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10.2.1.4. Multiprogramming 

Runs may come from many sources, remote and central. The various runs, through 
the Executive system's use and control of efficient multiprogramming techniques 
may, at any given moment, be in different stages of activity; input, processing, 
and 0 utpu t may all be oc curring simul taneously within the hardware, thus ensuring 
efficiency of operation. 

It should be noted that batch, dem and, and real time pro gram s are processed 
concurrently by the Executive system, whenever sufficient storage facilities are 
available; hence, the user of anyone mode experiences little variation in his 
turn-around time, regardless of the proportionate mix with other types of processing. 

10.2.2. Techniques for Utilization of Mass Storage 

The Executive system is designed to ensure effective and efficient utilization of 
the mass storage devices. The consequence is an unprecedented ability to relieve 
opera tors and programmers 0 f the resp onsi bili ty of maintaining and handling cards 
and magnetic tapes, thus eliminating many of the errors which heretofore have 
accompanied th.e use of large-scale software systems. At the same time, the overall 
op erating efficiency is con siderab1y imp roved. 

Permanent data files and program files are maintained on the mass storage devices, 
with full facilities for modification and manipulation of these files. Security measures 
are established by the Executive system to ensure that files are not subject to 
unauthorized use. Provisions are also made within the Executive system for auto­
matic relocation of infrequently used files to magnetic tape, as unused mass storage 
space approaches exhaustion. When the use of files relocated in such a manner is 
re,quested, they are retrieved and restored under control of the Executive system 
with no inconvenience to the user. 

10.2.3. The Primary Functional Areas of the Executive System 

The UNIVAC 1108 Executive System is composed of many different routines which 
perform many differen t function s. These functions and routines are sum marized in 
the following paragraphs. 

10.2.3.1. Executive Control Language 

In the Executive system the user has a simple means of directing the execution 
of the individual activities of a run and of relaying operational information con­
cerning the run to the Executive. This is accomplished through a set of control 
commands, capable of performing all of the functions desirable or necessary in a 
modern Executive system. The command language is open ended and easily 
expanded, so that features and functions may be added as the need arises. 

The basic format of an Executive Control Statement is quite simple and is 
adaptable to a large number of input devices. Statements are not restricted to 
�c�a�r�d�~�i�m�a�g�e� format, and may be of variable lengths. Each statement consists of 
a m aster space (@), for recognition purposes, followed by a command and a 
variable number of expressions. The end of a statement is indicated by the end 
of a card, a carriage return, or an equivalent signal, depending on the type of 
input device. 
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10.2.3.2. The Sup ervi sor 

The Supervisor is the 1108 Executive System component that controls the 
sequencing, setup, and execution of all runs entering the 1108 System. It is 
designed to control the execution of a large number of programs without any 
interaction among them. 

P AGE: 

The Supervisor contains three levels of scheduling: coarse scheduling, dynamic 
allocation of storage space, and CPU dispatching. Runs entering the 1108 System 
are classified into information files and these files are used by the Supervisor for 
run scheduling and processing. Control statements for each run are retrieved and 
scanned by the control comm and interpreter in the Supervisor to facilitate the 
selection of runs for setup by the Coarse Scheduler. The coarse scheduling of 
each run primarily depends on two factors - the priority of the run and its 
fac ili ty req ui rem en ts. 

The Dynamic Allocator takes runs set up by the Coarse Scheduler and allots 
storage space according to the needs of the individual tasks of a run. Each run 
may be thought of as being made up of tasks, where a task is a single operation 
of a system processor or the execution of a user program. All tasks for a given 
run are processed serially but not necessarily consecutively; if there are several 
run s, the task s of sep arate run s are interleaved. 

When time-sharing of main storage is appropriate, the Dynamic Allocator initiates 
"storage swaps". This involves writing one program on drum storage and replacing 
it temp orarily in main sto rage with another pro gram. Such action is taken only to 
provide reasonable respon se time to remote demand-processing terminals. 

The CP U Di sp atchin g rou tine is a third level of sched ulin g; it selects among the 
various tasks currently occupying main storage whenever it is appropriate to 
switch the commitm ent of the CPU from one task to another. Under norm al circum­
stances, a batch program is allowed to use the CPU either until it becomes inter­
locked against some event or until some higher priority program is freed of all of 
its interlocks. 

10.2.3.3. Time Slicing 

In order to accommodate demand processing, periodic time slices are assigned 
to all tasks excep t when in the real time mode. This is done by the timing 
routine, which interlocks the currently running program and, at specified intervals, 
examines a separate queue of periodically scheduled routines. Based on the 
required duty cycle of the demand routines, their priorities, and the priorities of 
other ready routines, the demand routine is moved to the ready queue with an 
adjusted prio rity. In this manner, even low-priority dem and routines are given 
at least occasional use of the CPU. 

10.2.3.4. Storage Compacting 

Certain 1108 h ardw are features make feasible th e dyn amic relocation of program s 
residing in main storage - a necessity for effective multiprogramming. At program 
termination, the assigned storage is returned to the pool of available main storage. 

4 
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Storage is comp acted only if a requi rem en t exi sts for con ti guous storage and if 
compacting can meet thi s requirem ent. Comp actin g is never performed un neces sarily. 
Instead the storage contents control routine always fits programs into gaps in 
the in-use store, if possible. 

10.2.3.5. Facilities Assignment 

Available facilities and their di sposition are in dicated to the sy stem at system 
generation time; thereafter, the Executive system assigns these facilities, as 
needed and as available, to fulfill the facilities requirements of all runs entering 
the 1108 Sy stem. The Executive system maintains current inventory tables that 
indicate what facilities are available for assignment and which runs are using 
the currently unavailable facilities. 

10.2.3.6. The File-Control Sy stem 

The 1108 File-Con trol Sy stem affords the highest degree of op erational fI exibility 
in storing and retrieving data without concern for the physical characteristics of 
the reco rding device s. Thus, most files are made insensi ti ve to inpu t/ ou tpu t media 
characteristics as the system adjusts the interface between the file and the device. 
Security measures ensure that files are not subject to unauthorized use or destruc­
tion. Facilities are provided to roll out files from mass storage devices to magnetic 
tape, as well as reconstruct such files on the mass storage devices when the user 
calls for them. 

Comprehensive utility routines are available for manipulation of files and to inform 
the user of the curren t status and structure of his files. Provisions are made for 
random storage and retrieval-access of data under the direction of the user. User 
program files and data files are maintained and processed in the same environment. 

10.2.3.7. Operator Communications 

The Executive system has been designed for operation with a mInImUm of operator 
intervention. However, some functions frequently in use are beyond the scope of 
the Executive system while others demand operator concurrence. In addition, 
certain information must be presented automatically to the operator while other 
in fo rm ation must be avail able to an swer operator requests. 

Operator function s are requi red fo r a large variety of acti vities. The 1108 E xecuti ve 
system groups them into four classes, thus equally dividing operator duties in a 
multi-operator installation. These four functional classes are System Control, 
Input/Output Activity, Communications Activity, and Hardware Confidence Activity. 
These functions may be associated with as many as three operator consoles or as 
few as one, depending on the complexity and layout of the installation. 

The 1108 hardware system has as standard equipment a display console to enhance 
operator-system communications. The advantages of a visual display to the operator 
are obvious and the possible display functions endless. The Executive system 
displays inform ation such as current system load and operator requests associated 
wi th I/O setup and I/O in terlocks. The op erator can request other information such 
as backlog status. If the display area becomes filled, the Executive defers 
lower priority displays. 
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10.2.3.8. Diagnostic System 

A comprehensive diagnostic system within the 1108 Executive System aids in 
checking ou t user program s. Both alloc ation-time and assem bly-tim e com m ands 
trigger snapshot dump s. Postmortem dumps of user tasks are available through 
an Executive Control Statement. 

