tion program, familiar to the author , software currently rep resents

• over half of the program costs and is presently the critical factor to

achievement of system performance requirements.

The overall program management of computer resources in system

S 
- acquisitions has been officially recognize d as presenting a unique set of

problems by the Air Force Systems Control Project ACE’ (Findings 31 & 42).
S 

The problem is being addressed directly by a new draft regulation

APR 800-14 (Attachment #1) titled “Management of Computer Resources in

Systems”. The regulation is intended to eatabliab policy for the acquisi-

_ _ _ _ _ _ _  
am
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dedicated elements, subsystems or components of systems developed or
- 

- acquired under the prog ram management concept in APR 800-2. Computer

resources in systems as defined by APR 800—14 is the totality of corn-

puter equipment , computer pro grams, associated documentation , contractual
S 

services , personnel and supp lies.

5 1.2 Assumptions & Limitatione

This paper will focus only on the software or computer program
-

• 
development portion of the acquisition process and will concentrate on

S 
problem of measuring technical performance after contract award.

S In thUS limiting the scope of this paper , certain assumptions are im-

plicit. They include :

1. System and subsystem requirements have been established;

2. Trade-off studies for selecting and optimizing hardware and

software to satisfy a given application have been made;

3. Coat-effe ctiveness analyses which obtain the desired per-

formance at a minimum coat have been accomplished;

4. A contractor has been selected to design , develop, produce ,

and test the system software .

S 

- 
Software has been singled out for further examination because

-

. 

typical systems which have been developed by the Services have been

found to be largely composed of non—intercha ngeable components , hand

• crafted at great expense , and are often unreliable , unmaintainab le , and

and unintelligible4. This paper will limit its attention to the problem

S of software development and production which can be considered to in-

elude anal ysis , design , implementation , integration , testing , delivery

and maintenance.

— S — 
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1.3 Ck’v~nization

- In the analysis of technical perf ormance measurement (TPM) for
S 

software developments, consideration will be given to the major segments

of the software system development life cycle to include the mechanics

1 - • 

~87C~~~~~~~ of computer programming. Current methods of measuri ng

- . technical progress, including a survey of the literature, will be

assessed. Emphasis will be placed upon potential application by System

Program Offices (SPO’s) in the management of software development

• programs.

S 
-‘

~
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2 0  RelpvaILt Software Conaider~tj one

- 

S One of the major problems in a large software development project

is being able to portray an accurate picture of software status to upper

management. To gain an insight into prospective methods of determining
- software status, the following aspects of the subj ect require coneidera-

tion.

2,1 The Software Develotinent Cycle

In order to appreciate the nature of operational software develop-

mont , it is necessary to consider the components of the overall process

by which a developer/contractor produces the end item. Figure 2 depicts

• a generalized process including verification and validation (V & V).

S Verification is defined as any technique by which coded instructions or

model equations are compared against some higher level requirement. to

determine if objectives will be met. By validation is meant any technique

which includes the overall system/subsystem execution and the application —

of input/output analy sis to the results . After the computer system re-

quirements have been established the software development can be con-

sidered to follow the following phases4:

- Analysis and system design -

- Implementation S

S 

- 
- Integration and testing

S 
— Installation and maintenance

The handbood of Data Processing ~~nagement 5 describes a similar system

t5 life cycle consisti ng of eight major segments , but essentially conforming

to the above phases. The analysis and system desiRn pl*e. is initiated

I with a definitio n of the overall functional requirements to be satisfied

- 6 -  
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with the computer system. This is followed by definition of the inter-

action of hardware and software required to provide necessary functions.

With this understa nding, software function s may be defined and the

software system design approach is completed and documented.

ImDlementa tiqn involves the activities moat genera lly conside re d to bo

programming. Design of individual modules, coding , language processing

(asse~nbly & compi lation and unit testin g are impleme ntation activities).

Inte gration and lestjng are decepti vely simple and easy to describe :

S the various modules of software and hardware are brought toge ther and

and debugged as a working system. Typical experience indicates that

approximately fifty percent of the software costs occur in the integra-

tion and testing phase. Install ation and ~~intenance involves packaging

of the resultant software in a form which miriimuzes the difficulty of

loading the software int o the tar get computer. Demonstrati on of system

acceptabi lity, follow-up on latent errors , and user support are considera-

tions dur ing this phase of the software development cycle.

2. 2 Characteristics of Computer Prog~~mTniflg

There exists a significant variance in productivity between

programmers. One study to determine efficiency of various programming

techniques could only show that programmer performance might vary 26:1

between programmers6. It is estimated tha t current software are 
S

in the range of 15- 30 dollars per executable instruction of debugged S

and d ocumented code . Typical oet software production rate s are 2. 5

instructions per man-hour. A program which is considered of low to

medium size may have as many as 22 ,000 instructions. It has been found

— 8 —
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that pr ogramming costs increase exponentially with the size of a program
- 

S and when programming is done under the duress of extr emely limited

processor resources such as CPU time or memory, the costs oan easily

double or tri ple . Coding alone re presents less than 25 per c~~at of the
- total software development coats and the learning curve has been seen to

have a pronounced effect on costs. A wide variety of factors 7 contribute

• to programs being structured the way they are . These include : machine

• limitations; language limitations ; programmer limitations ; historical

• accidents ; and/or specifications . As a result nearly all programs have

some imperfections and to complicate matters fur ther there are usually
S multiple users. Most programs should be designed for adaptability since

S they will inevitably be modified to some degree. However , a program de—

signed to be ada ptable will likely be inefficient while an extreme ly ef-

S ficient pr ogram will not be adaptable . The term efficiency does not

stand alone , but must be further defined with resp ect to one or more of

the following meaaure ra : compiler time ; computer time ; compiler speed;

people time ; and/or excessive paging (pa ge size). Programming is usually
S accomplished by a programming team as the primary worki ng unit in moat

situations. The nature and composition of the team are particularly es-

sential to its re lative performance . A large software development project

generally brings together several teams , the control of whom is per ti-

cularly crucial to ma nagement. Programmers may be required to perform

S a wide variety of tasks includi ng : documentation ; program libra ry work ;

system testing; progress reporting; standards work; diagno sti c program-

j
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t 2.3 Software Testi ng and Quality Control

• As previously indicated , software testing represents over fifty
S 

per cent of all program development coste and thereby warrants special

-
~ 

• atte ntion . An organized test plan is a vital prerequisite to the success-

1~, • fu]. development of any software system and must include the following

S considerations 1’:

Unit Test -- A unit test plan is developed to assure that all in-

S dividua l modules meet specifi cations. Such a test plan must contain

specifications for the routines which are to be used to exercise the in-
S 

dividual module to insure its completeness. The ability to clearly define 
S

theae test routines is an excellent test of the completeness of the system

specifications .

Nucleus Testing -- The minimum number of modules required to

F achieve meaningful interaction in a subsystem of the overall sof tware

system must be determined. A plan must be developed for integrating and

testi ng this minimum number of modules , probably with the other software

components simulated by the testing routines used during the unit test —

phase.

Staging Plan -- Once the nucleus system is debugged , the teat plan

must detail the order in which the new modules are to be interfaced with

the proven system components. Requirements for testing the subsystem as

- it grows with the additi on of new modules must also be detaile d in terms

of test stimuli to be applied and the desired results.

S Acceptance Criteria -- Sya tem acceptance criteria suet be speci-

S fied as the last major ocmponent of the system test plan. Technique s fci’

demonstrating that the system meets th . acceptance criteria must be .p d-

tied in detail.

—~ S- - -—- — -- -5• - --•--~~.— 5 — --  5- -----— _ _ _ _ _ _
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Debugging Tools -- The debugging tools used should ma,d.tnise the

S visibility to the programmer of the acti ons of the program under teat so

that the unexpected resp onse to test stimuli may be readily identified.

They should also allow the programmer absolute control over directi ng the

flow of control within the system under teat so that the suspect control

paths may be exercised to determine their validity and cli control paths

withi n the system may be exercised . Further , it is essential that

during the debugging phase the same response occurs from a given set of

input stimuli , leading, therefore , to rep roducible results.

The definition and establishment of universal quality control

standards during the de velopment and production of software has not been

realized to da te . Nevertheless , inspection can be made for reada bility ,

modularity , adhere nce to documentation standards , and the use of struc-

tur ed code. Code readi ng is an important technique for detection of

low-level error s not neoeesari ly subject to formal testing scrutiny .

Unfortunately, the typi cal Gover rrn ent/SPO monitori ng practice exerts

little influence on the quality aspects of sof tware during the design

and production phases of software development2.

2.4 A~~~~tioal Com~ iter Models

A degree of research 8 has been done in developing ana lyti cal

models to project the performance of large- scale time-shared computer

systems . The models are stochasti c in nature and their analysis usually 
S

involves que~aing theory. Most of these models are concerned with sub- S

system behavior such as processor scheduling, secondary memory, multi-

programming, and program behavior. Although many analy tical models have
5 

— 1 1 —
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been developed and analyzed , there exists a general consensus that most

models have a serious weak ness in one or more of the following areas:

System behavior vs subsystem behavior; 
S

Paging activities and multiprogramming behavior ;

S Space-domain considerations; S

S 
- 

Overhead considerations ;

Choice of performance measure.

S Models remain , nonetheless, an important tool for prediction of system
5 performance but have limited application to the actual measurement of

ul technical programs in the development of software.

2 ,5 Synthe tic Programs

A straightforward approach9 to the problem of complex multi-

programming systems evaluation is to design and model a synthetic

program which wili represent substantially some level of system

activity, the ability to reproduce realisticall~y computing situations

in a controlled experim ental environment , can be en invaluab le tool in

system evaluation. As with any other model, synthetic programs have

their inherent limitations not the least of ‘which is the cost of
S 

development. Nonetheless, they represent a useful method for evaluatio n S

5 

-

. of a software system/subsystem dur ing the testing phase of the develop.. 
S

- 

S sent cycle. Synthetic programming does not , however , hold much promise

for performance measurement during the earlier end more crucial phases S

of software development during which fundamental design and coding

effort s are taking place. S

— 1 2 —
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3,0, Data Collection end Analysis

The subject of programming and software development as related

— to systems aoquisition was examined by employing the following methods *
Review of current literature;

Personal contact with responsible service staff members;
-
~~ Software contractor briefings; S

Discussion with SPO engincering personnel;

Personal system acquisition experience. S

After an initial review of the literature and preliminary

contact with Service staff agencies in the Washington, D.C. area , it

became apparent that little in the way of formal guidance ‘was in

existence on the subj ect of softwa re technical performance measure—

sent. Therefore, data from these sources is used primarily to esta blish S

the setting and background. Rele vant information was obtained from two

contractor sources presently engaged in software activities. These

were The Hughes Company, in a special briefi ng held at Headquarters, - S

Air Force Systems Command on 7 February l9’74; and Science Application. 
S

Incorporated , in a special presentation on independent software test -

S and evaluati on technology, held at Hq. Electronic Systems Divisi on

(*Psc), on 15 December 1973. The most significant data relating to the

problem of managing a software development program was received directly S

S from the Software Engineering Division of the 427W System Program

Office located at L. G. Hanecom Field , Bedford, Nessechueetts. This

I program is concerned with acquiring a computer system for the NC1~AD S
S 

~ Cheyenne Mountain Complex which IS part of the World Wide ~~.litary S

Command and Control System (wwtccs).

S 
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S 4.0. Software Develonment Statue