10.2.3.9. Input/Output Device Handlers 

The Input/Output devi ce handlers control the acti vities of all input/output channels 
and peripheral equipment attached to the 1108, including UNISERVO magnetic tape 
units FH-432, FH-1782 and FH-880 drums, 8414 Disc, Unitized Channel Storage, 
FASTRAND Mass Storage, card readers, printers, and communication line terminals. 

10.2.3.10. Auxiliary P rocesso rs 

The system includes a set of auxiliary processors which perform functions that 
complement those of the source language processors such as FORTRAN, COBOL 
and Assembler. This set of processors includes the Collector for linking relocat­
able subpro gram s, the Pro cedure Definition Pro cessor for in serting and modifying 
procedu re definitions in a Ii brary, the EL T P roce ssor u sed to insert elements, 
and the DATA Processor to introduce data descriptions. A comprehensive set 
of Ii brary elemen ts com plem en ts these pro cesso rs. 

10.2.3.11. Utilities 

Included within the Utilities section of the Executive system are diagnostic 
routines, program file manipulation routines, file utility routines, and cooperative 
routines which aid the user by performing such functions as reading cards, 
printing line images, transferring files from device to device, and carrying out 
housekeeping fun ctions required for file-resi dence on m ass storage devices. 

10.2.3.12. Processor Interface Routines 

The Processor Interface Routines provide a simple standard interface for all 
processors within the system. Complete facilities are provided for the input of 
source-language statements and the output of the resulting relocatable binary 
code. 

10.2.3.13. System Setup 

The System Setup section of the Executive system provides an installation with 
a means of generating a system tailored to its particular needs and for subsequently 
maintaining this system with a minimum of effort. 

10.3. THE ASSEMBLER 

The Assem bIer translates a symbolic language composed of brief expressions to 
machine-language relocatable object coding for the UNI VAC 1108 System. 

6 
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The symbolic language includes a wide variety of sophisticated operators which allow 
the development of a desired object code based on information generated at assembly 
time. The instruction operation codes are assigned mnemonic codes which describe 
the hardware function of each instruction. By the use of Assem bIer directives, the 
programmer can generate data words, values, or instructions based on specific con­
ditions at assem bl y time. Multiple 10 cation counters make it possi ble to con trol 
address generation during assembly of a source code program. The Assem bIer pro­
duces a relocatable binary output in a form suitable for processing by the collector. 
If requested~ it supplies a listing of the original sym bolic coding and an edited octal 
represen tation of each word generated, Flags indicate errors in the sym bolic coding 
detected by the assem bIer, 

10.3.1. Symbolic Coding Format 

When writing instructions using Assem bly language, the programm er is prim arily 
concerned wi th three fields: a label field, an operation field, and an operand field. 
It is possible to relate the sym bolic coding to its associated flowchart, if desired, 
by appending comments to each instruction line or program segment. 

Al1 fields except the label field, which begins in column 1, are in free form providing 
the greatest convenience possible for the programmer. Consequently, the programmer 
is not hampered by the necessity of considering fixed form boundaries in the design 
of his sym bolic coding. The order of the fields, however, is fixed. Appendix C lists 
the instructions reco gnized by the assem bIer. 

10.3.2. Assembler Directives 

The symbolic assem bIer directives control or direct the assembly processor, They 
are represented by mnemonics written in the operation field of a symbolic line of 
code. Their flexibility is the key to power of the assembler. The directives are 
used to equate labels to expressions, to change the location counter value, and to 
gi ve the programmer full control over the generation of obj ect coding. 

10.3.3. Additional Features 

Facilities are provided which permit separately assembled elements (or subprograms) 
to be linked together at collection time. A label followed by an asterisk is defined 
as an external label which can be referenced by other programs, as well as by the 
program in which it is defined. A job to be executed may be composed of many 
elements. The recompilation of any element does not necessitate the recompilation 
of the remaining elements which compose the job. The program is constructed, 
using the technique above, before the time of execu tion, 

10.4. FORTRAN V 

FORTRAN V is an algebraic language designed primarily for scientific and engineering 
computations. It closely resembles the language of mathematics. It is the logical out­
growth of the earlier FORTRAN languages and is generally compatible with them 
(although the earlier languages are not a proper subset of FORTRAN V). The FORTRAN 
V language has been extended to provide more flexibility in data handling and to make 
programming easier, FORTRAN V, being an outgrowth of the earlier FORTRAN languages 
(in particular, UNIV AC 1107 FORTRAN IV and IBM FORTRAN IV as announced in 
IBM form C-28-6274-1), accepts these languages as compatible although t,he reverse 

is not necessarily true. 
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FORTRAN V has all the features of the proposed ANSI FORTRAN IV language plus 
many valuable extensions which significantly increase the power and flexibility of 
the language, particularly in the areas of data handling. For further inform ation~ 
consult the FORTRAN V Programmers Reference Manual, UP-4060 (current revision). 

10.4.1. Language Extensions and Enhancements 

The following extensions and enhancements are currently available in UNIVAC 
1108 FORTRAN V. 

• The PARAMETER statement assigns specified integer values to specified 
variables at the time of compiling; P ARAM ETER I = 2 replaces I with the 
integer 2 whenever it occurs in the source program. This facilitates the assign­
ment of different values to frequently used parameters in different compilations 
of the same program. 

• The ABNORMAL statement permits increased optimization of object programs. 
Where common subexpressions occur within a program unit, it is obviously 
desirable to evaluate each subexpression only once. Where the common sub­
expression s contain fun ction referen ce s ~ however ~ there is a possi bili ty that 
the function will produce a different result upon successive references with the 
same arguments. Because of this possibility, most FORTRAN systems are forced 
to reevaluate subexpressions containing function references at each occurrence. 
UNIVAC FORTRAN V permits all functions that can produce different results 
from identical sets of arguments to be designated ABNORMAL, All common 
expressions except tho se that reference ABNORM AL functions are evaluated 
only once. When the ABNORMAL statement does not appear at all in a program, 
all function references except library functions are considered ABNORMAL and 
are reevaluated at each occurrence, as in most other FORTRAN systems. 

• Nonstandard subroutine returns (of the form RETURN k) are permitted where k 
specifies the subroutine argum en t to which a return is made. 

• In conjunction with RET URN statements, statement labels may be used as 
subprogram arguments. 

• A variable may have up to seven subscripts. 

• Internal subprograms are permitted; that is, main program or subprogram and 
in tern al subprograms are part 0 f the same pro gram unit, which requires only 
one compilatio n. 

• Variables of different types may occur in the same expression with two exceptions: 

Logical variables cannot be mixed with other types. 

Double precision and complex variables cannot be mixed. 

• Extended subscript expressions are permissible having the form ±M1 ±M2'" ±Mi 
where M is of the form K 1 *K2 *K3 ... K j. The K' s rep resen t either an integer constant, 
an unsubscripted integer variable, or a parameter variable. No more than one K 
may be a DO index. 

8 
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II Forward and Backward DO Loops (that is, increasing and decreasing index 
varia ble) are p ermi tted. 

II A generalized assigned GO TO may be used; the assigned GO TO need not have 
a list of possible assignm ents. 

The following language extensions and enhancements, not available with FORTRAN 
IV or earlier versions, are now available with FORTRAN V: 

• A string of consecutive bits, called a field, may be defined and operated on by 
making use of the FLO (el,e2,e3) intrinsic function, where el and e2 determine 
a field of the expression e3. In this instance, el and e2 are integer expressions 
which give the starting position (eO and the length (e2) of the field being defined. 
The FL 0 function may be u sed for extraction and insertion of bit fields. 

• The NAMELIST statement which is nonexecutable provides data-characteristic 
information at object time, and may be used instead of specifying LIST on an 
INPUT/OUTPUT statement and the associated FORMAT. A NAMELIST name 
(1--6 alphanum eric characters) is defined by its appearance in a N AM EL 1ST 
statement, and thereafter may appear only in formatted READ and WRITE 
statements. 

• The DEFINE statement is of the form DEFINE R(al, '.', an) = e or DEFINE 
R = e, where Rand ai are variable nam es and e is any exp ression not in vol ving 
any undefined R's. Inline code is generated when a DEFINE is referenced, 
thereby eliminating the overhead of a subroutine and enabling the optimizing 
capabilities to apply. Such a statement provides the following benefits: 

All statem en t fun ction s of FORTRAN IV operate mo re efficiently at 0 bject 
time. 

Mathern atic al equivalence between array sand variabl es can be attained. 

Subscripting of subscripts is in effect, permitted to any level. 

Any legal FORTRAN V expression can be treated as a subscript expression. 

Dynam ic storage aUo cation can be achieved. 

• The INCLUDE statement is of the form INCLUDE n, LIST where n is the name 
assigned to a set of FORTRAN statements previously filed with the procedure 
definition processor which are to be included in the program at this point. The 
word LIST is optional and if entered, the "included" statements will be listed 
whenever the source pro gram is listed. Thus, a frequently u sed number of state­
ments (for example, specification statements or a set of internal subprograms) 
may be added to the source code from an internally available element. 

• The IMPLICIT type statement of the form IMPLICIT type (al,a2,an), type 
(bl, b2, ".bn ) where type is INTEGER, REAL, LOGICAL, DOUBLE PRECISION 
or COMPLEX and the ai represent alphabetic characters or a range of alphabetic 
characters. The IMP L ICI T type statem en t alIo ws th e user to decl are the type 
of variables by specifying that variabl es beginning with certain designated 
letters (the ai) are of a certain type. 
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• The ENTRY statement is of the form ENTRY name (a1,a2, "', an) where name is 
the name of an entry point and where the ai are dummy arguments. The entry 
statem ent permits an en try to an intern al or external subroutine or fun ction by a 
CALL statement or a function reference to an ENTRY statement. Entry is made 
at the first execu table statem ent following the ENTRY statement. 

• The compile time-interpretive DEL ETE statement provides the programmer with 
a simple facility to prevent compilation of a section of source code. It is of 
the form DELETE n or DELETE n, V where n is a statement label and V is the 
integer 0 or 1 (or is a name assigned the value 0 or 1 by the PARAMETER 
statement). V=O implies that the DELETE statement is not effective while V=l 
implies that DELETE is effective. 

• FORTRAN V processes double precision quantities in 1108 double precision 
format, within: 

The FORTRAN V Compiler 

- Mathematical function routines (where appropriate) 

- The I/O Conversion routines 

- Compiled FO RTRAN V program s 

• The arithmetic type of the argument to library and intrinsic functions is used 
by the compiler to determine the correct function routine to be called (namely, 
SQRT, DSQRT or CSQRT for REAL, DOUBLE PRECISION or COMPLEX 
arguments , respectively.) 

• The 1108 FORMAT Control has been augmented by the addition of new FORMAT 
control specifications in the following forms: 

Gw.d used for input and output of any of the five types of variables. If the 

output item is REAL, E or F editing code is used depending on magnitude. 

Tw causes the pointer in an input or ou tpu t record to point to the wth 
character in the record. 

L w is logical fie ld specification. 

• A "Master Space" character (7-8 keypunch) wi11 cause the compiler to ignore 
a11 su bsequent in form ation on the line. The space thu s igno red may be used 
for comments. 

• Ho11erith Strings may have the form 'c1,c2, .. " Ci' where ci is any Hollerith 
character, including blank. 

• In a typeless expression the computer word (36 bits) is considered as a bit 
string. Permissible typeless expressions are alphanumeric constants and 
Boolean functions. The Boolean functions are AND (el, e2), OR(e1, e2), 
BOOL(e 0, COMPL(e1), and XOR(el, e2). 

10 
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• An additional input statement of the form READ (unit, format, ERR=n, END=m) 
is included. The END and ERR clauses can only be indicated in the third or 
fourth argum en t po sition s. Control' changes to statem en t num ber n if an input 
error is encountered. Con trol goes to statement number m if an end-of-file is 
encountered . 

• Miscellaneous Extension 

Free-field input is specified by an empty FORMAT statement: 

READ (5,100) A,B,C 
100 FORMAT ( ) 

In a subroutine or function subprogram the maximum dimension for an array 
may be transferred as an argument. In FORTRAN V, the information may be 
provided by COMMON. 

An array may be dimensioned in an explicit type statement by including the 
dimension parameters in parentheses. 

_. The EDIT .statemen t provides the user the option of suppressing and restor­
ing compiler listings for any part of the program, overriding control card 
listing option s. Valid fo rm s of the statement are: 

START EDIT SOURCE 

START EDIT CODE 

STOP EDIT SOURCE 

STOP EDIT CODE 

FORTRAN V accepts & (2-8 punch) preceding a label as an argument for 
use in a subroutine or function subprogram to indicate the transmission 
of a statement label. 

Data will be accep ted in the explicit typ e statem ent or DIM E NSIO N statem en ts; 
for example, REAL A/l. 51/,B(2,3)/6*1.01/, 
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10.4.2. Compil er 0 rganization 

The 1108 FORTRAN V source language processor accepts FORTRAN statements 
and produces a highly efficient relocatable 0 bject code element. FO RTRAN, like 
all other UNIVAC 1108 processors, generates its own code and does not require an 
assem bIer pass. 

The FORTRAN V compiler is modular and consists of six phases. Although the 
phases have been separated on the basis of general operations performed on the 
source program, not every phase processes the entire program. 

The compiler, while quite as rapid as a processor, produces an object program optimized 
with respect to both storage requirements and execution t,ime. 

Th e comp il ation process in vol ve s the successive execu tion of the si x ph ases 
summ arized in the following list: 

Phase 1 transforms the FORTRAN V program source code into an internal format. 
Files and tables of relational information, implicit in the source program 
but not easily accessed, are constructed. 

Phase 2 deals with storage assignments for variables and perform s an analysis 
of loops. 

Phase 3 deals with arithmetic optimization and index register optimization. 

Phase 4 deal s with loop optimi zation. 

Phase 5 deals with code generation and storage assignment for those quantities 
not assigned storage by Phase 2. 

Phase 6 the final phase, completes the generated instructions in a relocatable 
binary format and optionally edits all output, including error messages. 

The compiler performs several types of optimization on a source program: 

• Local Optimization 

This involves the reduction of expressions involving nothing but constants to 
a single constan t. 

• Inter-statement Arithmetic Optimization 

This optimization has three forms: (a) the elimination of redundancies in loading 
of index and arithmetic registers, (b) the recognition of common subexp'ressions 
from previous statements, and (c) the removal from a loop of those computations 
within a loop structure which are constant relative to the loop. 

• Inter-statement Indexing Optimization 

This involves a study of the DO-loop structure, entries and exits from loops, 
the form of subscripts and the loop parameters. 

12 
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10.5. CONVERSATIONAL FORTRAN V 

An important element of the pro gramm ed sy stem s support provided with a UNIVAC 
1108 System is the Conversational FORTRAN Processor which provides a dynamic 
and efficient means for constructing, debugging, and mo difying a program. 

The prominent characteristic of the system is that it enables the user to program 
from a remote device with a minimum amount of preplanning. He can think freely 
on line by constructing and testing routines in a nonsequential trail~and-error 
manner. The time in which the user engages the conversational system is considered 
a "session". During a session, the system responds on a statement-by-statement 
basis. Each statem ent is translated, verified and if desired, executed immediately. 
Once this is done, the system sends a reply to the device. The user then reacts 
to the system's message. If he is using the system as a desk calculator, the 
message will most likely be the result of a requested computation. If he is con­
structi ng a pro gram, it may be diagnostic in form ation indicating that the statem ent 
con tained an erro r. In either case, the user now con verses wi th the sy stem as to 
the next step to be taken. 