As was menti oned earli er , one of the major problems in any large S

S 
- software development project is the accurate representation of soft-

ware status during each major phase of the development cycle. Current
~ ~ 

- methods are derived principally from earlier program management exper-
~~~~~~

• ience with hardware acquisitions. A typical software mileston, report
will contain all or some of the following sequential events:

1. Contrac t Award

- 2. Part I Specifications Complete 
S

3. Preliminary Design Review

4. Preliminary Part II Specificatio ns Complete

5. Critical Design Review

6. Part II Specificati ons Complete

7. Prelimi nary Qualific ation Teat

8. Formal Qualification Test

9. Functional Configuration Aud it

10. Pbyaical Configuration Audit

11. Segment Test Complet e

- 

The probl em with the exclusive use of these hardware oriented
S milestones, is that they presume relatively distinct phases in the

development cycle • Basic design for hardwa re is essential ly completed
S 

in conjunctio n with the Preliminary Design Review, however for soft-
ware basic design can extend through to the completion of PartII

Specifications. Hardware fabrication or producti on activity normal ly S

commences after the Critical Design Review. In the case of software 
S

- - - -~~~s ~ -~~- ~~~~~~~~~~~~~~~~~~ -5-- - 
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development the paral lel to fabrication is coding and checkout which

overlap s the design phase and can begin immediately after contract

S award and extend through to the beginning of formal test activity. As a

result of these differe nces , the use of existing milestone definitions

and methods does not portray an accurate representatio n of the soft—

ware development status with relation to the actual design , code , and
S 

test activity of the program. An approach to achieving improved

S visibility into the software status at any given point in the develop..

ment process , is to utilize a weighted matrix approach by which a

S discrete softwa re element such as a module or an applications program

is weighted in two dimensions . The first is with respect to the

individual module’s relative contribution to the entire software

system. The second dimension considers the software module as a

discrete entity and establi shes the degree of effort required for

module design, code and checkout , and formal teat. Essential ly then 
S

the weighted matrix assigns relationships between softwa re elements

and between tasks to be accomplished for each parti cular element .

Figure 3 shows a generalized weighted sof tware matrix which can be S

S used to determine the status of each softwa re module in terms of percent 5

S 
of module development effort completed . By use of the system scaling

factors , the relative portion of the total software system effort

completed can be eeteblished

-~ — 1 5 —
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A Gener~lized Weighted Software 1s~ trix

S(~’TWARE SYSTEM PERCENT PERCENT I PERCENT
~LEI~~NT SCAU}& DESIGN I C~ )E & I VALIDATION

FACT(T(S — _ — — — L _C~EQK~ J! - .1. 
-. 

- PERCENT COMPlETED

Module #1 a1 ~1 21

Li Bi C1

Module #2 12

A2 B2 C2

• • • • .

Module #N a~ 2
a 

A B C

_ _ _  _ _ _  _ _ _ _  

n n

S 

FIGURE 3
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EXPlANATI ON (P SYMBOLS IN FIGURE 2
1. a1, a2, •....,a~ : The relative contribution of each module to

the total system effort (sum of all a~ equals 100 percent ).

2. X~ , X2~ ... .. , X~ : Percent of module development effort
S 

estimated and/or allocated to design.

~~• 
.g
1, A2, ....., A~ : Percent of module design actually completed. —

~~• 
1~, !~~ •...., T,~ : Percent of module development effort estimated

and/or allocated to coding arid checkout.

5. B.1, B2, •...., B : Percent of module actually coded & checked .

6. 21, Z2~ ....., Z~ : Percent of module development effort estimated S

and/or allocated to formal validation and test.

7. C1, C2, ....., C~ : Percent of module validation actually complete.

NOrE : The sum of X~, !~~ and Z~ equals 100 percent

To further clar ify the concept consider Module #1 as an e~~mple:

A1X1 represents that portion of the required design effort S

which has been completed for Module #1

B1!1 represents that portion of the required coding and check-
out effort which has been completed for Module #1

C1Z1 represents that porti on of the requred validation
effort which has been completed for Module #1

A111+ B1!1+ 6121 represents the percent of total module
development ef f or t  oampl~ ted
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a1 ( A1X1+ B !
]* C121 ) represents the contribution of Module #1

to the total softwa re develnpment
effort which has been actual ly been
completed

By performi ng similar calculations for each software element
or module we have the percent of contributi on for each element towa rd
the total system development effort. The aritheetic sum of each of these

• module cont ribution s yielde the ~~rcent of total sy stem &eve1ovmq~~
• effort actually oo~znleted.

S The propos ed weighted software matrix does not represent a
- complete solution to the prob lem of managing a software development

program , but is merely suggested as a structured approach to increase
SPO visibility into the software etatus • It posesees the advantag e
of arriving at a single figure..of..merj~ for the entire development
effort in terms of percent complete . There are unlimited variations to
to the method such as further subdividing the design effort into
requirements & slgorj thj, design , or into data structures & control
structu res. Similarly , the validati on effort can be further sub-
divided into module test & module integ ration . It is apparent that a
clear definit ion of terms and proper allocation of weights and scaling
factor s is an essential prerequisite. The allocation can be made by the
contracto r as part of his work packa ge planni ng effort , or can be al-
located by the Program Office based upon prior experience . If the
softwa re development program employs work breakdown structures in ac-
cordanc e with MI L-STD-88]., then the contractor should have interna l
module work packages contai ning both cost and schedule information. The

- 1 8 -
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weighted matrix can then be tailored to the contractor ’s work package

• description , and the weights extracted from the man hours of effort

planned for each task. The concept described above was attempted by the

S 427M System Program Office in February 1974, and attachment 2 is an ex-

ample of the result. The summary findings were that the NCS Software

- S 
Segment was estimated to be 51.8% complete and the 5CC Software Segment

30.9% complete. These results were confirmed by the contractors and

corre lated with existing cost and schedule da ta . 
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5, 0 I~te~ra ted Software Engineering Ai~,roach

Another approach to the measurement of a software contractor ’ s
S performance is to consider the overall technology of designing and

S developing the computer software. Basic considerations common to any

• system include definition of data structures , control structures, real-

time processing, program and data organiza ti on , and memory management.

When these aspects of the system design are baselined either by the SPO
S or the contractor , they can be monitored throughout the development cycle.

To yield a meaningful measure of technical performance , they can be re-

lated to the system quantitative performance requirements such as

processing speed and accuracy .

Both data and control structure s deal with the micro—asp ect of

computer software . Questions of the organization of the da ta and the

techniques for achieving the required flow of control are dealt with.

- t The remaining items consider the macro—aspect of the software environ-

S 
- 

ment . Real-time considerati ons involve the problems encountered in
L
S 

relating the basic sequential nature of the computer to the real world

in which multiple activities occur simultaneously. Program and data

organization techniques provide for the integration of the data and
S •

• control structures. Finally, memory management topics deal with the

-

. 

problem of implementing this overall software system within the real

constraints of a given set of computer resources. The analysis of data
S 

structures , control structures, and real-time considerations re~!ate to

S 
the basic problem of enabling the compiter to carry out its functions.

S 
Considerations of program organization and memory management relate

- to the basic problem of enabling the computer to carry out its functions .

- S - - S - 
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Considerations of program organization and memory management relate to

S the overall question of how to beet organize and apply the resources of

the computer to execute the problem ’s solution in the most effective

manner.

5 • 1 Data Structures

A vital prerequisite to the development of a computer software

system is a careful and complete data-base defini ti on. The system

data—base is thet collection of data items and structures which constitute

the data portion of the system. Most computer application programs in-

volve a large number of different data types such as integer , real or

floating-point , logical , cha racter variable s , state variables, and

pointers. The concept of data structures provides a framework for re-

]ating the data requirements to the problem of organizing the data within

the processor so that they nay be updated , referenced , and manipulated

efficiently. A data structure then is a grouping of a number of simple

data items together, which have some logical significance when considered

as a set. Example s include the array, the list and the queue. The

logical organization of such data structures and their physical organiza-

tion in memory are particularly important for the achievement of efficient

programs .

5.2 Control Structures

Control structures are techniques which alter the sequential

nature of the computer , i.e. , execution of instructions one at a time S

from an ordered list , to achieve the desired operation . Examples in-

elude the uncond itional and conditional transfer , the typical iteration ,

— 2 0 - 
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and decision tables. The concept of the subroutine is a contro l struc-

ture which provides the basis for modular software . When the required

data structures and control structures are defined , the design of a

S software module is virtually complete.

5.3 Real Time_ Processing

5 Real time considerations may involve the efficient use of a

computer with memory speed and execution cycles significantly faster

than the peri pherals with which it communi cates. ~~ it may involve

situations in which individual programs are not capable of fully utiliz-

ing the computer and there is no conflict in the requirement for

peripherals. Yet another instance may be the situation in which dif-

ferent programs are required for different system functions and each

must be executed simultaneously. Such requirements lead to concepts of

tasking or parallel processing. This require s an operating system

which provides for the general function of selecting which programs

S 
are to be run and allocating to them the required computer resources.

Typical operating system functions will include scheduling and super-

vising the execution of programs, allocating main and seconda ry storage

I - as required , supervising interrupts and events, coordination of the

programs, and handling of the input and output operations.

5,4 program and Data 0rganj zat&~n

- This subject concerns techniques for internal communication

between program modules such as through permanently allocated memory,

1 through blank and named common , and/or through fi les . When many programs

must reference a da ta structure it is usually left resident in the main

- 21 —
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memory at some fixed location. An extension of communication through

fixed memory is by use of named or unnamed data blocks allocated in a

fixed manne r by a compiler or loader . When the systen data base is too

S large to be contained withi n main memory , components are stored on a

S 

-. 

S 
bulk memory device in named data structures called files. A fi le

system is then provided to reference and obtain this data on demand.

5 5  Memory Manavement

Concepts of memory ma nagement deal with the problem of allocating

a shared main computer memory to the program which must be executed.

Memory sharing methods include overlaying, partitioning , and dynamic

memory allocation. Overlaying schemes are simple but may compromise

system resp onse time s due to the rep etitive nature of the overlay func-

tion within modulee which have constituent overlays. In partitioned

systems , the memory is divided into fixed length areas within which a

group of programs may run. For the dynamic memory-allocation system , an

executive program searches f  or ah application program which wishes to be

run . Memory is then allocated at execution tie., if required , at the

- expense of a lower priority program. This approach requires a complex

executive but has inherent speed and flexibility.

1

i
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6.0 Alternate Anvroaciiea

S During the course of collecting data for this pa per , other ap-

proaches to the problem of technical performance measurement for software

developments have come to the attention of the author . They are pre-

sented here in summary fashion only in the interest of completeness and

S 
to demonstrate that many varia ti ons to the theme are poe~ible.

5 6 1  Module Interface Control

Several categories of software modules can be defined and used

S in the constructi on of real-time systems . These include:

1. Application modules: Discrete software elements

available for combination into app lication oriented

packages (CPCIs);

2. Systems-operating modules: Discrete software

elements which perform in the capacity of operating

S 
system components such as executives, priority

schedulers, and generalized input/output systems;

3. User-interface modules: Customized user-interface

sof tware elements available for each app lication S

area to include the linkages necessary to combine S

the library modules and any specially developed

software into a functioning ..ystem.

- The concept of module interface control is that the complete Si

• interaction between modules be defined by the SPO or the oontra ctor .

Thi s will include such areas as input/output da ta flows , computational

speeds , etc.. These interface paramaters are ths& closely monit ored
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and controll ed as the focus for technical performance measure~ment . The

S actual design and construction of the module is only cousidered when and 
S

if there is a change in the specified interfaces.

6.2 Library Utilization

One concept for improving the performa nce of programmers in

software developments is to utilize a library which permanently records

all software debugging activity ei ther through compilation or through

direct simulation of the target computer . The re gular screening and

reading of program errors will identify weak programmers to management

for corrective action. This approach has its obvious limitations in

- terms of both the human factors aspect of the procedure and the diffi-

culty associated with directing its implementation.

6.3 Independent Validation & Verification

For sof tware developments with critical military applications, a

parallel but independent software test and evaluation proce ss can prove

effective. There is precedent for such acti vity on programs such as

Safeguard and Minuteman. There is evidence that improved software 
S

quality, and enhanced confidence in the functional capability of the S

S 

software re sults . This approach has incre ased cost and schedule im-

S 
plications. Under certain circumstances however, it could be the oniy

certain me thod of assuring software technical perf ormance during the
S development process.

S I

I
~S 

S
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7.0 Summary and Conclusion s

The design and development of the software portion of computer

oriented system acquisitions is rapidly becoming a limiting factor in

terms of coat , schedule and technical perfor mance of the system. Al-

though the software development life cycle is fairly well understo od ,

there edsts little or no definitive guidance re gardi ng effective
• S measurement of a contractor ’ a progress toward achievement of technical

performance goals. The historica l application of hardware oriented

program milestones has proved lass than effective and both industry and

Goveranent are actively seeking improved management methods. One of

the major problems in a large software development project is being

able to portray an accurate picture of software status to upper

management . Thi s repor t has examined and proposed a two dimensiona l

weighted software matrix which can be used to satisfy this need. This

approach has been attempted on at least one large computer systems

acquisition program and found to be effective in rep resenting a real-

istic picture of software status. Another unique but complementary

approach to monitoring the sof tware development progress is to employ

an integrated software engineering methodology. In this case , manage-

ment attention is concentrated on fundamental micro and macro aspects

of the development process which can be direc tly related to the system
S 

quantitative performance requirements. Recomme nded areas for SPO

concentration includ e dat a stru ctures , cont rol structures, real-time

processing , program and data organization, and memory allocation. These S

particular aspects were selected because they are absolutely fundamenta l

in establishi ng the charaoto r and capability of the software sub-system. S

- 2 5..
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A corollary benefit of selecting the above aspects for technical per-

S formance measurement , is that they will focus contractor manage ment

attention on the essentials of the sof tware design process. It is

conclude d tha t there is significant room for improvement over current

• methods of measuring sof tware technical performance during the acquisi-

tion cycle. The methods recommended in sections 4 and 5 of this paper

can provide improved Program Office visibility into the software

S development cycle for both timely detection of problem areas and for

S 
enhanced confidence in a properly engineered and integrated system.

The alterna te approaches described in section 6 rep resent areas for

further consideration with the concept of module interface control

offering the moat promise for future resear ch.
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- This regulation establishes policy for the acquisiticn and suo~ort of

computer equipment and computer programs employed, as dedicated elements ,

subsystems or components of systems developed or acquired urder the

program management concept established in AFR 800-2. It supD1e~.ents

APR 800—3 and comp]em.ents APR 300-1. Computer resources in all other

systems viii be managed in accordance with AFR s 71-11, 80-2 , 100-2,

102-5 and . 300-2 as applicable .

• 
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1. Applicabi1it~’ of This fleg’~lation . This regulation applies to all

Air Force activities with responsibilities ror planning, developing,

acquiring, su~porting , and using systems managed and a ~ ir~ d u nder -

S

AIR 800-2. 
5

1 
2. (Jbje ct~ ve of This Regulation. The objective of the Air Force is to

insure that systemst computer resources are planned, de-,eloped, accuired,

emplo~red, and maintained to accomplish Air Force as,3 igned. missions

effectively, efficiently, and economically .

3. Air Force Folicy on ~!anagement of Computer Rdsour -ces In Sys~ e::s.

a. Computer resources in systems will be man~~ed as elenents or

subsystems of maj or importance during conceptual , vali t io~~, full-scale

S 
S development , production , denloyment , operation a~-~i cuonor~. ~~:ases.

P~quirements will be allocated to subsystems on a rea’istic and neaning-

: ~l b~ s~~ us’ng in-de oth t~ ale-off  s~~ I ard co -~~22~ ct  ~~~ a~a~ c~ -~

b. Man~~ement responsibility for tho ~n~~~~~~ tio :~ o ~~x5 .o-: ~e:

eri’cio:~en t and. computer o~~ran3 into ngs ten will r~~~ ic con~;raI~ zed

t~-ie l ife of the system . D~-~~lcpne~~ , uaintenance nnd n~•di~~ ~at icn of

~e1ected computer prngrnn s nay be decen~ ralizu ~ 0 - n sura :5e -with opera-

tional and support r equ irenects.

c. In—house computer  ~~q5;j~~~~~~~~ ~~~~~~~~~ .nce I C P ’ S~~~ O:’ j : :~~ram

devolngmen t and ~:1aintcoa v~’~ c::’ab ~~~~~~~~ ~~S~~ c ~ L•~ :~~ :~~~ uh i~~~~~~~~~j  I j~ e-i

i~~ ’~ ec~ mi~ a~ or rc-~~. irod ~o ~~~~~~~~~ s u.~5i~~~y • y c t ~-n cc: ~~~~~~~~ .

a.:.i - - L . . t ~~L 1~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~;e :~ -:~ 
~~~~~~~~~~~~~~~~~~~~ ;ur ~ -~~~~o~~:’e.
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e. Automatic data processing (ADP) standards and higher level

programming languages will be used or established in the system under

development to the maximum extent practicable .

S f. Computer equipment and, computer program trad.e-offs will be

conducted throughout the life cycle of the system to minimize cost and S

insure grow th capab ility consistent with system needs .

g. Organizational responsibilities and. computer resource requirements

including support facilities, documen tation and other essential resources

will be identified early in the system development program to insure

coordinated, actions and integrated support for -the system life cycle .

h. ~~ta item descriptions will be identified and developed (and.

approved as may be required by APR 178-8) to insure timely and adequate

program documentation support throughout the system life cycle .

i. Solicitation documents will include explicit zta~emencs es tab-

- - 

lishing Air Force rights to con~uter programs reautr e i to cperate ~~d

support the system. This includes those computer prc :rams arid acuociaced,

documentation required for the maintenance and modification of those

• programs .

j. Configuration management procedures will be developed to assure S

f i r~ configuration control du:iri~ development , test , crans~ c Ion , opera-

tional main tenance , and major m:5.ification .

k. An inventory of coapucor e~~ irn-cnt oc•d c~ ap-:t ~ r ~ro~ rn :~ ~~l1

to ~1~ ’ieJxs~ d ard m a i n t a i r i ot .

will t:~ ~a:l-c ior  usoi ’ in~- :?ir- : :on t c~ nr :r- ~:
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m . Program ~ ~~ em~ nt  Directives (~~~ 0) will requi -e and. frc~-ram

n~~emen t rnans ( PMPs ) will provide for:
• (i) Establishment of computer technical and. managerial expertise ,

ir~d.epend~nt of the system prime or computer program development contractor,
S responsive to, preferably as an organic capability of , the Program

Off Ice (pa) .

- (2) The specification and allocation of system performance

-~~ 

- end. interface requirements to be met by corip l tcr  eauipment arid ccm~uter

programs.

S 
• (

~
) Reliability, main tainabiliuy , arid ava±iaiiili ty as prime

development objectives.