10.5.1. Sy stem Features 

Some of the features provided by the conversational system are: 

• The user has immediate and sustained access to the machine. 

• The user has the ability to construct, execute, and alter statements or complete 
routines; to chan ge values of variables; to rename variables; and to request 
information selectively. 

• The user can store complete routines or portions of routines, take checkpoints 
during execu tion of a compl ex of ro u tines, and 10 ad source- statem en ts from 
optional devices. 

• The user may continue hi s se ssion at the device after an extensive time lap se. 

• The user is provided with diagnostic messages and logical analysis to allow 
modification and debugging to take place at the same level as routine con­
struction. 

10.5.2. System Concep ts 

A session is defined as the time in which the user engages the services of the 
con versational pro ce ssor. Norm ally a ses sion is iden ti fied by a user- selected 
name. During a session, the user is free to use the processor in the manner 
that is most conducive to the accomplishment of his objective. He may construct, 
execute, and save single statements, groups of statements, or a complete program. 

The environment at the device during the session the user is currently engaged in 
consists of all those routines needed for solution of a particular problem. These 
routines can be assem bled from either the user's library or they can be system 
routines provided by the processor. 

13 
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All con versational operations are perform ed during the curren t session at the 
device, When the user is constructing, executing, testing, or modifying statements, 
he is considered to be performing operations on an active image. The user has 
the ability to obtain from storage source statements which then become part of 
the active image. 0 nly one image may be active at any time at a device. 

10.5.3. Conversational FORTRAN Processor and the Executive System 

The conversational FORTRAN processor (CFOR) is but one of a number of source­
language processors made available to the user by the Executive system. The 
action it perform s is in teg rated with the m ul titude of acti vi ties con trolled by th e 
E xecuti ve. For this reason, specific atten tion was gi ven to the choice 0 f servi ces 
it renders so as to eliminate duplication of facilities already offered by the system. 
This is particularly applicable to the service language portion of the programming 
language. It is assumed that the user will employ the normal job-control language 
statem en ts 0 f the Execu ti ve to perform hou sekeeping servi ces. 

10.5.4. Conversational FORTRAN Language 

Conversational FORTR AN consists of procedural statem ents defined by the UNIVAC 
1108 FO RTRAN V language and service statements which allow the user to 
regulate the system during construction, execution, and modification of a program. 

The Conversational FO RTRAN Compiler analyzes the FORTRAN stat em ents 
introduced by the user at his terminal and immediately checks these for errors. 
If there are any, it identifies the error for the user so that it can be corrected. If 
the FORTRAN statement is without error, it is stored in an intermediate form for 
interpretive execution at a future time; or the statement may be executed immediately 
and its result stored for later use. 

The Conversational FORTRAN language encompasses the U.S.A. Standards 
Institute (USASI) FORTRAN. It is also defined by FORTRAN V and any program s 
constructed by the 1108 Conversational FORTRAN compiler may also be compiled 
by the batch compiler. 

10.6. LIFT, FORTRAN II TO FORTRAN V TRANSLATOR 

LIFT is a source language translator which accepts a FORTRAN II source language 
program as input, performs a translation, and prepares a source language program 
accep table to the FO RTR AN V Comp iler. The re is a need for tran slation since 
FORTRAN II is not a proper subset of FORTRAN V; that is, there are statement 
types in FORTRAN II that are not acceptable to FORTRAN V. 

14 
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There are nine areas of incompatibility between FORTRAN II and FORTRAN V, 
and the basic purpose of LIFT is to generate FORTRAN V Source Statements 
which replace the unacceptable FORTRAN II statements. 

1. The "F" Card 

2. Fun ct ion s 

3. Boolean Statem en ts 

4. Double-Precision and Complex Statements 

5. COMMON Statem ents 

6. Arithmetic Statem en t Functions 

7. Dim en sion Statem en ts 

S. Holl eri th Literal s 

9. Implicit Multiplication 

There are also five types of FORTRAN II statements that, although acceptable to 
the FORTRAN V processor, are converted to their FORTRAN V equivalents. LIFT 
offers two features that ease the transfer between computers: the ASSIGN and 
REPLACE card options. The ASSIGN card allows a temporary change to be made 
to the I/O Assignment Table, and the REPLACE card allows the user to have every 
occurrence of a variable name replaced with another variable. The standard output 
produced by LIFT consists of a listing of the FORTRAN II program, an annotated 
list of the translated program, and a symbolic program element suitable for use as 
input to any FORTRAN V Compiler. 

10.7. COBOL 

The 110S system provides two COBOL capabilities: an FD ANSI COBOL which 
complies with the requirements of the ANSI Standards for COBOL document 
X3.23--196S, and a DO 0 COBOL. 

10.7.1. FO ANSI COBOL 

The FO ANSI COBOL compiler provided for the 1108 System contains all the 
features of the ANSI standard, with the exception of the report writer, plus several 
useful extensions to the standard. These features are listed in the paragraphs 
that follow. 

10.7.1.1. ANSI Standard CO BOL Features 

The FO ANSI COBOL compiler contains the following features of the ANSI 
standard: 
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• Nucleus level 2 

• T abl e handling level 3 

• Sequential access level 2 

• Random access level 2 

• Sort level 2 

• Segmentation level 2 

• Library level 2 

10.7.1.2. Extensions to FD ANSI Standard COBOL 

The FD ANSI COBOL compiler of the 1108 System contains the following 
exten sions to th e AN SI standard: 

P AG E: 

• CODASYL - oriented subprogramming feature - uses the CALL and ENTRY 
verbs with LINKAGE SECTION. 

• UNIVAC subprogramming features - provides USE FOR ENTRY POINTS, 
GO TO, and PERFORM. 

• UNIVAC page control features. 

• COMMON -STORAGE SECTION feature - for using blank common. The 
featu re may be u sed with su bprogrammin g to provide communications 
between CO BOL/COBOL and CO SOL/FORTRAN program s. 

• Indexed sequential file handling capability feature - COBOL verbs using the 
ISFMS indexed sequential handler. 

• A new CO BOL file handler featuring superior input/ ou tpu t cap abili ti es. 

• Special printer fo rm shan dling - featu re which provide s change form s me s sages 
for op erator action. 

• READY and RESET debugging verbs. 

• MONITOR debugging verb feature with the ability to suspend and reactivate 
its function. 

• Multiple receiving fields feature for ADD and SUBTRACT verbs. 

10.7.2. DOD COSOL 

The DOD COBOL compiler of the 1108 System is based on the Department of 
Defense publication "COBOL Edition 1965". It accepts statements written in 
the COSOL language as adapted for the 1108 System and produces an executable 
program. For further information concerning 1108 CO BOL, refer to the "UNIV AC 
1106/1108 COBOL Supplementary Reference Manual" UP-7626 (current revision). 

16 
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10.7.2.1. DOD COBOL Features 

The major DOD COBOL features implemented on the 1108 System are: 

• COMPUTE verb and arithmetic expression in conditional statement 

• Table handling (SEARCH) 

• Segmentation 

• Mass storage 

• COpy 

• Characters used in arithmetic expression (+, 

expressions(=, >, <) 
*, I, **, =), and in relational 

• Literals up to 132 characters 

• The ENTER verb 

• The LOCK option on the CLOSE verb 

• The ADV ANCING option on the WRITE veri) 

• The REVERSED option of the OPEN verb 

• Operands used in arithmetic can be up to 18 digits long 

• AND and OR connectors in compound conditions 

• Parentheses in compound conditions 

• All abbrevi ation s of conditional statem en ts 

• The OBJECT-COMPUTER paragraph 

• The APPL Y clause 

• f~ERUN 

• The DAT A-COMPIL ED clause 

• Library provisions 

• Multiple results from arithmetic verbs 

17 
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10.7.2.2. Extensions and Special Features of DOD COBOL 

The following features, implem ented in UNIVAC 1108 CO BOL, are sp ecial 
UNIV AC extensions to the COBOL language: 

• COBOL subprogram communications 

• MONITOR 

• Dynamic date 

• Common storage 

• P age control 

A Report Generator, not part of the COBOL processor, is available for COBOL 
program s. 

The following are special features implemented in the UNIVAC 1108 COBOL: 

PAGE: 

• Segmentation - COBOL programs can be segmented by use of priority numbers 
on procedural sections, 

• Monitor - Provides dynam ic program c heckou t fac ili ties. 

• Library - The procedure definition processor is available to store environment, 
data, and pro cedu re di vision desc 1i p tions so th ey can be retri eved by th e COP Y 
and INCL UD E verb. 

• Rerun - The programmer can specify rerun after any number of records have been 
pro ces sed or when an end of reel is encoun teredo 

• Common Storage - Since COBOL programs can be chained (an Executive function), 
intermediate data results can be maintained between programs using the common 
storage provision of UNIVAC COBOL. The elements sharing common storage may 
be from another 1108 processor such as FORTRAN V. 

• Overpunched Sign Convention - Tapes and cards prepared in the overpunched 
sign convention can be processed. 

18 
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10.7.3. a pe rational Ch aracteristic s 

Both CO BOL compilers of the 1108 System operate similiarly to any processor under 
the EXEC 8 System. (A version of the DOD COBOL compiler also operates under 
the EXEC II operating system.) The compilers accept COBOL source input from a 
user-specified file and produce relocatable binary output and source output in user­
specified files. In addi tion? several listings may also be specified by the user. 
These include: 

• Source 1 an guage listings 

• Diagnostic messages 

• Cross-reference listings 

• Object code listings 

The compiler diagnostics messages are of two categories: 

Warning - A minot' source language error has been detected which does not affect 
the program being produced. This type of diagnostic is iden tified by the word 
ERROR preceding the actual message. 

Fatal - A major source language error has been detected which very likely will 
adversely affect the program being produced. The compiler will continue to 
process the source language but will fl ag the program produced as being in error. 
This type of diagno stic is identified by the word ER RO R* P receding the actual 
message. 

10.8. ALGOL 

The ALGOL language allows the mathematician or engineer to prepare programs 
for the UNIVAC 1108 without the necessity of becoming familiar with the details 
of the internal machine operation. The ALGOL compiler then generates? from 
this pseudo-mathematical source language? efficient coding in a relocatable binary 
form at accep table to the E xecuti ve for execution? the filing sy stem for cataloging 
and filing? or both. 

The basis for the UNIVAC 1108 AL GaL is the "Revised Report on the Algorithmic 
Language? ALGOL 60" (Communications of the ACM? Vol. 6? January 1963? 1-17). 

UNIVAC 1108 ALGOL is an extended hardware representation of ALGOL 60 designed 
to employ.the UNIVAC 1108 processor ~nd associated peripheral equipment efficiently. 
Certain extensions to basic ALGOL have been made. It can handle the powerful 
input/output logic; it has the ability to name strings; and it is capable of performing 
complex and double precision arithm etic. 

10.9. SORT/MERGE 

The UNIVAC 1108 Sort/Merge package is fully modular with every functional unit 
completely self-con tained. This permits the various units to be individually adapted 
to their own particular tasks? enabling them to be asso ciated in the most effecti ve 
form and allowing updating and augmentation. 
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Th e package is not a generato r of speciali zed so rtl merge rou tines; rather, the user 
calls and adapts the independent modules for all his specific sorting needs by 
p resen ting his p aram eter val ues on con trol cards at 10 ad time. 

In the internal sort the replacement selection method, which takes advantage of any 
inherent sequ ence in th e original data, is used. Strings may be written upon magnetic 
tape or drum, The FH-432 and FH-1782 drums, because of their high transfer rates 
and rapici access, minimize processor waiting time and thus greatly speed efficient 
sort operations. Any random access unit areas may be defined by the superviso r 
and these are automatically used by the subsystem if an advantage can be gainedo 

The input data to be sorted may be stored on magnetic tape, punched cards, or 
magnetic drum. User own coding may be inserted on the first and final passes of 
the sort/merge operation and may also replace the standard comparison routines. 
Sorting generally requires the use of two magnetic tape units although additional 
units can be employed to gi ve faster times. 

Keys may be in multiple form and can be recorded, modified, and packed. Standard 
colI ating sequences are in trinsi cally provided fo r, but the user may define any 
collating sequences he requires, up to a maximum of seven, and any combination 
of these may be utilized in the same run. Fixed or variable length items can be 
handled. 

The sort/merge package normally uses 20,000 words of main storage, 262,000 words 
of magnetic drum storage, and magnetic tape units of any kind as required; but the 
user may specify more main and drum storage, and additional magnetic tape units 
to increase efficiency and speed. 

10.10. MATHEMATICAL FUNCTION PROGRAM S 

The UNIVAC So ftw are Sy stem inclu des an exten si ve coIl ection 0 f basic m athem atical 
functions and subroutines. This collection includes all of the standard FO RTRAN 
functions and has been expanded to give the programmer a more complete coverage 
of the often used math ematical routines. Each of these m athem atical routines has 
been carefull y developed to 0 Her the p rogramm er maxim urn acc uracy and range with 
a minimum routine size and executive time. These routines are available to each 
of the program languages, FORTRAN V, Assembler, COBOL (through the use of 

20 

the ENTER verb option), and ALGOL. One group of routines, the series of 
exponentiation routines (NEXPi), is automatically referenced when the FOI<TRAN V 
source program indicates exponentiation with the operator, **, and inline exponentiation 
is not feasi ble. 

The various mathematical function programs are: 

• Library Functions 

• The FORTRAN Built-in Function 

• The Exponentiation Functions 
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These routines are available to the processors in different manners. For example 1 

the routine SQRT provides a single precision square root of the argument (x). To 
utilize this routine, the processors employ the following calling sequences: 

• FORTRAN V Calling Sequence: 
ROOT = SQRT (X), when X is a FORTRAN V real variable. 

• ASSEMBLY Calling Sequence of a FORTRAN V Math Function: 
a LMJ X11,SQRT 
a + 1 + Address of X 

21 

a + 2 + SEQNUM, PRONAM . WALK BACK WD AND NORMAL RETURN 
REAL (single precision, floating point) function values are left in AD on normal 
return. 

• COBOL Calling Sequence: 

ENTER SQRT REFERENCING X 

10.11. APPLICATION PROGRAMS 

The U NIV A C 1108 Sy stem h as an exten si ve Ii brary of application program sand su b­
rou tines. The m aj or application pro gram s such as 1 in ear p rogramm ing (L P), au to­
matically programmed tools (APT III), and PERT are briefly described in the 
following paragraphs while others are simply mentioned by tit1 es. This is by no 
means an exhaustive list of programs or subroutines. It is meant only to point out 
the m any types of app1 ication pro gram s available for UN IV A C 1108 Sy stem. 

10.11.1. Linear Programming System 

Linear programming (LP) has become one of the most useful and frequently used 
operations research techniques in manufacturing and transportation industries. 
In the production and distribution of products 1 LP provides a solution to minimize 
costs or maximize profits. The LP system developed for the UNIVAC 1108 System 
embodies a powerful algorithm which employs the "product form of the inverse" 
method. Further 1 the algorithm is improved with an advanced path selection 
technique. The package is coded in FORTRAN V and assem bly language. 

The more prominent features of the 1108 LP System are as follows: 

• The system can accommodate up to 4094 rows and 99,000 columns, wi th its 
maxim urn den si ty a function 0 f the m ass storage assigned. 

• The use of random access, high speed magnetic drum s places this system 
at a distinct advantage over other LP systems which depend upon slower 
and nonrandom access devices such as disc and tapes for their operation. 

• Both single-precision and double-precision computations are available. 