S (
~ ) Computer equicoent catacity arid conDuter program design

during the planning arid develonment phaces to prov~ dc for fIcuibil i t-~,

S growth and ease of mcd L:5 oati~ :~ aurd ua in t :nanu~ ~~~~~~~~~ S L_

S life.

(5) The t~n~iy pr 2rar;~~ n of :c:clor : :enb , acquisi tion ,

operational maintenance S S .J s c ~~.:t plans for computer eq:li~ n-:nt,

conr :t~r programs, supp ortir -.~; ~~~~unenta : icn  arid fa c i lI ti e s  cover ing the
S 

ex~ccted svGten  life. S

- (6) Level of sin i a : -o n to ‘cc eon yod t o  u i : io~ nud

th~e acqu i si t i on  of ~ ~~~~~~~~~~~~~~~~ ~~ : - ~.c - i ~-:e ~u m i n u ~~cu i\~•1j : r c n ! r ; ’  a~J to
• 

O~~ . 5 ~~zL ~~•C ~~~~~~ or ! L S ~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~,r,i ~ h-: ‘~

lc ’e cycle .

(
~ ) ~~~c ~~~~~~~~~~~~~~~~~~~ L oco,  ~ ai d 5 .Mr ari l  ‘; ‘ r-  ~o-~ut i cn of

~C & ~ 1 eS~~~~t i :  .~~~~~ a~~ I ~~~~ ~~ ~~~~~~~~~~~~~~ ~~~~•V. L  ~~~ 
-
~~~

Ji: :to:~ ~.o t~~~ e :~~~d~~~ ~~~~j S t -cct i:~~ -n ‘ ‘u co .~~’-

t~ ~~~~~~~ ~~~~~~~~~~~~~~ .
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‘ (8) The identii~ication of computer equipment , compute r programs

S and associated documentation as configuration items (Cl5) .

(9) Work bre&~down structures (See MIL STD-68i) designed to

• facilitat e identification of computer resource costs .

(io) Cover age of computer equipment and computer programs during

the conduct of system design reviews , audits, and, management assessments .

4. Eeadquarters USAF Responsibilities.

• - a. Insures that the management of computer resources in systems

is consistent with the policies contained. in this and other arnilcabie

regulations.

- b. Insures that policies and procedures for the management of

computer equipment and computer prcgrams are consistent vith other
S applicable policies, regulations and directives.

5. AFSC Responsibilities.
S 

a. Provides for the implementation o± this re ulat~ ‘a in tn d-cvelu ~-

ment, acquisition, turnover and transition of systems involving -
~~ omouter

resources. 
S

b. Maintains an organic capability of computer technical 2~~I

managerial expertise. -

c. Provides for the standardization of compute: :oJin::oat S

computer pro~:rams betoTeen and -~itb in  Gy~ co::c ~tiOd in iroS o;t au~: ~ u~e S

of availao,sc compu~er resources as o~ac~ icablo.

d. Insures toe t~~~mS lj nppl:cat :on o±~ ad~•’ancei  • rinuatcr tucna-ooc~v

S n5o s I - ~t -~m n .

• e. L~vc~ o:’:~ jo~nt ly ‘~Y.h )hFL~ an j 7y f l~~~~5~~ j~, 1~ rii’~ on cc nc u:c i’

c i  ,u~ nt  u L i  C~~: puO -~~’ D~~~~~ ’ri~~ ~~
3S

~~d fl - V 1~~~~

5
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~~~ orm-jt ion to AHJC as new systems are developed. -

- f.  Satisfies other responsibilities as defined in the Air Force 800

series and other applicable regulations .

6. Prog ram Manager Responsibilities.

-
• 

a. Provides management and. technical emphasis to computer equipment

5 

‘ and computer program requirements identified. in the EW. -

b. Directs the preparation, u~~ ate ar.d, implementation of the WP

- consistent with the policies of this regulation .

c. Insures that the P0 worlz s with PJTO S
~~~~~d the u c c r  to in-: c~~~orate

their needs into the ~~~ supporting plans arid other ~~~~~~~

S - preDared and implementod by the P0. •

d. Satisfies other responsibilities as defined i~~ S ~~~~~~~ • S~~~~ ’ Force ~~
-

series and other applicable xe ~ olaticns. S

7. AFLC Responsibilities.

a. Provides for the irunLonontation of ~•u~ ~~~~~~~~~~~~~~~~~~~~~~~~ L- . L~~~~~ S~~ t • S S

S —
transition and support of systems Involving c- 5np~ t c r i  r ~;n :icen.

‘b. ~aintains an organic caoabili~y of coapat er  t ocna : c au  aria

managerial expertise. 
-

c. Develops jointly with ~~~~ arid na!ur7~i:n~ an iuv-ca~ ory  ar~ SI a ~~~a

base on c’ onpuc er e L~~~~~ . S - . ~~ nc o :n -outer u-ri- -i

S 
. Pa rt  i ra t~ s ~~~~ t~’: :0 arid i~~~ ’ ir i  r~ r . - r a t ’ cr , -

a~~ I 2  u~~~~~~~5 r L  O~ ~~~~ :~~~ •~~~ ) :S ,~~LO~~~~~ -‘~ anc 
~~~~~~~~~~~ •_

S 
‘ S .  S — S

‘ “  
~ r i_

~~~. - ‘ ~~~~~ Lri ’:~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ti~u ~~~~~~~ t i:~~~~~~ :~~~, r . p - r:~ . —

S ~~~ . S_ • S S • L •• _ ; L S S  ~~ 5 S ,  ~~~~~~~~~~~~~ ~5 5 L  L • 5 5 5 5 ~~S S I  ~S~~ SA S S S~~~~S~~~ S i S S • ~~~~~~~~~ S _~~~~~

O~ • 2 • . ‘Ho n of t : c ~: ’  ‘ c - ; - ~~’’ .~~~~r

~~



f .  Programs for , e~ tablishes and. operates facilities determined

necessary to support AFLC assigned responsibilities for the integraticri

• and. maintenance of the total system. Common and existing facilities

will be used. wherever practicable .

g. Insur es the standardization of computer equipment arid. computer

program support facilities and equipment wherever practicable .

h. Satisfies other responsibilities as defined in th~ Air Force

800 series and other applicable regulations.

8. Using Activities Responsibilities.

a. Provide for the implementation of this regulation in uho turnover ,

or~eraticn and. maintenance of systems involving comnuter resources.
S 

- b . Maintain an organic capability of computer technical a: managerial

expertise.

c. Participate with the 20 and A~LC in the prevrri ’auion. -I~ane r ind.

iroolemen tation of the lP~P, cuppo rt plans ari d other syo~~ n do-c uniutc .

Insure accurate incorporatIon and timely o: ia ’;c, w _ thia  -She ac~~c’oved

program , of mission requirements.

d. Determine , in conjunct ion wino .  tne 23 and A~ —~~- ,

for the raintenanc e and n-o- iL f ica t ho n of c-:n:ut~ r • uI’cncno and v d f ~ oo:I:: :

t ~~~~~~~~~~~~~~~~~~~~ pro;rams and ~r:L~ur-C iacorriorai •I~ n of ~~~~~~~~~~~ re: -~n~~~~~~it ~~:~ 
S

— ~r. the an ono ~ute syotca d.cc u:- n~t u .  
-

S 

e. P~~~rao for , e3tahLIshe -a~ J, n e ~-an~j ~‘n~~~T , i ; i e~ de t r:: i~ d

~o a - y  ~-o s p o rt ~3’;~~ric~ ~~~~~~~~~~~~~~~~~~~ f or  L~-

m”a .L ’u t lj r i -,no ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. ‘a J s f y ) L h - c  r i~~~T o it ’e-; -~~~~ 
d.~~~~~~~~~~

-
~~~~~ ri ~ ~~~~~~~~~~~

r - ~- :os - e i -  h - ~ . :c~ h1e r- L SS ! S ~~~~~~ .

LI ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ —~~~~~~ _ _ _ _
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9. Ai r Tra i n i r ~ Co~ r.~~d, Responsibilities.

a. Reviews sys tem documents and. initiates training support planning . S

b. Provides and administe rs training programs to support systems

S Ia accordance with AIR 50-9.

- I ~ 
10. Air University Responsibilities.

- Provides professional education in computer sciences and management.

I —•

Li _ ~~~ _ _____ - -  - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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AIR 800-114
21 Jan uary 1971i.

Explanation of Terms

1. Availability - See Mfl4 STD-721. 
S S

• 2. Computer Resources - the totality of computer equipment , computer

programs, associated documentation , contractual services , personnel

and supplies. - S

3. Computer Program - See AFR 300-2 .

~~ 
C o 1 g~~~ti,om Item - See APR 65-3.

5. ~~ta Item Description - See AIR 300-10.

6. Higher Order Programming Langca~e - See AIR 303-10.

7. Tran sition - See AIR 8o0_ 1~. 
S

8. Turnover - See APR 30~ -L~.

9. Program ~~.‘-oa~er - e~ f•~F ~~~~~

IS,). Program ac.ngement J~ rCCt i~ C — s-oe AF~ ~t 0— 2 .

11. Prog ram Cff 1c~ - See AI~ 800-2 .

12. Program Management Plan - See APR 800-2 . - S

13. Simula tion - The reoresennation -~~~~ Lh ycica l  systems or phencriena 
~~

compu ters , models or other eq~ i O ~ O~ t .

S 

- ~~~ 7~ hi-dation (of computcr e~ .~~:ment and. conou ter I r~~~~ S : S 5 J .  ~riC nrnce:s

0 r de;c~~:ining if the cc’-:~ u L e r  e~ u1p~ c~~t marl c o o  5~~f Tr : ’~~~ s) w~rc

ri accor ru Jucce -i . 0ri S S~~~~~~~~~~~ t ~peci~~~5’at _ C ’I1 3

15. ‘~~T’l~ i C 1 L H n  — ‘Pn~ n :-c~ ecs ~et~~ n iahc ‘ if ~ -e c~- p~~er e~ - .~~--5 -ri~rit

-“ :.‘:-1. O a a S u o~~~ r r iC,S
~ •5 .. 5_ (

~~ - •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘‘ r± -c’ :o , 5 : .  t~ n ~~~~~~~

er.v vo: t , t.ne i - i :cy tu ;  ~( j  n r  vh~ oh wt~
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S li’oZr ani prepare d iii symbolic for m (i.e. , us in g defi ned carry : A di git , or e 4 u i v a ! e o r t  0~I0,)I . r -’ , t i l  r i Ig tr o ut  an liri th .
SV f l l b s s I )  ltfld r nn en m on i c s  to represt tmlt  ir st ru c r i o n s, ad- n ie ti c operati on whi ch Cd ’i ~~’-~ a 4o~ sitior1 al (1i~~ I t  tO ~‘q ua I
dr cs~ -’s , etc ,) to binar y machine I an gu ~1ge. exceed the base of the 0 ! I oC ti l e  numbe r i n g  sv st e n i.

‘ ~ assemb ly language : The sour ce language used as input to an cen~~a1 processing unit : The U n i t  of a cot n pll t i ng sy s t e m  that
as5emhler and translated by the assemble r into machine includes the circuits cou trol l iza t the inte rpretation and

, 
Ian ~ ua ge. execution of ins t r u ct iomis ~~ t he c~imp ut ~ r P oDer , e~ cIu di n g

auxiliary storage : Storage that supp lements Core memor y, [/0 and other peri p heral devices ,
such as d isk tape. char acter : The general term to include all symbols such as

S
. background processing : The automatic execution of a low’ al p habetic letters , numerals . punctua t ion mark s , mathe-

I priority computer pr ogram when hi gher priority programs matica l operators , etc. -\ I s .s , the coded representation of
are not using the system resources. such.symbo ls.

‘ base : The quantity of different di gits used in a particular checkpoint : A point in time during a program run at which
S ~ ‘ num bering syst em. The base in the binary numbering sys- processing is mom entar i ly  halted to make a record , on an

-1 ~ teni i~ two; thus there ar ~ two  digits (0 and 1). I n the deci- external storage medium , of the condition of the variables

1 ~ 
‘
~ ~: nsa! system (base 10) , there are ten di gits (0 throug h 9). of the program being executed.

S S base address : A given address from which an absolute ad- clear : To erase the cont ents of a storage location by replac ing

~: ~ 
dress is derived by combination with a relative address. the con t ents , nor mall y with zen ’s or spaces; to set to zero.

Il ~. I- ~~~ page : The lo~vest nuniber ed page of a computer ’s code: .-\ system of sym bols a h i c h  can be used by mach ines ,

~‘ 
S memory . I t can be directly addressed fr om any other page. such as a computer , and which in specit~c arrangements have

i binary : Denoting the nu mbering system based on the radix a specia l external meaning.
two. Binary di gits are restricted to the va lues 0 and 1. coding : \Vriting ins t ruc t ion s  for a computer  rs~ ing symbols

- binary—coded decimal (bcd) : coding method for representing mea ning ful to the co n ip u n - -. or to 11:1 assembler . co:n~~ile r ,
each decimal di g i t  (0-9) by specific combin ations of four or oth er language proce ssor.
b its. For examp le , the 8—4— 2—1 bed code commonly used compatibility : The abil i ty of .t r i  ins t ruct i on or source language
wi th  compute r s  represents “ I ”  as 0001 and “ 9” as 1 001. to be used 011 m Ole t h ami one computer.

binary program : A program (or its recording form) in which comp ile : To produce a bi nar y-c od ed pr ogram fro m a pr ogram
all information is in binary machine language. written in sou rce (~vnrhol ic)  ISL I : ~~I Iag e S  1):,’ selecting ap—

I bistab le : Pertaining to an electronic circuit having two stabl e pro priat e su b r out ine ~- f~o srn  a s, s b o s u : r r ’.e library , as directed
s t a te s , controllable by external swi tching si gnals , analogous by t h e  i n s t r u c t i on s or s t I l o l  s~ n i b  I s o f the  — e u r ~ o i r - o .. r . r r : l .
t5) ~ Ii on—off  switch. The linkage is su p1ilicd for e o n i i n  ii sg the subr o:s t ine s in to

bit (b) : A sing le di git in a b inary  numb er , (or 10 the recorded a svork al , le progra m , and roe  s n i s r i i ! r l i m i C S  and l inkage : i : . ’
representation of such a n u mb e r  (by hole punches , magnetic t rans la t ed  in to  b i n a r y  code. S

s tO teO , etc -) . The di g i t  ca n have one of only two values , (j comp iler: A l angua g e  r a r : s I : : i -  s i  ‘g r a m  t ;-,nd t o ,  t r a m s s f i , r t n

or 1. symbols nme an i : sg iu l  to a h r i  11 01 operator in t i  cod es me an—
bi t densi ty: A physical specification re fe r r ing  to the number  i n g f m t l  to a c o n i fu t e r .  \E or e  r e s t r i c t i s e l v . a program which