• The control language of this system is a powerful and flexible interpretive 
control language, containing a large number of commands. The sophisticated 
user may use macros in constructing his com m and string. In addi tion 1 the 
sol u tion can be in terrup ted and param eters chan ged to optim ize the sol u tion 
path. On the other hand, the average user may still execu te his LP problem 
using only a few basic LP commands. 
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• SHARE standard format is used for the LP data. 

• Sy stem parameters may be easily reset. 

• LP data can be solved~ revised~ and resolved in one run, Nonlinear programming 
can be accomplished by approximating nonlinear functions with linear steps and 
reoptimizing the problem at each step. 

In addition to the above~ long LP runs can be split with dump and restart procedures. 
Also, po stoptim al parametric pro gramm ing or a compl ete tableau can be 0 btained, 
The final output inclu des the objective function value~ optimal basis, vector levels, 
shadow prices~ and reduced costs. 

10.11.2. APT III 

Automatically pro gramm ed tool s (AP T) is a system for the computer- as sisted 
programming of numerically controlled machine tools: flame cutters, drafting 
machines, and similar equipment. It is production-oriented, written to take full 
advantage of num erically con trolled techniques in engineering and m anuf actering 
with the least expenditure of effort, time, and money. 

APT enh an ces mo st 0 f the usual adv an tages found in num erical control: reduced 
lead tim e, greater desi gn freedom and flexibility ~ lower direct costs, greater 
accuracy, improved production forecasting, lower tooling costs, better engineering 
control of the manufacturing process~ and simplified instruction of changes. 

The APT III program represents over 100 man-years of development and testing. 
After extensive experience with an earlier program~ APT II, the Aerospace 
Industries Association made a new start and wrote APT III from the beginning~ 
during the calendar year 1961. At the completion of this package, APT III was 
turned over to the Illinois Institute of Technology Research Institute for further 
development under the APT Long-Range Program (ALRP). Standard versions 
of APT are available to UNIVAC 1108 installations without payment of any 
royalty or fee. Participation in IITRI activities and access to their experimental 
version s of AP T require m em bershi p in the AP T ion g-ran ge program. 

Univac participated in the original writing of APT III and has been a member 
of the APT long-range program from the beginning. Numerical control specialists 
are continually working to keep the UNIVAC 1108 APT program in the forefront 
of the art. As implemented on the UNIVAC 1108 System APT III will continue 
to conform to the latest APT long-range program specifications. 

10.11.3. PERT 

The UNIVAC 1108 PERT system is a generalized applications program for 
project/program planning and control. It consists of both TIME and COST modules. 
The modular design of this program allows separate processing of the time networks 
and the co st structure while simul taneously providing for integrated tim e and cost 
reporting. 

The PERT/TIME module is both activity and event oriented. The input to this 
module is provided by a deck of cards which describes the network to the system. 
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These cards are then processed to perform network computations and, if needed, 
update a TIME master file created by a previous run. As a final step, the 
PERT/TIME module generates various useful repo rts, such as an acti vi ty report, 
an event report and a milestone report. 

The PERT / CO ST module is based upon the framework provided by the' 'DOD/N ASA 
Guide to PERT/COST System Design". The DOD/NASA design is based upon 
the concept of costing work packages rather than individual network activities. 
A work package is a discrete unit of work required to complete a specific job or 
process. The work packages of a research and development project are directly 
related to activities or groups of activities on the project network. The work 
package is the basic unit of the PERT/COST system for which actual project 
costs are collected and compared with estimates for purposes of cost control. 

The input to the COST module is a deck of cards describing the work breakdown 
structure, the actual budgeted and estim ated costs for the work packages, and 
a table of labor and overhead rates. This information is processed to accumulate 
costs up through a cost breakdown tree and, if needed, is integrated with the 
TIME output. Required cost reports at desired summarizing levels are then 
generated. 

The PERT system is oriented towards alphanumeric characters. Necessary 
inform ation such as event co des, charge and sum mary numb ers, respon si ble 
organizations, performing organizations, and resource codes can be designated 
in any arbitrary fashion as a string of alphanumeric characters. Event codes, 
for example, do not have to be numeric, nor do they have to be in any particular 
sequen ceo Th e pro gram module perform s all necessary 0 rdering in ternally. 
The system converts all computed times to calendar dates and makes necessary 
adjustments for vacations and holidays, if any. 

10.12. MATH-PACK 

MATH-PACK provides the UNIVAC 1108 System with a comprehensive library of 
78 fundamental mathematical subprogram s coded in FORTRAN V. The purpose of 
thi s 1i brary is to p resen t to the m athem atician, the scienti st, and the engineer 
many of the more frequently used tools of numerical analysis. These subroutines 
and function subprograms are designed to speed up and simplify solutions to 
problems encountered in many areas of scientific research. 

Th e su bp rograms are group ed into fourteen catego ries: 

• In terpo latio n 
• Numerical In tegration 
• Solution of Equations 
• Differentiation 
• Polynomial Manipulation 
• Matrix M anipul ation: Real M atrice s 
• Matrix M anipul ation: Com plex Matrices 
• Matrix M anipul ation: Ei gen val ues and Ei gen vecto rs 
• Matrix M anipul ation: M iscellaneo us 
• Ordinary Differential Equations 
• Systems of Equations 
• Curve Fitting 
• Pseudo-Random Number Generato rs 
• Specific Functions 
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Each of these classes contains subroutines and function subprograms that are 
generally useful for problems commonly encountered by mathem aticians, scientists, 
and engineers. 

Appendix D lists all of the MATH-PACK subprograms. 

10.13. STAT-P ACK 

STAT-P ACK provides the UNIVAC 1108 System with a comprehensive library of 
91 fundamental statistical subprograms coded in FORTRAN V. The purpose of this 
library is to present to the statistician, the scientist, the operations research 
specialist, and the engineer many of the more frequently used tools of statistical 
analy si s. These su broutines and function subpro gram s are desi gned to speed up 
the preparation of solutions to statistical problem s encoun tered within m any areas 
of scientific research. 

The su bp ro gram s are group ed into thirteen categories: 

• Descriptive Statistics 
• Elementary Population Statistics 
• Distribution Fitting and Plotting 
• Chi-Square Tests 
• Significance Tests 
• Confidence Intervals 
• Analy sis of Variance 
• Regression Analysis 
• Time Series Analysis 
• Multivariate Analysis 
• Distribution Functions 
• Inverse Distribution Functions 
• Miscellaneous 

Each of these classes contains subroutines and function subprograms that are 
generally useful for problems commonly encountered by statisticians, scientists, 
and en gineers. 

Appendix E lists all of the ST AT-PACK su bprograms. 

10.14. GENERAL PURPOSE SYSTEM SIMULATOR 

The general pu rpo se system sim ul ato r (G P SS) is designed for testing and ev al uating 
a system by simulating operations on a symbolic system representation. GPSS i"s 
an interpretive program which accepts parametric statements in which the user 
describes the system to be simulated. These statements specify the actions which 
are to be taken upon the model. 

There are three entity types in GPSS: dynamic, equipment, and statistical. The 
dynamic entities (transactions) are the units of traffic. Dynamic entities compete 
for equipment en tities wi thin a sched uling mo del. This model is based on a 
transaction priority and simulation of intervals relative to scheduled event time. 
GPSS is an event-oriented simulation. 
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Equipment entities are of three types: facilities? storages? and logic switches. 
F acili ties process only one transaction during any increm en t of sim ulation time. 
Storages have the property of capacity and are capable of simultaneously processing 
as many transactions as can be accommodated by their defined capacity. A logic 
switch is a binary indicator which can be used to record some system condition 
(physical or logical) that is instrumental in deciding when or how tasks are to be 
executed. 

Statistical entities of GPSS allow the input of numerical information? establish 
numerical relationships among system variables? and facilitate output of the 
effects of equipment competitions. 

10.15. SIMULA 

SIMULA? developed at the Norwegian Computer Center at Oslo under contract with Univac, 
satisfies the need for studying complex systems stemming from modern technological 
developm en t. It facilitates the n um erous methods for planning? predictin g, an d 
deci sio n making in all form s of research and practice. 

SIMULA? a simulator based on ALGOL as a subset (they even share a common 
compiler)? provides a language to describe a wide class of phenomena. It provides 
a program m ing language for generating (th rough a compi! er) sim ulation program s 
which are used to analyze a series of instantaneous events in a complex system 
(know n as a disc rete event sy stem) associated with the phenom ena. With prop er 
formulation? this definition encompasses most physical/logical systems dependent 
on time. Control is achieved by the Executive system. 

The language is built around a few basic concepts selected to provide the research 
worker with a standardized approach to a wide class of problems. These concepts 
are integrated into the language in a way that makes it readable; hence? the 
language al so serves as a useful tool for communicationo 

A SIMULA program describes a sequence of events rather than a set of permanent 

relationshipso For example? the permanent relationship viewpoint of a store 
counter for serving a line of customers is that the customers are passive entities 
acted upon by the store clerk (a series of service completions)o The drawback to 
this viewpoint is that interactions between passive entities cannot be studied (for 
example? impatient customer steps ahead in line in reaction to slow customers 
ahead of him)" 8 y su bordinating the form ation of perm anen t reI ation ships? SIM U L A 
permits the modeling of a great variety of decision rules and interactions between 
system entitieso 

The range of variation in decision rules and interactions between system components 
is so great that it is necessary to let the language contain a general algorithmic 
languageo This is an important reason why ALGOL? which has a compatible block 
structure? was choseno 

In contrast with analyti~t methods? which offer more complete and reliable information 
than the statistical inferen~e from a simulated sample of system runs? simulation 
enables the study of problems of greater complexity? and both transient and stationary 
states of systems may be analyzed whereas the analytical approach often is limited to 
stationary stateso 
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SIMULA's statistical gathering statements have some semiautomatic output reporting 
routines, and the programmer has all the features of ALGOL available for gathering 
particular types of statistical simulation data and generating other types of reports" 

10.16. FUNCTIONAL MATHEMATICAL PROGRAMMING SYSTEM (FMPS) 

The functional mathematical programming system (FMPS) is an advanced methematical 
programming system designed to operate on the UNIVAC 1108 System" FMPS is designed 
as a series of procedures which may be called upon by the Executive system" It is 
particularly suited to: 

• In vestmen t pI annin g 

• Prod uction scheduling 

• Dynamic capital budgeting 

• In ventory policy 

• Advertising media selection 

• Fleet compostion 

• Warehouse location 

• Allocation 0 f research fun ds 

• Communication netwo rk analysis 

• Economic mo deling 

• Corporation modeling 

The sequence of operations executed in an FMPS run is controlled by the user through 
statem en ts written in a user-oriented control language cIo sely resem b ling FORTRAN" 
All procedures can be initiated by this con trol language, and all procedures are 
available for execu tion when the FMPS program is loaded" The control language 
serves the following function: 

• initialization and, if desired, modification of tolerances during the execution; 

• assignment of input/output devices at the FMPS level; 

• preprogramming of the action to be taken in case of exception or error conditions" 

FMPS may be used as a self-contained package or as a segment of a user-designed 
optimization package" The major features of FMPS are described in the following 
paragraphs" 

26 



27 UPfl4046 I 
Rev.~~ ____ ~U~N~~I~V~A~C~11~O~8_S~Y~S~T_E~M~D_E~S_C~R~IP_T~IO_N ______ ~ __________ ~SE_C_T_I_O_N_: __ ~~P_A_G_E_: ___ , 

10 

• Matrix Generator and Report Writer - GAMMA 3 

GAMMA 3 is a sophisticated and powerful matrix generator and report writer 
desi gned to prov ide speed and accuracy in handling speciali zed ma trix fo rm ats, 
extraction of data from analy zed solu tion, and producing useful and understandable 
reports, With GAMMA 3, the user also has the capability to prepare reports 
comparing multiple solutions, All details of the interface between GAMMA 3 
and the FMPS are handled internally and autom atically, The operation of GAMMA 3 
is in th ree ph ases. 

The data definition ph ase provide s for the collection, m ani pul ation, and m ain­
tenance of data in the form of lists and data tables, Multifile maintenance 
capability and display facilities can be used to handle user-prepared data files, 
E xtensi ve computation cap abili ty and conditio nal 10 gic are in eluded, Bui! t-in 
error checking is available through such techniques as the use of the empty 
condition of data cells which have never been loaded, 

Problem formulation phase provides for automatic interfacing of data files and 
generation of problem structures, Extended capabilities such as bounding and 
ranging, and separable programming are supported as are multiple RHS, cost 
rows, bounds, and ranges. This phase can prepare either a full matrix or revise 
set inpuL 

• Linear Programming Algorithm (LP) 

The linear programming optimi zation procedure utilizes the mo st recent and 
efficien t prod uct fo rm of inverse al gori thm, Th e algo ri thm inclu des m ultipl e 
pricing, upper and lower bounding, and range constraint capabilities, The 
inversion technique uses a matrix triangularization scheme which is one of the 
most advanced in the industry, 

• Generalized Upper Boun ded Algorithm (G UB) 

The generalized upper bounded algorithm is designed to solve large linear 
pro grammi ng/ tran spo rtation/ weighted distri bution mo dels without requiring a 
separate row in the matrix for each demand, 

• Mixed In teger P rogramm ing (MIP) 

Mixed integer programming is designed to solve mixed integer continous variable 
problems, MIP allows a stipulation to be entered that certain of the variables take 
on integer val ues, This pro ced ure invol ve s a dual decomp osi tion method, linked 
with a direct search pure integer algorithm, The linear programming run is used 
to create constraints for the pure integer problem which, in turn, yields output 
to cause a right-hand side change in the linear program, The process is recursed 
until either the global optimum is found or a tolerance is meL 
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• Separable Programming Operating Algorithm (SEP) 

Separable programming algorithm provides the FMPS user with the capability 
of handling certain types of nonlinear functions" The nonlinearities must 
comply wi th the follow ing imp ortan t restrictions: 

A nonlinear function in n variables must be separable into the sum of n 
fun ctions, each in term s of only one of these variables, th at is: 

Each of the n functions must be representable by a piecewise linear 
approximation of that function" 

• Nonlinear Recursive Procedures 

FMPS is designed to permit the incorporation of nonlinear procedures through 
recursi ve m atri x modification" In gen eral, a recursive solution method is 
applied to a problem with nonlinear constraints, nonlinear (concave) objective 
functions, or both" The problem is assumed to be expressible in linear terms, 
that is, with linear approximations su bsti tuted fo r design ated nonlinear elem en ts" 
Under these circumstances, the recursion procedure consists of: 

Solution to the linear problem as an LP problem in the normal fashion" 

Accessing a user-supplied file of information identifying the matrix elements 
of concern (that is, those involved in nonlinearity), and designating values 
to be u sed in calcul ating new values of these elemen ts" 

Determining, according to a procedure specified by the user, the appropriate 
new values of designated elements using solution activities of pertinent 
variables and the data supplied by the usero 

Testing for convergence of the solution through use of user-specified tolerances 
of the di fferen ce between calc ula ted and curren t elemen t val ues, or other 
appropriate criteria" 

Returning to start if the convergence criteria are not meL 

The cyclic process described will continue until convergence is attained or the 
num ber of recursion steps performed exceeds a limit specified by the usero 

• Solution Reporting 

Solution reporting permits fully automatic response to changes in problem 
formulation" A11 tables and lists from the data definition phase are available 
as well as all output which the linear program is capable of transmitting" Full 
computational and logic capabilities exist, permitting the development of 
calculated results for reporting and the control of reporting procedures based on 
analysis of data and results" Comprehensive formatting and line control features 
are included" 