~f bi ts  which Can he recorded per u n i t  of l eng th  or area, t r ans l at e s  a mn ac l r in e - in c lc pe r . s l e n t  source !an~ uagc into tile
S bit serial: One h i t  at a t ime , as opposed to bit paral lel , in f lmnc i l i n t :  l a n g u I 1~~c of a s;’eciti c cnn ip t t t e r , thus  e~ c !udits g ~

which all  1,its of a character can be han dled s imul taneou sly .  assemblers.
block: A set of Consecutive machine  words , characters , or complement : ( o. ~r ’.’ s) I n  re~ da S --e a l t  0 h i t s  t vt t h I b i t s  and vice

( l i - .t tS handled as a u n i t , p ar t icu la r ly  wi th  reference to I/O. versa. ( tw o ’s) ‘Fri form t h e  one s complement  and ari d I.
S bootstrap : A techni que or device desi gned to )  b r ing  itself in to  computation : TIi t-  processing of n f o r n i a t t o i w i t h i n  the corn-

a (k srr - nol s t a t e  by means of i t s  own action , e. g . ,  a ro u tin e pUter .  S

whoso first few i n s t r u c t i o n s  are su ff ic ient  to  b r ing  the  rest computer (digital) : .-\n e!ectn nmc i n s t r u m e n t  capable of ac-
• - 

5, 1 in - If i n to  the conirni t er  front  an in p u t  device. cep t in g ,  st oOls ,4. ans i  : s r i t l : ’ : i c t r r  d lv  m a n I j ) u !~t t r r l - ~ i n f , s r r n a —

branch : A p r i n t  in a rs s i r  ti tle where 011’. of two or more chnuos  t i s i , which  m c i  s idc - o h s . t l i  °! l i t , )  and the con I I  s1 I i  I l l s .t r I ) t O .

i ’s n it! 5 - unde r  es in t r i s l  of t I m e  r l , u t i r ] i - - he l I l f o , r f l i t t i s s ;  is hand led  i ’  the : ‘rro o f  und O I d n ~ r~
breakpoint : A p o:nt  in a c i s i n p mm t(’r program at which  cor idi - d igi ts  (0 and I ) .  repr esonted be dua l  v o l  - g e  Ic ’. cI~ , mio , sg -

t io nn i  i n t e r r u p t i o n  is wade to permit  v i s l I l l  checi: , p r i n t —  f l e l i C  s tat e s .  1 s 0 r ~~ ’I ~~d h ole ’ .. etc.
0 ’  ‘S or ( th o r d . d s t i g g r n ~ aid s,  computer word : ~~~~~~ “ w a r s i .  

--

buffer : .\ reg is ter  u sed for i n m s ’ r m n ’s! iat e st Or age ol i n f o s r n m ~ t i i s i t  conditioned asaern 1dy: .\ ~. ‘5 ‘ - ::d 1~ Of C ’ I l . 5 i l i  I n t o  of a s l i t -
—; in the tr a ;i .fi-r sequen ce betwe en the  i O u l p u t e r s ~tC ho lic pr g r a I n  I S O  II  c r  I - i l r ’ ,:- ‘!id . :5 ! , . n i ’  ‘l ’cO 05’ ’ .

S 
- 

( i i m n I I b n t o r s  a n !  a j ° ri ph cral d i r t  i i i :  or a d e 5 i g l l I l e d  ~r s- ; s of confi guration : i i . ’ ar r aoae - s n -  . 1  e i t h e r  h , s r i ’ .v . i i ’ i : ~~t n ~-

S in - i : i s r \ i d  to  temporar i l y  hold -l  i . m n u n t ~ s I r  s o f t w a r e  l ’ n ’ i t j i l s s  W~~’ I 5  co : l l i i i f l ed  t i  . .~ 1 0 t -  0 .1

I - — hug : A mis take  in the ds ’ 5i gn or irnp len~s ’ t i t a t i ’ s -  sf a ~~~~~~ ‘\ ~ t i ’ r i I . 
S

I :  P g  i l l  r r o lo  t ” U o  r e - t i l t s ,  Cer n  ;c’le 1 F ’ . I . i l v  t I~~ S 5 \  t n r o l , : l r - . o ’  id  - . • í a  J o .  i . 0 . ‘.1 : ( - : , ‘ s:.” l -
S 

- hul!~ memory : S~ s r I o- i m i  au di t~ 1 I i i  s I n -  ml i i  II I I  h i l l ’  I I ~~ of the  m r s  s~ . an d i n  - i
•

S S ‘ 1 - 0  . 1 1 , 1 5 ,.! ‘1. ’ I sn  I I I  1 1 1 1 0 1  :5 ‘S F - S  I l l  of ~I ( ‘‘ i lr I . , I ’’-r , u ’ .g.. t i n - g o - t i c t a l l . , di - ~, ~ s d r s r n .  t l i t ’  d : ;  iCe .
‘ ,~ 

, h~~~. 1 .‘.. niaj or s t Sll t r ! I : . l l  p o t t h  co h i f l s s 1 1 r 1 g  i ’.v s c r  I l - I c  b i t i l s s l I  cons~a r.t : \ l t l l I C r i  II I I0t~O l’:i~ • t  . 5 1 5 0 0 - !  b~- I l l 5

c i i .  s i n - .  eo : rt c at s :  Tin ’ j 5 i t  - ,n -s , s j , . . s  ~~~ s l . S !  1 :  i r . - . o , O e r  or a
I h,-t- ~ : -\ :r ’oi  p of !Iin iry  d gi l  • 11 sI  I ’ . ’ I ( 1 S  t i ’ s I I I  555 1 i ’s a ru  u i 5 . 5 . 11  l O l l .

- I S i I o ( I t l y S  I , . co::vert : U To s h . i : 0 • C O O l ’ ) ’ 1 1 1 , 1,0  s I  . . ! ‘ ,‘ i . i i I j \  t o . . II  t i ”  -

C ; : 1 11 1 cequen ce 0 , ) i ’ i  f le d ~. t  o . t  i i  I I - L i C t i . s I O  :0111 1 .11 . 5  2~ l’ s n - a n — - ’ er l ! . . m . i  l r s c l l :  5 I l - - C .  ‘. i i .  t s ’r l l l . i (  ( i i  cu d’ . ’’ -

~~~~~~~~~~ 5 ‘~ -~~Y I ~~ t t i j i  an i - I ‘ a I i , i  . i ’ . c n  lou l in ’ . ’. core : ‘i ’ !r 5 u I l I I P ’ .’ .— c  - I ‘ i I ’ ’ I I  i f  I ,  • go 0 5 , 50 - i i . S ( i 1 l I ’ .

~~‘ 5L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---—-“-‘ ‘ —  _._ - S  ~~~~~~~~~~~~~~~ 5 5 - — —,--S~~~~~ S .- --
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~ 
~ ~ is .t ring of ferrite ma terial that can b~ magnetized in words ar e norma ll y stored in two adjace nt rnt mu r;  !oca-

~: ~ ~ ~~~~~~~ or counterclockwise directions to repres ent the don5.

~~~

‘- W
I . two b inar y di gits , 0 and 1. double- precision : P ertai n ing to the use of two com p u ter

~ cor e memory : The main high-speed storage of a computer , in words to represent one n u m ber.
. which bi ssary data are represented by the switching polarity downt im e : The tim e interval during whi ch the device is

. ~ of magnetic cores. inoperative.
current location counter : A counter kept by an assembler to dummy : Used as an adjectiv e to indicate an as-t iacia l

determine the address assi gned to an instruction or con- address , instruction , or record of inform ation inserted
‘ stant being assembled. solely to fulf i l l  prescribed conditions , as in a ‘°dummy ”

current page : The memory page comprisin g all those locations variable.
wh ich are on the same page as a given instruction. dump : To copy the contents of all or part of core memory,

: cycle time : The length of time it  takes the compu ter to r efer- usually onto an external storage medium.
ence one word of memory. dynamic relocation : The ability to move programs or data

S ~1ata: A general term used to denote any or all facts , numbers , from auxiliary memory into main memor y at any con-
- S letters , and symbols. It connotes basic elements of info rma - venie n t location . N  ormallv the addr esses of programs and

~~ 

tion which can be processed or produced by a computer. data are fixed when the program is consp iled.
jata acquisition : The gathering, mea suring, di gitizing,  and effective address : The address of a memory location u lti-

0 recording Of cont inuous-form (an alog) inf or m a t ion. mate ly affected by a memory ref erence instruction, it  isS data reduction : The transformation of raw information po s s i l b ~ for one instruction to go through several i s d i r ~cts _ gathered by measuring or recording equi pment in t o a niece addresses to reac h the e f fect ive addr ess,
condensed , organized , or usefu l  form. enable: .-\ si gnal condit ion which permits some specific event

data word : A computer word consisting of a n u m b e r , a fact ,  to proceed , whenever  it  is read y to do 55 5
•

- or other  in format ion  which is to be processed by the corn- EXCLUS IVE-ot t : :~ log ica l operat ion in which the resu l tan t S

p olar .  q u a n t i t y  (or sign ab is t rue if it  least one (but  not :111  of
debug : To s’hiu-k for and correct errors in a progr am. the i n p u t  va lu e s  is t r u e , a ri d is false if th e i np u t  va U- -’s are
decimal : Denotin g the n u i - sb er ing system based un the radi x all t rue  o r  al l  false .

ten. execute : Ti’ fu l ly  pe rfo rm a specific operation , such as would
decrssment: To i:i-r .s,n g e  the ‘s a) u e  of a n u m b e r  in the nega t iv e  be ace o l o I l i s I l e d  by an i o s ’.r u ” t i o n  or a pro gram.

dt r e c r .n-rr . If not  o t l ’ • r u - i s ’  s ta te d.  ~ i !t ’cr,’ ’ I l s ’ f l t  l sv  I ’ ( ~ C is exit sequence: A ss . lcs t a s t r ’u ct i o a s  to c on c lud e  oper at i ’ir ’
not: d y  . i oo - ’: n d .  l i i  i ’i I L ’  0100 .1 11 ’. ~, I I l .~m isl to III ye  t s s  . i no t l s s :r  a u c a

delimiter : :\ character that  :-i ’)sa r ate s , t i u ’ri : i t i , t t c ’ s , a nd ocr-  external storage : A s:), ’i r i l e  f ac i l i t’y or dev ice on u 5 ic l i  dota
i g 0 ;l i 7 e~ ‘s- l l - l r i ’nn - .  i f  a .-‘ t l t t e rnemlt  s a— pro -gr ams . i i s ah ) 0  b ’. ‘ 5 1e c o : l r l s s r e r  ore  st . _cr- d (su d s as p00 ° r

-- davice e l e c t r on i c  or electr ’ 1:n . ’r i :ani . ’al i n s t r u m e n t .  Most tape , or d i s k ) .
car:. m0s.h.  i l l i p i t e s  measur og, reading,  sr recordin g equip- field : H One s i  I I s  I i’  char ect er1 - t reated as a ‘~‘ ;l ’1t. ~~ment .  s ) leci t oe - o1 area of a r es o l  used 5 ’r a sisu g ie t yp e of (Ia Ia .

dia gn ostic : ~a o l i ~’ - t i ’ .- e) Rela t ing  to test pr ograms fn sr  d~ t i - c - r io :u  file : .-\ c0 ’ - ,- c t i r ’ n of r eLs ted  r oco rd ’s rn ’ated is a un i t .
or errors ir  t i c  f u n c t i m m i n g  sof hardwar e  or S It u - O re , or the file name:  .\l p h a n u n t e r k -  chai’j i rer s used to i cI ~ n if ’, ;o 1 . 1
n’ c-s .rges  r e s u l t i n g  f rom such te st s .  (Or so n)  The test p ro gra m t :c ’’,la r t Ie .

S or -~ 1oge i t c - l l .  fixed p chtt :  .-\ num erica l  n ota t ion  in w h i t-h th~ f r o c - r i - ; i p s l
di g i t :  .-\ si~ ‘1’ te l n:C ’i  to rep resent  one of the 0 0 0 n u g - o t i \ - c p o int  ( . e h o t h e r  d~~e i n i 5 s 1 ,  octal , or I h o ar y  appear s  at a

- in t sr ’ss s no o P e r  tlion the  ,‘aslix . e.g., in i , IT ’ : l r ’ . Il ,t n t i - .,I . C i ’ f l s t I l I ’t p i  od e t c r n I i n i ’d ~ s °~ i l : . cn .  (C’o r tp~~ri — w i t h  “floa 011
I) sir I i-n-s l ot. ” .

direct ad fr ess : .- ‘ n 0 c , ! - I ~~e5S t h a t  s(utroi t ies  t !:s’ Iuc’ a t i ss s ;  of n i t  flag : .~~. .:: I l l s i  sir  r e : o vr  t iSC o ’ to r, :cor5l I l l s :  s t : o t  IS  01 0

i o i e : r o, l o : t i . . n  o s ; o ~ r,o r .d.  p r c o gr . I a I  or dev icc . — - i i  t i l l :  U t t e r  1 0 ’ I ’ , S ’ I O o ’t i ’ , s  ‘ - ‘led
direct me Ttary acca.o : A n , - o n ’ s  i ’~ t r a r s s f ’ - r s s , o g  a I ‘i r k  of “ o l e v~ s ’sr :1

. i r r t o r r r r . n o n  ‘.vs , H - ’ i i r ~rr lv b y  t e e n  0 1  c ’ s t c ’r nj  di ’ ie . - s c s i  fli p— flo p : \n u l ‘o - ’ r o s l ic C I r c i l it  h a v in g  1 O C  ii s t O l I l , ’ 0 : 1 ’ s . , I I  -0

I .the c01n 5 1’ c r r s  r n c I ’ u , s rr , iym : a - ’o: ig  t 1t ~ :- -- -:d f o o l  r c ’p - .l t i sg h O . , ; o l l i ’ s- .f S l o g  a l10 ~~ (li . t i t  I m ~- ‘I ’ ,~~~~~’s ‘r e  COO-
.5- r I cc r ’ s ’ . u i o ~ t s r  s - b  o , e rd.  T i n .  ‘1 -: L 0 ~ry - n I : y  ~~ - ,-d - . ~r csU os! s o  ‘s o ~~o~~l , ‘ s - ” ., it t he c i - c u i c  I n p l l t  : 0  1 i - . ‘.o : - ’ j

I . r h -  n - .~
5 

‘1 pr ’-r il , I s ’ .  r:~~~ d e . , 1 ’s  at  u . ( r u t , 0 . L ~~.I . .
I i1~~. ~~~ : .~~~ ‘sign. s. i  o e : c ’ ! i t s o n  (S l o l l  1 i l 0 ’I s l l l l o O S  . o O I s ’ s~ s . ’s - t f s s ’ l i e - o rb : : :  p c m n ~ : .\ l u r e - : - - o~ Os l a t u o m i  i n \ V l l i o ’ I ’  :1- - I , 5 ’~~~f r S C S I

- - 
5 ~- - .- .‘ru fr  a pr ’s - - . -- . n o .  tb ~ :- ‘ i S ’.’ I t  l I  1 1’ s t u s : h e r  ar ”  So ’ ’ O  ra: - I ’ .’ c ’ ’: ~-,- ‘r 0

- 5 l . l ~Id s to r s  : .-\ m o - n - - c s  f .~~t - l : - i . I g  ! i ’ 0 F ~~ s l O t.. ~~~ S ‘ i s  i r m ’ u s . f  p s i ’ s ] , i ’ ’’’~ : s - l s ’ ’  t o ’ . ’ . : ‘ o : o l p n r ’ r  (I ~~~~~~~~ ~ - ‘  t h a t  1:1 ’ .- .‘O’ .al
01 - . l O , ’~~ s - l  ‘p o t ’s  5 1 1  5 t W I l l  O i l !  p i , t t C  i ’ l s  I I ’ ’ -

- j i o~~i t i . o . i  f tla ’ I ’o:o:i o ’ I u ’ ; u ‘ 1 . ~i 1 . 51 , o r  l s b s a r:.”s
i : . : :0 . - I  .‘ I , i - n  0 TIe .’ i l ’ ri i l I  5 0 5 0  is ’st r d  ‘ : i :I r o - . i ’ v ’ .”l 5 . 5 ) .  a’ t’i ”! . r n  1 ‘.o i _ _

u I ’  l i e s - I  5 S i  t O C  i t  ‘go .’ ~~~~~
- . “S. ( l 0’. ‘ 1 .  SI i i  ‘ .5 0 ’ , ~~~ : 5 ’~~~ I 5 5 5 , )  S I :  ; . ,  I i  i so  S s s i .  r t r o ~ o ( ’

~~ ,~ g ’  :- o o 1 ~ l ‘fl oct l  iS . ’0 : . P
5 1 5 • ~~5 i - i  5~~, c l L  o s i h ’ ’ r  s~ o u - . ’. , n ’  ti ’ .  I i :. ’ s “I u i ’.- d - L  l iv.’ c h a r t :  \ . I , - i : r , : mn . ,  - n t . . 0 . 5 , 5 1 - 1 0 1 . 0  5 S O j I ’

‘ —I i  p s 5 _ i I ’ ’ - _ — - — rI s 0 .

S ~~~~ (I n 10’ e l ’ ’.. - :  .\ i~ ‘ h O c !  ‘: ‘ 1 o 1 ’ : ’ . , l 1 l 0 . ! t o : r l - o I , I s - o ’ .,. t j ’ r : s , s . Sr oS:I ’s s I O - ’ I i ’ ’her  ~‘~~~~~‘ :‘.‘ p’o cc- o h  r ~ ‘:s

t 

- - 
- ~~~~ I s  -tI m’ .O-, o ! . c r 5 , i-o , . - 

- ‘- rOb .  o~ s o i l ,  ‘ l . I l ’ . I , ’ ‘ o f ’ - - ‘ ‘ r , u  ~‘:‘n - ’ u ! s -  1 5 C r  h.t -e , ‘ ‘ O h  1’ ’ C ,- O . ’ I . ~~ i f l  O s l l-
I 5 .,i_ 0 1  1 i ii i t  S . t I f t  I n - S I  I r I I 1 P
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-
~ translates this language) which p er r ’nit s p r ogra m s to he m emory reference instructio n ~vord s) only part of the word .

i 
5 - S wri tt en in a form resembling algebra , rather than in de- interface : ‘I ’he connecting circui try which links the cen ’ . s

- t a iled instru ction by instruction io ’~ mat . processor of a conip ut er sy stem t o s  its peri pher a l dr ’- i ’ -
forward referencing : Th c oced to refe r to  a symbol in li f O r . - s - I t’, ’. ‘r~ al storage : TI - . ~ ~~~~ ~- f-~ - ‘ c i ~~~ fn r u ning a~ Integral

gram prior ~ its de finition (i .e. ,  tryi ng to assen sble the ph ysical pas t of r I s e  computer an d di : cct ly  d ’ i i , o l , : : l e ’ O  s o - .

S instruction 3CM!’ PLACE , where rLAcE is a location symbo l comp uter. Alsi) called “ main memory ” and “ core memory. ”
- : . further down in the program code). inte rpreter : A program which translates and executes source

S ~ 
(WI-dup lex: Descr ibing a communicat ion channel capable of language statements at run iO n ic .

. simultaneous and independent tr ansmissio n and reception. interrupt : The process , initiated by an exterani device, w hich
gate : An electronic circuit capable of performing logical func - causes the computer to interrupt a program in progress ,

‘ 
tions such as .~ N D , OR , NOR , etc. generall y for the purpose of transferr ing informa t ion be-

‘ 
S half-duplex : Describing a communicat ion channel capable of tween that device and the computer.
‘. transmission and /or reception , but  not both simulta- interrupt locat ion : A memory locatio n whose contents (al.

- neousl y. ways an instruc t ion) ar e executed upon interrupt by a
5

, 
hardware: Electronic or electr omechanical components , in- specific device. -

~; .. stru ments , or syste ms. itera tion : Repetition of a group of instructions.
high core : Core-memory locat ions having hi gh-numbered job : A unit of code which solves a problem , i .e., a progr ams -s and

-
. 

~ addr esses. all its related subroutines and data.
S INCLUSIVE—OR : A log ical operation in which the resulta nt jump : An instruction which !or ~ ,iks  the strict sequ ent ia l

q u an t i t y  (or si gnal) is true if at least one of the input values Ioc a t ion -h y -Iuu cai ion operation of a progra m and directs  the
is true , and . is false if the i npu t  values are all false, computer  to continue at an i o t b e  r specific ’.! location any-

S increment : To change the value of a number in the positive where in memory.
direction. I f not otherwise stated , an increment by one is K :  One thousand and ttv ent v -four.  For examp le , 4 K words

- - . usually assumed, of memory means 4096 words.
incremental magnetic tape : A form of magnetic tape record- label : Any ar rangement  of svniiuol s.  u sua l ly  a i o i h : o n i u n : o : n i c .

ing in which the recording transport advances by smal l in- used in place of an a I s S s ’ ! t l t e  nu em ory add ress in c i n l : o u t e c

cr cment .s (e.g. , 0.005 in),  st opp ing the tape advan cement  programming.
tong enough to record one character at the spot located language : The set ‘if symbols , rules . and con. ’. u n - t t s , , i~~, used to
ur s lor the recording head. convey in f o r n m i a t i r u i , e i ther  at  the h u m a n  leyel or at th e

index reg ister : A ru enlory device containing an index. (See co itnput er  level.
‘ add ress modificati on. ”) lea der: The lu l ank s, :c t ;o -o n of t ape  lot the I c e g i : n u u i  fig s f  s h e  tape . -

ind~r act  address : The address in i t i a l l y  specified by an instr u c- least significant d i g t :  The r i C l r t l ’r s e - t  dig it  cl a n h m n : ! ’ cr .

S i .  s — when it  is desired to use t l u l u t  location to redirect the library routine : n - s o s  t o n  de~ig uo ’s ! to  act s~~ii~~lb.!~ some con s-

computer  to some r s the r  location to f ind  the ‘1t ’ffect iv e own]) ’ used n sarhcn c at ic al  f s i i i t t i ’  ru and k~ept p e r n - s a r i C m lt ly

ad dress ” for the inst ruct ion.  a’. .t i l . t ) c lo  (01 a h’ . r an~’ ] ‘ r n g r s  ct  -n e  (e.g.. For ir ,on l :P : i

informati on: A uni t - or set of knowledge re~c rescic t oil in the line feed : The Teletvpe oper a t ion which  :o!o-a:l c: es the  paper
form nsf discrete “ words . ” consisting of an arr . imi g s-men t of l iv  one l ine .
5y I f i uis  sls or (so fa r as the di git a l cornp tmter  is cssnce r ri cd) line tiumber : In  “our c e  ,° i igso ’~.ze~ such as Focal , P i .bc. and
b in cry  d i g i t ’ s. F i r t r a n , a su u i i  tie r  ovh eli l - : ~~ is a l in e  of t he sot rcr ’ pr o—

-, inh ibi t : To pre vent a speci fi c event fron t occurring , gram for j i c i r ~i. s - ~- s of i C I u : l l t l l I i , . 1 t 1 o 5 ! 1  A l l l ! l i l e t i C

S - 1 initialize : The pr su ce ( lu r e  for setting various pa r t s  of a st ored linkage : in isro str.i oh : 11 1 .,, 1’ t o t  c. o : h l l e c r ~ t o n s ,  ‘s~ - . 0 ,  - 50) 0

sr  s g r a u l l  to star t ing values , so that the ]o n . ogr :s:n w i l l  b ehave s, s I r ’ s!  m u  t m o ~-o .

- tl:e oa noo way each time it is repe .n t  s d .  The pr o o s : s - s l i i ” e ~ ar e list : 1) A set of i t ems .  2 ,o ‘ I . ’  I ‘r io  ‘ ‘ l I t  .0 l i s t i ’~ c O  s - h ’ -  l i s t , ’
i : u o ’ t i ’ r ~c-d ~cs part  of the program i tse l f .  ; s n i c l i i - r  or Tc-Ie ’. ; oo:  ~~ ‘ Iso,” ’ “ i c : c s , P , ! . v , ’ t~ P. s. .

inpu~ : I n f ’ u r c n , o t i s i r i  s -r .o o: .f- :r re d f rom a s :n il s !s r r ra !  device j u l1 5  literal : \ sv in ln s ]  it idols  s l u l s I l s I . . I : —  O f .

t I 1 - t 0 m ; o i l t s : ’ , \ l  -s- s applied to sh e  t r a ns f e r  pr~~5 s ’:o’s i t s e l f ,  load : ‘I ’o pot  T ; f ’ -~~l 1 . i d - s n  i s :’ O o : , . 5 S S 5 I ’ O  a r s ’~~l- .’- r . ‘Os  0.
irlput/out2ut (h O) : I - t : - ! a ; i , o - g  to t I m e  e q u i p m e n t  sr mn~ tlio d \ ) — . ~ ( e .g-  ! , o . s i I s - ~~ T o n p : ’ o , L - ’ ’, 0 1 l t  r i u t . 5 ’ fl ( t o i l ,  11 . u f l i  U % t ’ •

u~ i s l  fu r so - .s n i — r : i t t i n g  i n l o r n i a t i c i n  u s 1 0  m u d  ou t  of t h e  Con s— t i :  . u l s ] s r c i ] i r : . 0 0 0  :.:v i 
load t ime: 1 l o t s  ;m t n -  a m .o h i -:  l u . 110  1 o  o s - i o i ! , l ’ -’l 5 s ~ .o— a-n I —

i n put  ;out pu t  chann el :  ‘l ’I c e c s i ; u I ] s l i - u ’ -  i n p u t  or m i t t ’  s l u t  f , n o ’ i s n t~ p l o — i! i i i  t i m e  ~~s : n p s - u t o : r . t n s I  s s ’ , u . h : ’ d  f i s - ’ t - s  0 0 1 - I l l .

‘sn - . 5:0 05101 b l i n d  1. ’ -. i ’ - ’ or f s i i s c ’i ’ oi . i m c c l m m ’ l i n g  i t s  i ’ . i gnc ’d  Io ’sder: .\ ] i r i l g r r i u 0  il ’. -~~g o’ s - d 1 5 . 5 - — I s  t I I I  11 ‘ I c — i s i  .g  I ’ ’ ’

- 
- t i n  hi ‘Ii ’- t n .  s i r  t . ‘r, ili e i s :  ‘ c ’n ~ ~~

‘ ‘ “ ‘ l i i  r I , - I s I s !  I t o  I ! .  s i  I t o ? 0 0 5 . 5  0 \ t :’: ’c l . . I !  Os” . ic ’- lii I’’ a c s ,  . 1 .  ~~~ 2 ’ . .  ‘ c s ‘1 -

0 - 1 5 5 : 0 , . !  d. -. L ~~- , I s o i :  i t.t O n I • .\ g u s o l - r o  o f  - r a ge  s - I s - w i n ’ - i ’ s s ’ : ’ : . . - . - r :

. mr drsno ’ - u n :  ,\ w r i t t  U . l . . s s u I l ’ l l t  I s o  i i i - -  e q i r k . ’.Io ’ o s t  s’ s n l h i ’ . - t s ’ r  n i - - i s l . s r v  0:1: 5 5 1 , h i l l  S~~’ ’ 1 P  ( i ’ m ’ ’ c i l l S ~~~ t l i i ” ” s ’ - s l  I ’ .’~i . s “ 5 0

s - S ! ’  v l s i  i s i l k  t b . ’ l - . . o l ) o ’ o ? & ’ r  I s ,  i - \ s ~ s 0 t i t ’ a h i s i -~~, i i . i r i ,  i , l s ’. : s i t i t t l  I ”. a T I . j I ~~~~~ 0 S ” , i i ! S ! ~~c - j c . I . ’
. 5  P) -! sur ’g 1 .’ .p s ’r . t l : s s r s  r , s r I l C I -  11, 151 r o ’ c : - . ’v_ s) s , s f  i , t o ’ ’ u -  , 0 s b s i  ‘ iii _ _ S

~~f~ 5 ‘p , ’ . ‘Os.

- I b i s -  , m ’ - c . l ; l g s - : o l . ’;r S st I i i : u , i n -  ,h . , i t  s -0 s I c  l , , 5 t e a I  oop e r 5 s t i. s . t  : .\ ‘ - t L . ’ - .  o. 0 ‘ - ‘ s - : - -  I .  - ‘

c - I ’ - t I . .’ c ’ ( - . ’ c t , i t ’ , s 0 i n - ’  c s 5 s ’ a ] s o r i . -. o . o n  c i - ’ n - u s a .~~ i ; c s - i ~ .:c~o i .~ V t ? T k  0 ‘ oh ’ — . s’ .~~ , \ \5 )  i ” .  t . i t ’ . m  - 5 . . - . 1 . 1

r 
h i s s - r u  5 0 ,0 11  l u _ i - .: : }s ‘ i - s u i t : ’  i ! I l s ’ l . (’d in I f i O i V l M o  l u t e ’.  5- 0. 0 1  ‘ . t’ . ’T t~~5 5’ l i i  . 1 — . 5

. 0  - i t i s s O  l i’ t ’ ° , C i i  r s -g i . . ? o - i  ., i i  . 5 - , : ’: , ~sn d  s i t ’ , - - , in logic r li . igr ’aols : o I o ,~~ ’ ~~ t o  1, l~ n’ h i ’ :’so ’”O - i i .~’ hs , . t ,~ u -i ;,
~~-

I - ‘ c  c u l t - s i  0 5 0 0 5 0 ’  ‘‘ .. ;nt ’ , o rd i mc g 5 I l ’ - t I ’ ’ t c ’ t i  ‘ l ’ s t s . s l o ’s, t s t ’ u l : s l  ~s : i m . - S i . ’ - i : : , c  ~f ‘ ‘~~‘ - ‘ i o 5 ’  ‘IC I .  ,, ‘s l i n -~ ’’ . s - hot i .~
in r t : _ . :t uon word:  A u . ‘ s l l s 5 u L 5 ’n W I ,  i i  c ’o i r l m . u i r : i c l g  I S i s  j ; s . . l r h s ’  1 1 5 0 1  log ic ‘s ~ u s u h , ’ b  - :  - ‘1 I ‘ t i :  ‘ . I l - ’ i _ ’ .Ub ‘ . o s c W l , ’ n5. 5\ ’ _ 1 ’

‘ - i~~ - 
~ ) all or ~ss the case ot l o g c e  on eritt ’. ’n n ia t lwn i s t al ‘ot~ t s ’ i i m u - t t i -  t i - s in g
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i , , ’) . S,t s ’, ‘ ‘iE O1Utr.0 L- C o~( C0 t E R T E RM 5  L ~~~ ~ ~~ v ~ ~ ~~LE CO?Y ~synihcs! s and rules derived fro nt l3oolea~~ al gebra. Specif- put t - m s  p h ysical ~ izc~ and i ts  word size : ob ;t t a .p a t h  w i d t h ; ,
i o : a i b s  l t an d ,v a r e  desi g n s , a means of stating t h e conditions M O - st  m in icomputers  are clcrs i,~u 1eml w i t h  a 16-h word size .

-
-

- 
. required to obtain a given si gnal .  b u t  sizes from S to I’i b ar e co io . iube r ed in the minicomputer

loop : .-‘~ sequence of ins t ruct ions  irs which  the last instruction range ,

f 
I j~ ,~ j u m p  back to the fi rst instruction , monitor : An opera t ing program ming system which provides a

~n - , low core : Core-memory locations having low-roumbered ad- uniform method for handlin g the real .titn e aspects of pro-
dresses. gran t timn u rmg, such as scheduling ami d basic in p ut . ’ ;iut pu t

mach ine : Pertaining to the computer hardware (e.g., ma- funct ions.
chine timing, machine language) . most significa,n~ digit: The leftmost nonz ero di git.

machiz~e language : The form of coded information (consisting multilevel indirect : Indirect addressing using two or more in-
.of bi nar y di gits) which can be directly accepted and used by direct addresses in sequen ce to find the effective address

. the computer. Other languages require translation to this for the current instruction , S

fo r m , generall y with the aid of translation programs multiple-precision : Referring to arithme tic in which the corn-
“. (assemblers and comp ilers) . pute r , for greatest accuracy, uses two or more word s to

‘ ~ machine timing : The regular cycle of events in the operat ion represent one number.

L ~ 
of internal computer ci rcu itr y . The actual events will  multiprocessing : Utilization of several comput ers or pro-
differ fer va rious processes. but the t i ming is constant cessur s to log ically or functionall y divide jobs or process es

- 
. S 

‘ through each recur ring cs’cle. and to ex ec om t e them s imul taneous l y.
macro : .An asseml) I y-tirn e facilit y that a llow s lines of text to multiprogra mzn ’sng : A system of execution of two or more

be na med and saved by the assen shh er , to he retrieved ari d programs kept in core at the same time. Execution cycles
moditie d by the subs t i s -u t iun  of text  for d u m m y  names in between the progra mlo s. -

S

the saved t e xt .  The resulti n g modi fied text is assembled to t normalize: To adjust  the exponent  and fraction s~ f a floating-
t h0 poi nt ot retrie val , point qua ntity so that the fraction appears in a pr escrib ed

macroinstruction : An instruction , similar in binary coding to for ni a ~ .
the co rns - In ter ’s basic machi n e-language instructions . which object programming : The binary coded progra m which is tl:~
is cap a b le of producing a variable number  of machine- outp ut  after  tr an s !at inm from ti n e source lar .go: a~ r : t h o t
language ins t ruct ions .  b inar y  program which runs on the computer.

magn itude:  l ’hat portion of a computer ovord ov iti ch indicates octal : D enoting a numbering svsteni based ott the rad ix eie ”l~~,

t I l e  ahs sdu t’t va lue  1)1 a n u m b e r , thus  exc lud i m: g  the si gn Octal dig its  are restricted to the \‘,d :lcs  0 throug h 7.
h t t .  octal code:  A notatio n for wri t ing n i z - s c l t i n s --b an guag e p — - -~ n s s : s

ma5k : A I t  j s : t t t e rn  which  Se!ieCt: ’o those bits f rom a word of with ti me use of octal n u n u b e r s  im m ss - earl  o ”f !sh..n rv 0u ’l :  y s -~ ,
s ot i t s - h i ’. are to he u s i c !  In 5:50:50 -  subsequent  opera t i on ,  off—line : Pe r t a in ing  to s-h ’ .- op e r a t io n  of per ip hera l ,‘, l l t i ’soie :lt

— l mas~—~toca~ ” : l~,’ - 5 r o i r b ng to .o de ’.’ice , such as ta ise or disk , not under  control  of the cou:n put e r .
‘. . h i e b  s: s: ’es large a tr .oua ts  of data readils t tcce sdhle to the  one’s complement : ,O~ n r t r a h er  so mnodi r ie d that  the  add~:i ’oa 0)
0 0 0 t n a t  pr o cessing u n i t ,  the  lr .o dlified n u m ber and i ts  original  value , ~ l s r S  or e , w i l l

media conv ersion : The t rau : s f e r mnc 1 of recorded i n f o r m a t i o n  equal an even poover of l e o , , A one ’s com r ’.l e r n eas - t s s :mh e r  is
f r - ,m s si t os  r ecording m e dium (e.g., p im r icher! paper tape, obta ined mnatberm i a t i ca h l y by sub t rac t ing  the ori~ m n i a i  ‘. -al :se
::: ,ig n ’ e t n c  tap” , etc.) t i  anothe r  recording m e d i u m ,  from a r t r i ng  of i’s, and electronical l y by in ’ :eno i s , -.1 t l ~~

memory:  .~~ot . sr g ani z ed  collectio n of storage elements  (e.g.. s t a t e s  of all bits in the number .
‘ e r n i t e  con. -~ ” in to  which a un i t  of information consisting of on—line : Pertaining to the operation of peri pheral equ Hnt urnn .

ru b inary  di g i t  can be stored and from which  it  can la te n  be under  computer  con t rol.
~ r. ’ I r i . - \ ’esl. .\ l so , en device no t  necessarily h . iv in-~ ind iv id u a l  operand : ‘l b s  I ovh ich is effected, noe o ” i p s - r k t t n s i .  tar ‘ ‘~ s - t , : t u - - I

L 

,;t ’’r ar t o’ e l ements , bu t  wh ich bi as the same st ru r o :g’ o end u pon. The ao !drt ’s’i o r  s v mhu! i c - m m arn e  p ‘ u t i n t i  of .‘-urt  .0-

r C t r i e V , 0 ,:t i. 5 055 i s i l i t i e 5  (e.g., n ? -t g n e t i c  disks) , scn il lot r i n st ruc t i on ,
rnemorr CyC le : That portion of the co mnpu cn ’s in te rna l  operat ing system : , ‘o : ’  i n s - c g r : ’ t c s !  co 0 ’!o ’cr.i ’ t ,l sf ro th ’ s -s k r
• t u n r i r o ~ c l : t r i : : g  arhi ch t !oe c o , l0 .Ofl t S of 1,00 location of memory  supcu -v i ’5i n g the 505 lUCIiOiii ’Z of P ’ ’C” n : : i  ov a v’s’s 

ar e  read omm ( i n t o  the tr 5oc ’ - o f v - r reg ist et )  and -i r i o  o n  hack e.g.: , i , ’ l s n l c ’_ in g ,  i ’ l r ) :lt o i t  p ’ t t .  i i . r c  t in ts .  C’s? : :  p u ’ s :1  :l. a s s . .i
i n t o  tI :  - t 5  lou -a tom .  s t s sr : s C e  s u s ’ s ’ g n l n i o ’ s u t ,

memory rsodu(e r\ c - r o n p l e t e  :°e ’n’ en t of stor e t o :  nr a s-t ’ - 0 , o s - o ,u h l , ’  operatio n (OP) code: Ft.  ‘ t  part . 5 as: i n s t r I r i ’o : s ’l 0 — u — S t i r ’ :
.
~ 

, - ~ 
-sr ’ s r i o -  a : ! , n m s a h h e  : - s s , : s i - ser of O n m p L m t .  r ~~~~~~~~~~ .~s ’  g,, the ( - p n : n r s - i u s ’l 2 ’  he p s - n s s n o : i e ’ s l .

~
(u ’)( iii- i4 1 ) 2  is ,, r L l . (‘ 05 - li t~~r o.t c s r l u g e  cap ae i:~e is i n er t ’ operator: Tha t  us 1 ! or n - s o i l ’ ’  s~- i O i ’h iu ,h ’ ’ . t ’ ’s  ‘0  s c n i s  :0

un e r s t ab  ,, i s i c s d  s o l e s  and is r :’ r p r c ’rl c k rv i cuios, j t - , b o s~~ o~~~l i i ) -  ( ip ’ :r;u I I t o  I - i  h u t ’ j m e r f , -s :’ : i o ’. -s

~s e : ’. ~~~~~~~~ “4K ” (i c ’ . ,  U ) t  “r  a p p r o x i r n  u t e l y P - I t s  ‘, v ’ ’ r s ’, l , op t i m um u : , ): s :. .’\ i- o ’~ i s I  r o s s O l i n e  l a m I ~~ t u . c g . .’ i n  ‘ s - : r c o’d t - : s , s . l t h  In
~ 

- il i s  80-JO), “ I  (oP  ‘‘ u ’ r s ’~ I ’.  ~ 
- r d - - s c ’. , ~!_v r : ‘ o ’ j . ’5Y ~ ~ ‘i!/i r- ’,’.? r  .‘ t’ , a p o ~!~e ’ . ‘::r

mc!o :nr i r _y s- r .o tuu : t : .\ m . , c ’ o u : r .s c o t  s : ’ ’:\’ I ’n t : s l t i  i I I , o u l 0 - s ’ r ? ~~- i (  . ‘ . l ro t , t .  e.g .. cs . i : : i m : l u : n m  u i , c , t . 5 0 5  s ’ - , ,  oS . (‘r lt u i . : : m - :s r’. lx’ s ~: s o ,’ - ’

I h O  .1’ s cr .10 ‘‘ ‘ ‘C 1 ! ’ ’ ’ m u ,‘ l i - u i i , o , ’ . . 0! - . t r u r ~~.s’ — : o c ’ ’ ,

?r c . n ’cr ’,- : s - : ’ r  . ‘ .s. :e : ‘ I !s. ’ r s ’  !slre s n . 1  th i s , ’ m , m ’ : : ’ t u - : ’\ In ; c : s ’ s : s  O s o :  ~i o : s : ’ -s c  r) ’\ l .g i— ; : i t : , - - n , s : : , ’ ’ i  i— I I ’ S 5 1 s ,’5 t l , ~~ . s_ o h, i -  r t .~
-: “ i l l 0  I i s ’; :n ‘ ‘ s e mi s s r% ’ - s ’ i ’ t c  s O C” 0 t n u s ’ t l o , f l , i . ’ . t h  i. ” 0 ( ‘ i r s ’ or j i s u l l ,  0~~t’!150si ~ ~0’ IC’! - ’, t O -  I f . t l ’ s . ’ il l . - .0’ —

.0  : 1  1 .  sltt ’ imt  ; t r c lm ’ :o sro . (i~~Cu ’ _ s i : o 0  s o ..’ 1 ! — , ’ . ( s - s ’  I ’ i — ’~ t c ’ ,5 .-\ . - ‘4 i ’  ti i s , ’ — i O t I ’ - : c  - . ‘:~
m i r m o i  s:, ’:t : c ’iun i  — \ l u  to  I s o  0 :: w i d t h  f t  u . l a m :  ‘ s t  .u “0’ s ’ :  th i , ’ r .~ ‘ ‘ I t  i i  r n - s ’ ’  i f  o ’ ’ 1 ’  n - i

— s . ‘ .s ~ud 0 ~ , J - . ‘n i , !  d — ~ f l — i t

t ’5~~5 
~ ‘ - 

~ ‘ ‘ - f l  r u -  I i S ’ S , . s s ~ . : - r  or  5 1 5  .5 mc c i t  l I - - :  r o t - .- s r  h,!
‘I t e t , : s  ‘ o ’ , ’cl i i ’ I : -  : o I - ~~ — m i o : u l I  ‘ ‘ - s r ’  o n i ’p n  : ‘I l: ’.’ .‘ ‘ o — o , i i , t n  _ o I . h . ’ — . . ’ i i t ’ ’ ’  st’ .I f i 5 I ? i f l .. ‘‘t It v - n ’.: ’ , : 01

0 
i i m t0 0 . I n  n t -  ~ t’i1~ - 5.’, s l I l m n i h l  usua ll y im ; plIe .s bs.sth thi~’ coin’ (‘c ’,,ie. 
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13 l’ROCEEDI”t s :5 i iF  ‘rfl ~: sesise , au ’.: n il- st 1)7S

I out ~ ut : ln (c,rmatior t t r att ~ ferre d f r i , uot ,  the computer to a Im m i only to the pru gr a m cvs n t a im l i n g  it , rather than to the
: peri p i. - -o al (be~ i ce. :~ I~ u ) app lied to t h e  ~r ans fer process itself .  cu s rnptlt er as a mitach ine  ir i s t r u c t i on .
t ~ overflow: .\ con dition that occurs when a mathe matical up- punched tape : .\ s t r in g  of tape, mt ~ uaII y paper , on iv h icli in-

: erat ion ~ 
i ch i l s  a resul t  irhose magni tude  is larger than the formation is represented by coded patt erns of holes

- progra msi is capab le of handling. punched in co lum n 5 across the width of the tape. There ar e
-
. overlay : ‘I’he operation of bringing into main memory and com monly S hole position 5 (cha nnels) across the tape.

t_ executing a segment which is a subprogram (i.e., a more or pushdown list : A list that is constructed amid main tained Si,
. less separ ate entity) of a larger program. that the next i tem to be retrieved is the item most recen tl y’

- packed word : A computer word conta ining two or more in- sorted in the list.
dependent units of informat ion. This is done to conserve queue : A wa iti tig list. In time sharing, the monitor maimita in s

~ 
- storage when information requires relativel y few bits of the a queue of user programs waiting for processing time.

I computer word. radi x : The base of a number system , the smumber of di git

~ 
page: An artificial division of memory consisting of a fixed symbols required by a nunu b er system. See “binary, ”

0 •• number of locations , dictated by time direct addressing “ octal. ”
~
-. . 

range of memory reference instructions.  random-access: Pertaining to a storage device in which the

~~ 

page zero : The memory page which includes the lowest num- accessibility of data is effectively independen t of the boca-
, 

- .
~~ 

bered memory addresses. t ion of the data (sy no n on mut u s ivi th “dire ct-access ”).
5
’

, . . pari ty bit : A supp lementary bit added to an information word read : The process of transferring in fo rmat io n  front am i npu t
il to make the total number of one bits ak’ays odd or even . device into the computer. :‘.ls - , . the process of taking in-

‘, This permits checking the accuracy of information tra rt s- formation out of th e conmp ut er ’s mnemor )- . (See “nien cory

~ fe rs. ‘ cycle. ”)

~ 
pass : The comp lete process of reading a set of record ed in- real time : The t ime elapsed lcctween eve u r t s  occ urri mig ei~-

i forn ’sat ion (om ie tape , one set of cards , etc.) th r v , i t g h an terna l l y to the  c oon lunut e r  , A s v u ’ . : sp s u ” em’ which accepts as ’s-i
, i n p u t  device. from beg inning to end. u rn ’. ‘c ssec in fo r n ic t r i on  from . -“  te sr mch ei’eat .su od is read y for

patch : To modify a routine in a roug h or expedient wa y. new i n f o r m a t i o n  before the next  event occurs ii- said to
peripheral device : An i r . s _ t ru m ent  or mn acb itie electrically operate in a “ r ea l - t ime  envir o nment, ”

con: iv’cted to the computer , but which is not part of time r~ stord : A collection c,1 r elat ed i t ems  cf  dat - n . ~r c ’.s:se ’ l as a
computer  itself. u n f t .

plane : .\m s arran ’~emneli t c i  fer r i te  cores orm a ma t r ix of cs,n tro l recursive subroutine : .-\ sc;!  ‘o ‘ , u t j m m e  c o tI s t t ! 5 ! c ’  of cal l ing i t s c d f
and sc ’S ’ ing  wires . Sev eral !s !aoues stacked together  form a asirl r e t u r n i n g  at Sonic .ttun lm ti ill t to the ~cc.h, r~ rn ~v ls i ’ -h

mc ’. , tho r ’,’ n-nodule. ’ i n i t i a l l y called i t .
poil ’.ter address; :~d ol r ntss sf a core- m ime s- st ory lri eat ion co i l s -am- reentrant code: .\ ) r s s ~~r~~ f l L  ss- ~~r iou ’ n t ( n ’ .g., s u l ’ e s ’ : i t i n ’) vs l i i - -!:

ing the actual  (c! ’
s ’ .’ .. ’ t i v ’ o ’ )  add ress of (lesired data,  can h u e  cxc’, ’ n : i u - o l , i t - ., r ,,’s ’mis i -n on ! ) hs mmuu ’ re  t lusit o I l s , -  5 ’ ?  h , ’c

power—failure control : .\ means of sens ing ps -ho a ry  l~~~~’s- p r ogra t nu  s in iu l ta r s euu :Th, . Th is c ’.ni~o o l e  of ~i p e r : u t c . .~ n,e o , I I s m’ eo I5
fa i l  c ore  so tha t  a special rout in e  may be executed in t ime l i n t  to separate storage area for S i c s r i u o  .~ iitfo r n i a t i u rm t i m e s -  v -al- ies
p ’:risai c,f t ime  a’,ai lab! e before tlm e regulated dc snm pp bie s for each in stance (u f execUtion ,

- - d i~~~t s . t r~~,- t ,o immiusa b le  levels, T u e  special rou t ine  may be reg ist er: A~t ar ray of hard .-:are b in ary c i r cu i t s  ( Ili p-1l ,, 1 s ,

~ -‘- d s-n pre~erve the rt ,o t ce of a progra m in pr ogr~’s-o , or to switches , c t ’ .) for t (- fl s i ’uo rat v es - s tagy ’ of ir ~i ssi - c t o ; s :  i - mn ,  U n l i k e
— h o t  down external  proceo’ses. nu :tss-st orag e det iecs  such cus mem ory cores, registers v- , t r ’  l , c~

priority : ‘l’he u m t o n u a t i c  reg imlation of events so t h a t  chosen ivired to perm it  f l ex ib le  c e i r r r , - !  of t icc ’  cont ained i n f n n o r s , t -

.~o ’ t ion s  w i l l  take precede nce over i c m l i s ’ r s  in cases of t im ing  tion , for a r i t l r m n e t i c  ( ‘ t u c i ’ . t t i  o ’ : t s _ , sh i f t s , tr an~ f’en s~, etc.
relative address : h i t ’ :  numb er  that  specifies th e diiI’er s - , ee

procedure : The coos-sc’ 5f action taken for t h e  s o u lu t i o n  of a be tw e en  Liii ’ ac t nua l  addre ss  on - I os base adds
ps-i 1 ‘I nto ; also ea!ic-d “ t o I ~~s sri  t h r n , ” relocatable: Pe rt a i n i mmg to  pro se ra n o s  iv hose i o s t ru ,  ‘ t I  - n i -  can I ’ ’

process con trol : Automa t i c  contro l of n i a n u f a c t n i r i i ug  prc c- l ’sat! ’d i , o : s  Sri st a t ed  ,nrea s~ u’ nicnl ’ ur \ ’ .

• ccs,c’. I, t m .e of a c i u n i n l i u  ter, relocating load er :  .-\ n ’isnm l , t o s-er 5 0 : ’ : .j:’,r ~: cape 1 -I t ’ of k. - s s l  i l l , a ’ ’
proce3s~r: ‘l ’ime re rm ‘.r. ml U n i t  of a conrpu or  si s t e l i l  (i c., the c o n i b i r m i n g  rt ’lti s - atalmle j u t ”  ~rara 0 ( i .e .,  ~O ’ ~~’~~ o’O— I -  , iv ’i 5101

s l o t  cc a h i s -li as ’u: ’ ,tn 1ci :s h es  th e  t u i r t l m m i m e t k ’  m a m i i p u i a t i o m i . d . s~ m muhc , h i c  r a t i o s ’  c h in a l u ss lu : , ’  a d s l n , ’— s _ .’n )  -

- - eta ‘:sk’ s,’ n t ’ peri ph eral dcv h’n’s, Fr er iuer m t h y  (w h e im u ,i-d as reset ; .\ 5i’.’ n a b  o’, s r o d h t i i  :1 : ep n. s ‘ c u l l  I i  a I , : i l a v e

a~!~’ts ’ti ’- ’e) , c ! . - u ~-‘.:- l mol ~ — i n t erf a - s i : s sm:o poc me m i t s . cv’ s’!: c ho ’.mg h response tim : ‘ii i’, - .’ o i n ’ ; s ’ .  ‘‘1 u 0 i : s i 2 i : t d n ~ ‘s l i me t s j I ( ’ r . lO ill

ni - t r cs : ’Ih ,  cr,nt .i int ’d i td th in  t Im ” processor u m m i t ;  t h u s  ‘‘~ sr o —  f ro n t  a t s ~~~o i ? ~~f l . I i  n i ud ‘ ‘ I u t a i y n i t : . t  o’ —~u t ’ s, I o ’In . ! - s  s-r n — n O — -
ro~’ sr ” I s l s o o s s u s s  s ’ ’-, l c t sd ’ -  in ter ( , , ct ’  ( ‘ ‘ i c i p m r t j o u ~~pn I t ’’ ) ms~’t O u h i s .  —i on t i t H e  to ‘h i ’  t’ so t i p t m t , ’r , jm : - 5 ,5~~ S l o t  l u t I s t ’ , :i.’e’ ’ s_ ,  t ! m i m s ’ t -  -

çro - ’r , ’ m. : ,\ 1 . 1 . 5 m m  f - c  t i c , ’ ss, l u t i o s n  of a ~c m ’m c h h ’ s n  by a v u r m m p u t c r .  tile r t - s - s s ’ , l - ,  nr s, ’.l , ’’l , tnt-I t r a o : — : n i - — i , s m c  t i m m m , ’ l u r k  t ’  o h ’ ’

cc,:o i . t i m u s  of a ec ’ t u cc : c’- ‘, f s ” ’ n m l ~ o o t C r  i n s t r m l s : o i ’ u i : s .

- . p’ ’O’ t cat ’’. l i dng: . “. ç s r i : o m s -u l r , ’sas :- O ‘on s’s m u iv ak ’ ; o m l ,h i :o’ v .  n’c.shm r t :  ‘1 cm ml c , ’a - ’ ’l :’ , - t l t s ’  ‘‘\i .’s . 5 : ’  :1 o e  a
0 . , - : ‘ 1 c 1 : ’  

~~~~~~~~ 
s u n  , - t t t ’ i ’  i m r s t m  t m - t o l l s  in .s pl’~~s g r t t r l i .  rot at e: ‘s p o s s I l s  v’  1 .s!Oft ss f  n i h  ! o h 5 s_ i t s  a, : om ’ ’’:,l s ’ c i t .s tou - C ’s!

— prcu~,r arr.m n er : A 5 -  - un w l i c ,  ‘,‘:r i i c - - ,- , s t f l p L m t f ’ r  1 ’ - s s ’ r , u m o l _  0s,ii - ,  , c,n . o o t h l y t i n  m ’ x t , ’ : . s l  s t  015 ‘ii ‘t i  5 0 Oh t i t ’ c ~~e I is I t s , :  - ‘ 1 - s o -
- - 1 , - a r , ’ , tin i : : s ’ ’ ” f . :  s ’  u - r h ,~r’ l s ’ ,’ s l o i u t ’ ’:l i a i m i ’ - ! o  ,~ ‘os ui !  c ; o ’ !  s I  the  : m o - , u ’ m : u m m ’o u t l ’ r ‘‘ru ’ :etv ’’ l ’ ’  o - ’ ’ o m : c . l s o  u ’ t : r s ’ ’  v - u .n ;  . 1

(u s:  ‘‘ l s n , , e : r s , , c s ,, ’ ) :! i -  ‘, , i i ’ i c ) m t ,  f t u : t r c i . s n ’, s I t  o s l o , -  o m u ~ ’. i ’ ° r l n l u ° ~_ ; h u ~
s 0 n t s , l m _ 0  i t  t i m : ’  s . t I ’c r  I I !

- 

,, 
i i  .‘ t r : o n s r - n t .  ro ut i n e :  - \ ~i; ’,ig s . m n ; s  s m l’ ’’t, t n  o:n Se,.. f l l i ’ t % I  mi ’ ’ — o i s : : - s ol tu oo ’’’’O ’O -

pr ’a, ’, r.s : romh ’ .g: TIn ’ o n u t i ’ Os_S of cr, ’., s i m , ~ . s u n s m g s l u u i s .  pb i~h t c s i i m g !i’ [5 ’s t I - s i

.n oc c bn! ’ m , t ’ , l ’ ’ lo l , - ; u , s h s u i l . ’ i  i s m s  u- u n l i m e :  ‘I l u s ’  i t t - , - s c  a 1 , 1 , 1 ,  ‘ n . -  : r .u m l i , — ,-‘ .. .

S.enm t ul ) —l _ t m ie c j a g e  i n s t r !u r r i o u m s  in goat -r oi l fn rn m , bu t  m c r e . u n i n g —  segment: 1) ‘fl ott i~~~s- f ’ t  .: l u .o:s-: b s m s ’ : ~ s . o ’ i m  ot i so ii u .m m .  c-C 
, 

- 

--A ,~ -,—,_ -~ •__A~- ~~~~~~~~~~~~~~ --4 —-—‘— —-.— . —- ___.o__ •_ _. ,,p ~~~~~~~~~~~~~~~ -— - ~~~~~~~~~ ~~~~~~ ~~~~~~~ ~.



- . ~ - - , - —--- —-- ‘  ‘- ‘ 5 - - ~ - - s-,~~ -’,-—--—-’, ,“-~~~~~~~~ - ~~~ -~~~~
,
~~‘—-~ ,.,,.‘o”----.--•,s- 

~~~~~~~~~~~~~~~~~~~ 

- ~~~~~~~~~~~~~ ~~~~
“ 

~~~ “~~~~~~
‘ 

-~~~ ~~~~~~~ 

‘ “V” 
~~~~~~~~~~~~~~~ - - - ~~

—
~- - - - . —.  -_

~~~~
__  “

I- ~ 
—

~~~
- — —  

~~~~ 
. -  - ;  iyv r rrtr ’t’%I; - ; ~

-
- S s~~o ’-,~, , v k V  ‘iF 1) i G I i . S L - C s u S t u ’ C t ’ C K  ‘155515 ~ ‘ J . 0 ~ C~ :-~ 16,~t)

I ~ ~ ~,._ _,J :. I~°t ;~‘ :. , .  ~ ~~~~~
~: ~ 

?‘ rs-’, o l e o s r  i n, core at ~~iiy  one time. 2 o ‘l’us  divide a program as Switch : ,-\ d e v i c e  of programming techni que icr r ,,ak i oo , t  selec-
- in I - , oc , - i m m : o  two cur nmor e .s eg m ; : sn t s ,  or to store part of a thumi5 .

~;- ~ 4 1- ‘ ~ 
,., r , cmii  or ro u tine on an external stui r age device to be symbol table : A table i : m a h ich 5) 101)015 a:id their correspond-

hr ‘a ,~1n ocs - c ,  e°re as needed. big values are recorded.
. serial-access : Pertaining to the sequmentiat  or consecut ive symbolic address: A label assigned in place of absolu t e

t rar c smn is s ion of data  to or front core , for examp le , paper nun me ric  addresses , usual ly  fcu r purposes of relocation . (Seet tape. Contras t  vs-is-h “ random-access. ” “re lu)catab le . ”)
~ service routine : A seq tmence of instructions desi gned to ac- symbolic coding : Broadly, an y codim ig or pro gramf ctini g 5:,~5

- Cu)mp lislm the transfer of in formati i :m between a particular tern in which symbols other than actual  machi s-me operations -

device and the compu ter. and addresses are im sed.
- set : A signa l condition representing a binary “ one, ” symbolic instruc tion : An in st ru ct ion which is the basic corn -

shift : Restrictive (ari th rrmeti c sh i f t ) : to mul t i ply or divide ponem it  of an assembl y language ( i n p u t  to assembler) and
.

~
,, ~ the magni tude  portion of a vsord by a power of two , ims ing a is dir ectly translatab le into machine langu age.

0 ~ positional shi f t  of these bits. General : any positi onal sh i f t  syntax : I) The s t r im c t u r e of expressiorms in a programming Ian-
- of bits. guage , 2) The rules governing the st r uc tu r e - if  a program-

~~ ~ 

- sign : The algebraic plus or minus indicator for a mathematical fl u ng hmn~ uage ,

~ ~i . .r qu a n t i t y .  Also , the b ir : .n r v di git or electrical polarity rep- table : A c ’ s h t c c r i o i r .  of data  stvsr cd b y ’  s, u s.’ oj~ t’r O’o ’ ruf l co ’, g e t , -
h , ; rtms en t i m l g such ,in indicator ,  era l iv an array.

I ‘ 
si&nificant digit: A di git -a positioned in a nn imer al a . to con- temporary storage : Storage locations re~cr ’ - ed 1’-: i r n n s i o : d i a t c

‘;t ~ ~ t r i b s - m t e  a definable  degree of precision to the  numera l ,  In  r e-sid ’s, -

5 —. 

“
~ ~- Cn )PO ,’en tiona l ve ri t te a fm , rr os , the  most s i gn i f c:uist di g it  in a terminal : A peri j s l m ’.-r al (1.01cc ~fl a s:,’s!s ,nfl t i : r c su g h  ‘. ‘;l;i ~~lt ;l, ’, s-a

‘. ~ 
: ~ nm irn era !  is the 1s~f t u n y . s t  d igi t , and the least si grmif icammt  di git can e i t h e r  en te r  ‘i n  s -ave th0  computer .
. is s-he ri ghtmost dig it .  time sha ring : .\ 000 }~ 0 ‘ - I  s ‘f a l l ’ cca t ing  ccn ’ .nnd-p:- y ’o ’ o. cs r  t i e r s - -

,i simulate : •I~tc represent the f n m n c t i o n i n g  of a device , S’, ’Ss -c i I i , a n ,! t o t t i o r  Co s mm .j s : o  m e n  ,c ’ n’;i’:’os i s ’  nu u ! t i plc- t i s ~ ’~’o . s ; h ,  o ’ :h~-
or c o mp u t er  pr cmgr arn ts ’it ln anothe r  s~’stetn c,,r p r t mg ra nu ,  c o:s tpcs ’ .. “, in e : : c , ’ t .  [ : r os c m- s s ’ - ’ s a a s - m n , .  er - t ~, ‘n .g  r s ’ : s

skip : .\n i n s t m ’t u c t i o m :  which causes the c - s ;s ; 1soot v ’ r  to ann ; t ti r e si tnu l  n ; l o r ” o  ‘tOo - I ’ ,’ ,

‘ i co , , tn ’JC t i  cm i r u  s-h e i r t m n n e d i a t e l y fohloi v i cig locat i s ,’:u . A ki ts is ti m e slicing . . \ - ‘ - - . 1 - ‘ -. ‘ 0 of j o t_ u s c losn t l s - : h i :- . imi ;‘ ni ~ u l: i ;u ~-
5 i to ,. tc d l s  o r r : ommge s l  tu) occu r emil) ’ if cert a iul sp n m - h u ms -  u i c o u ; u d t ; i o m u t  g r . o o n : : i , -o ! ss ’sos, ’ I s o  ‘l ’l; j s ’ n e f t  r~ s-u t he , olI  s.e .c : °  no ‘ o f  ~ i s’O

5 ~
. O ’ u ’c’ e ased ausd  f s , n m r n c l  t i~, 1,, t r io , t hus  al t  ss’ .u ’’ ~~ o _ o r i s ’ i ’ , s l u s h  : u l s i c , : o s  :o ’ u n  c o m m  i t ’ : i ’  , i i : .~ t i o s o c  a suo o rm g :m :v- r ,  ., , ‘l - .  m l’ s , : : s . ! no t .t

s i Cy s s s--i tie made. b cui - i-  - l : s , ., ~~~ -o sT e ge ’c-e ;’; n r t  5! by .u i~’-,vd i:c ’ .-n -’,’ ,l s - i l : en
sovau shot dump: A d v o m a u o i c  p r i n s - o l l s -  divi ng ext-h ’ i s t h s rn , ~ t -so m~— i: ’~ r s i ; t r s , l  t o ’  s ,, i-s. t o ’  oh : r e v ’  n a i l ; : . ,,’

I s o  m_~,s :. s o s . i , s n s  au tc i  clnc ’’’h i o , u i ’ . : s , of ,s ’ht ’s-’t e s I  ar m _ a s cc s c o snag i ’. toggle : u d t , ’- ’ i i s ’ c- ) I ‘ vHe , s -. , h o ’ t s o , s -  s - u -  s--; : ’-:r il.:: ; i t - :  t i e
saitware : ( . ~. “ o p c :t e r  p n r o : t r ; o n o s , Also , t i n ’  ts~ js .n, ‘J r s - s-dc on c i i l n o j . c i m s  o m:n’ i f l ° s ”\ -

w h ! o : l c  i i ,~- or .ugr , ’o :c;o d i , - -, recorded . transfer vector ~~~~ t n l  s i ,  u’- t o n ! l ’-  a n  a ii x i -o l  I - . :o , i , o ’ 1 ,, o , ; e n n l ,  ‘0 ’ ,

softwsre package : .\ s~~on; pls - ’n s-’ col lection of r e ln ut e d lvo~’n. inos . C m , m m t , u t ’ . .11 j u m n :  p : ‘ s i - t m  : 5 0 ’  ,;o, oam ~l ccn i ’ u o l : n s -’,. _, ‘ . i  -‘-c -sc m ’ ,. ‘or
ant  :ct-s :v’ o-~’n r i Iy  comn b ;n ,.’d -‘is no sing le m_ ’ nt i t \ ’ , ~ t l 1 f l f m  i ; o s t r c m c t i u o : ! - 0  A j c n ’ r : p  t ’’ a ;s - r m i C u ’t  r .::~~ 1t . - s i r  t i l t ’

a eur-C e progra m : A pn o gr an’u (or i ts  rune ’ s: ’d ’ ’u I  f o rmu u )  to ri i t o  in adm _ lr r o- , of t h e r s .,u m i n e  is ; — I ; t ’ - ’,” I is -c a r. - ’r : i : - o L ,0n , hoc, - in t o e
‘ sos: ,e  :: r o 4 r a n r u m c i m n g  l : I : m g s u ’.c~ c o ther  t hzn n ni a s - ’hine I : o u r ’ ~tr , ug. ’ t o~1do O t h e r  n s o s - : t i : c e s  c , : u n  call m l o i s  ts ‘ s u r I c o , ’ s o : t h s  - 0 : 0

- , and o h i ’ o o  res~ui r i r m g t ‘ an m o - - u t i o n .  Th0 mr’ansl , s t e d  I ro n : is d o t ’  l:n ’ .- ’’-: ing th Ose O O C I U , O I  i s l O l t l s o i I  ‘,f th i s  r - i : ; i o I ~ i t  cc ‘:o :t c ,, ’\ ’ it ! ,
‘‘ o o ! - t i - ( ’ t  pr ogram. ” t l— s ’ l s r : i ’ l n s c  I s  m m — e d  f r s i j t t s m o t l v  v h s-n a : c ’ l - ~~’ :,0 :os  ~ ~~i-o- , m r c i s t - r

- 
~~, - st ar ~ ag address : The ‘o d d s -os of a m , t - ’ o o r ’ . o - l ’o sjo t io r ,  in ss’Iiich is n _ o s - n et!:.. l o s ’ a t s vt u- ’, m h . o  -

I ;  n,~ s r - , ;I t h u s - n t iN t  i n s t r u c t i o n  of .i given h s, - ’o s - , , ’r :stn .  truncati s-ur,: ‘11°~’ r u s l : o o ’ o  , s : m  f ‘c - i  - - I s s I m  l u ~ s i r  ‘ ‘ i s t ~ ‘ - o n .’ or

~1 s’at ~ m~ n t :  .-\ n in s ’t r im cs - i ’ ’n  icc , i n v’  t’o s c i ’ ,t u t s ; , ’r.n c ’ i o i ’ - s l  l : I h i M n c a . t sn n u o r e s o ’,’ t he k’;ost r : o , ’ ’ m t ! s n ’ o ’ t  t l i ~ :tn;  e .g ..  1.1 1 ‘~I~
‘is - i l -e r t h , s n n  t s r : n s - Io! r , u ;  , o u ’ ;u , o.t sc . s- s-s 4 ,I - - ‘i ’ in : at  di~ itc is .0 . 1  t h

toor.l g ’i , n l i n c ’ s t i . ) n :  Thy- :s,o ’ o c sy n h n r c ’ n t  of s i ts 1-~ - - of d .ct,o ‘o u t 1  t r ut h  t . : h i a : . ’0 t ab l e  ! ‘ t ! i s - ,z 1 all  , ..osi~~s s -. c - c - ! ’ s- “ s o t i s - I
- . h . t r ’ o e r c s o s i c  to spe c in s ’il I s l oo , : h s  of s s t s s : ’ sg s ’. m ess - mi s - a nt t o t s  ‘s f - sr n : n c ’ g i v e m c  i! .  c i t  :c ’ c” ’ s : t  ~:: ; mn .’ - : ’ ’ r t .

•:;l ’irags cap~ ci tv:  ‘F l it’  , o ! o t o . t t o l t  of ‘ l : u t - i  ‘ em r an 1 - - ’ entered , two’s coca c’~~on t :  .\ f l h i ’ ! i l s ’ :  5 - s  ‘ n i s d o t - ‘ I s - h a t  ‘t , d d i t i ’ ”m s s [
• n - c  , O — :’ ’-.~, , ,’’ i s , l ru ‘ 

~~ ‘ ‘ _ s o b . s- h u t  t i  i ’ - , j  s - - ,l t o o t h ’- ’’ - I t o !  i t o  I - : ‘ i n b r s . : h  v _ s - : t— e. u i, ’ o ’ o , c :oc l a’’
— ,O’,r-i -~e d e vi c e :  A (l~c ’, t ’s- s u m  ti 1m j y ’ l u I s i s  ( ‘act  l ie e n l m o ’ : o ’  I , re ’ - s : ’s ’O t O ;s s 00 s- - I - f f s ,  , ~~~~~ ,o k t : i , .t of v i ; !, ’’ . c !- v s lm i s - - h  r on ’—

- 
— 

•, - s i . : ’ ’- , s o s ’I n- n h - - . ,  o t . i’s-’ u : - u ’ , ; o . ! ro ’ s z - ; t i v : ’  n s e ’ ;s 0 - s -n ~~i n-’ ‘~~- c s  o i I . i n : ! ’ , - : o n ’ .  :‘ ‘ ‘‘ ‘s so n I t _ s t
- - ‘- ‘ or’: 1’ , l o t  I f ’  c’ : : s , u t i s ’ ’s r i O t !  ,1 c o t ’ c s l s i : ’ ’ ,  , s o , m t i o o ; s , t o g s — o r- . mur .s ’! s - ,~~~~, : , . _

, C _ u r n  ~o O  I . o o s c c : 5 o i i’ .tr t ’ n l  n o !  s’:’ , ’ .  m s - c

s h u t . ’ s f  r ” i , i i . s i s ’ , — i l e  i : u i , . r c s . o ; j  r u for t i e r  , 55 — s_ - u ’ — : , ( T o - ’ - - : ;  s ~ ‘ y ’ ,  ‘ ‘ - s c , ’ : ! u t o  0 51) .  .-\ i t s ’ s  .m s ’’.r 0 . — ’ - s : . - a :  ‘‘ ‘c - s r  h o -
- 

, ~n : ’j , c ,’ : ‘s o ’: - ’ ’ - - n ‘ -~ ~~s s t : .  i ~cf s-- m m , ! :  mc ’ ’- , - — :o, - t’ a - 5 j e s t  . 5 0 ’ : ’  ‘ 0 i i  ‘ ceo . s o ’ . I n ,  ‘Ti - -s: - ’ t : ’ - .~ I ’, I i ’, n, . - :  ‘ cs ’ s  5 ;  : h’ — s e _ ”. ., ‘

a o e t c  ‘ n i l  .c : ’ m t ’  o t t :  a”  .: ! ‘ s o  , , !  z O o ’ s, s’ s , -r ‘‘ I ’ t I ’  h o ,  - ‘ ‘ cc - s , a -  sI ‘- .~ ‘- s. ” ’ . - - o
- : ,- \ S s - : t o u .  I :  - - . 1  sm ,: ’ .- ’ n i , . : o ,  0 . - s c  t -o’o ’

”-ai :s i t’ , s l i s  - -, . ~~~~ ~~ . 5 - 
~~~f .1! is : :,  t i , :  “~- : d  ‘r  , ‘ ,

- i . iv c ,, -” , ii.!, pro ” i r u .  h o o T  - I , -  s r  , u s t ’ ,\’; c- k ’ s . ’ !  n t h i ng s ’ ., ., us o i t - , ;’ s. o r  ,- :n  I j s ’er t ’ u r ;  c o

‘ o u  l ’ s , ’ , I!  0 : , ’ . ’ - - t : ’ s l o  ‘ o f  l i l y ’  t o t . t ., ~‘ i j i  ns u t :s- o s s’c t’ yrmidet ’ li- o ,’.’; . ‘ t ’  s . c s n ’ i o s  :1 ‘ r  ‘ - s  ‘ s : ’ .,’ ’ . i u , ’r ’. a tI ,~ -j ” u s ’
-

— 

~~~ •
, - - ‘ c _ n o ’ i t , toO ‘: - - - 

- t O .  c s p , ’: s ’ t , ’ s t  ‘o ’ u ’ .  I t - I .‘:l 0 - s I :  .. s o .  n ‘ c o  ~‘ ‘ .. ‘ . 11- u ’ ~’- :1 

ot t A ‘, ‘,m ! m u , ’ ’:~ . t ,i :. s ’- ’OV 05 , u n ; m s ’ t ~~~o ’ o- ’ ’ m o  l o t t O  t b . - .n s . s r s c , c  u s  u ’, c , ’ ’ s j , - ’ f I o , : r ’ ’ I ’ o o o , ’ , - i

or ’ , ‘-‘. m i ; t , L - m t c ’ d  r -r . ’- r i m :  .\ s ’ ‘~~~!
‘ .rn i . s i . - ! -  ~ s : - ’ : t i  .o ‘ s - I ’ : -. — ,

- ‘.si’~ j’ n’: :,- t I ‘‘a  n i  c :  — ‘ . 5 ’!, . , , m m .  u r o nnn ’ :o - : u ’ s ’’ C s - O h s ’ , of ‘ s l u r  u r  u ’’ ’i .  - t ; - ’ ‘ . 1’ , , -  - -  ‘t’ o o  s, : s o ! ,  -
o s :  - - ‘ - I  - o o . - c u t , .s -c . ‘ 5. c u - t r i o  h l l t c ,  I s , ’ : sj  , - t o s . i , n ~ i t  u;’Cf , h ! ,  ~ ‘ ‘~~ - 5 5 1  s i r  t o . - o _  ‘:1 , 5 I s m ’~~ ’.s s s o  e r . i  s, , j  - - o s - ,  a

L - ,, 0cc disk ‘0 :’  ‘o t h er ~y oR’ nu: det’ice . - iicu lar u om mt p mi te ’ r .  - 
- -‘i —~ ‘_— 
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utility routine : A standard rou t ine  to ‘ .~sist in the u sp era t i on  desi gn . e.g , the mnu ns -b e r  of e s ,r , ’s per i s , t ’ n t i , s c o  a o l  t los -’
ot t he  computer  (e.g., de vice drivers , su .u r t ing  rou t in e s , etc.) number  ‘u f f l i p - h o p s  per regi ster .
Zo~ opposed to m n a the n mz L t t ca l  (“ l ib r ary ”) rot i t inr es,  word length : The nu m b e r  of l ,i ts  in a word.

variable : :\ syrm rb ol ss’hiose v a l u e change s during the  execution working register : A reg i ster voho nuse  u - uun re n t s  can be ns ,, d it~ed
S - of a program. un dercont ro l  of a pr ogram ,Thu s  a r e g i s t e r c m _ i i o i - i — s - i i r g  s f  nman-

waiting loop : .A sequence of in st ruc t ions  ( f r equen t l y o nly  t ss’o) ual l y operated switches is not c- s t m s i s i e r s c d  a working register ,

- - 5 which are repeated ind e lmn t e ly  un t il a desir ed external event write : The pru a ’ ess of t ransferr ing in fo rmat ion  Is- no th~
I, ’ - occurs , such as the recei pt of a flag si gnal. computer to an o o m s- pu t  device . Also, the h c r ’ o:ess of storing

word : A set of binar y di gits handled by the computer as a (or restoring) i i t fo rma t i on into the computer ’s menu n r y .

- 
unit  of infor m ation , I ts length is determined by hardware (See ‘memory cycle, ”)
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