28 
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The following procedures can be called upon when using the various FMPS 
modes: 

INPUT 

OUTPUT 

REVISE 

CRASH 

OPTIMIZE and 
INVERT 

SOLUTION 

ERRORS 

CONDITION 

GET 

BASISOUT 

SAVE 

BASISIN 

RESTORE 

SCALE 

PARARHS and 
PARAOB] 

RANGE 

PUBLISH 

LOADLIST 

REBOUND 

LOGCST 

used to read matrix data from cards or tape 

u sed to display th e input or curren t matrix in various form ats 

used to read correction data for modifying the matrix 

used to create an initial basis structure for the current matrix 
and performing various preliminary validity checks on the matrix 

perform the actual linear programming solution 

used for displaying the solution values in various formats 

displays the computation errors incurred during the solution 
process for the prim al and dual problems 

prin ts out the com m unications region con ten ts 

allows the user to obtain information about a row or column 
and to alter his strategy in the control language 

provides the facility to punch for file the current basis 
structure and bounds status 

saves the contents of the communications region, the various 
internal work areas, and all internal files 

provides the facility to input a new basis or to modify the 
existing basis 

restores the data areas and internal files saved by the 
procedure SAVE 

p rov ides th e facility to perform scaling on the elem en ts of 
the matrix as well as the right-hand side 

perform post-optimal parametric analysis of the solution with 
respect to the right-hand side and objective function 

perfo rm s post-optim al range an aly sis 

activates a report writer routine to display the solution or 
input matrix in an application-oriented format 

loads a list of ROW labels and/or column labels as selection 
lists or m asks when selective output is desired 

provides the facility to set bounds on all finite rows contained 
in the mo del 

a general purpo se proced ure for treatm en t of nonhnear co st 
coefficients 
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, ______ • __________________________________ L-________ ~ __ ~ ______ ~ ____ ___ 

APPENDIX A. NOTATIONAL 
CONVENTIONS 

Abbreviations and symbols frequently used in the description of the instruction repertoire 
are given below: 

)c 

)f 

)i 

( ) m 

)j 

Contents of register or address within parentheses. 

Complement of contents of register or address. 

Absolute. value or magnitude. 

Subscripts indicate the bit positions involved. A full word is normally not subscripted. Subscripts 

are also used to designate octal or decimal notation. 

Floating point biased exponent. 

Final contents. 

Initial contents. 

Floating pOint fixed point part. 

j~designated portion. 

F unction code. 

Partial word designator or function code extension. 

a Arithmetic register designator. In input/output instructions, "a" designates an I/O channel. 

A Ar ithmetic Register. 

x Index register des ignator. 

xa Index register designator in a~field. 

X Index Registe r. 

Xa Index Register spec if ied by cod ing xa' 

Xm Modifier portion of an index register. 

X i Increment portion of an index register. 

Same as ra' 

ra Designator specifying an R Register. It is coded in the a~designator position of an instruction word. 

R R Rt3gister. 

Ra R Register specified by coding ra' 
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u The base address of the operand (or the actual operand) as coded in u-field of an instruction. 

U The effective address or value of the operand after application of indexing and indirect addressing. 

Ud Destination address. 

Us Source address, 

h h-designator of the instruction word. A value of 1 specifies incrementation of an index register. 

i-designator of the instruction word. A value of 1 specifies indirect addressing. 

PSR Processor State Register. 

BI 

BS 

BD 

SLR 

CSR 

I-Base Storage Block Number. } 
Program Effective Switch point. . 

D-Base Storage Block Number. 

Storage Limits Register. 

Channel Select Register. 

P Program Address Register. 

PSR Base 

Re lative Address ing 

Fields 

rJID] Symbol denoting logical product, or logical AND. 

[illI Symbol denoting logical sum, or inclusive OR. 

ElillI Symbol denoting. logical difference, or exclusive OR. 

--+-- 0 irection of data flow. 
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APPENDIX B. SUMMARY OF 
WORD FORMATS 

FIXED·POINT MULTIPLY SINGLE INTEGER RESULT 

~~34~ ____________ . ____________________________________________________________________________________________________________________________________________ ~01 

ADO HALVES WORD FORMAT 

~~34~ ______________________________________________________________ ~lT8~ll~~~1~16~----------------------------------. ____________________ ~ol 
L ______ Carry _____________ -'t L-I ____________ Carry ________ -.It 

!!]~ 4 TH I RDS wa Ra FORMA T 241 ;31 ~2 
121~1110 01 

L Carry _____ ~t L-I ________ _ Carry ____ -It '--_____ Carry ____ -If 

MANTISSA 

SINGLE-PRECISION FLOATING POINT RESULT 

1sT CHARACTERISTIC I 
~34 (BIASED EXPONENT) 27 26 

r::l CHARACTERISTIC 
[fU34(BIASED EXPONENT) 27 26 

UJ34 

[ 

STORAGE LIMITS WORD 

MANTISSA (NORMALIZED) 

A 

MANTISSA (NOT NECESSARILY NORMALIZED; CONTAINS RESIDUE, 
LEAST SIGNIFICANT WORD OF PRODUCT, OR REMAINDER) 

A +1 

MANT ISSA 

A 

MANT ISSA 

A + 1 

01 

01 

I I·PORTION I·PORTION I D·PORTION I U,PORTION 
~ ______ U_P_P_E_R __ L_IM_IT ______ ~2~7~2~S _____ L_O_W_E_R ____ L_IM_I_T ______ ~18~~1~7 _________ U_P_P_E_R_L ____ IM_IT ____________ ~9c8~ ____ L_O_W ____ E_R_L_I_M_IT ______ ~ 

NOT USED 
PROCESSOR STATE WORD + 

~---------------- ~~12S BI 18117Ls115 
L-________________________ r-_____________________ ~t • 

DeSignatJr Section QUARTER· 
WORD 

DESIGNATOR 

BS BD 

Relative Addr~ssing Section 
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INSTRUCTION WORD 

INDEX REGISTER WORD 

lSI ACCESS CONTROL WORD 

ESI ACCESS CONTROL WORD (half word) 

ESI ACCESS CONTROL WORD (quarter word) 

SINGLE·PRECISION FIXED· POINT WORD 

DOUBLE·PRECISION FIXED·POINT WORD 

A 

A+! 

FIXED·POINT INTEGER MULTIPLY RESULT 

A 

A + 1 

FIXED·POINT FRACTIONAL MULTIPLY RESULT 

A 

A +1 

BIASED ESI VAL UES IN IACR'S 

BIASED INPUT ESI VALUE 
35 18 17 

Appendix B 2 
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v 

v 

v 

BIASED OUTPUT ESI VALUE 
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1"'---

Instruction 

Code (Octal) --f i 

00 -

01 0-15 

02 0-15 

03 0-15 

04 0-15 

OS 0-15 

OS 0-15 

07 -

10 0-17 

11 0-17 

12 0-17 

13 0-17 

14 0-17 

15 0-17 

IS 0-17 

17 0-17 

20 0-17 

21 0-17 

22 0-17 

23 0-17 

24 0-17 

25 0-17 

26 0-17 

---

APPENDIX C. INSTRUCTION 
REPERTOIRE BY 
FUNCTION CODE 

Execution 

Mnemonic Instruction Description ® Time (j) 

in f1 sec. 

- Illega I Code Causes illegal instruction inter- -
rupt to address 2418 

S,SA Store A (A)--) U .75 

SN,SNA Store Negative A -(A)--) U .75 

SM,SMA Store Magnitude A \(A)\--) U .75 

S,SR Store R (Ra) --) U .75 

SZ Store Zero ZEROS --) U .75 

S,SX Store X (X a) --) U .75 

- Illega I Code Causes illegal instruction inter-
rupt to address 2418 -

L,LA Load A (U)--) A .75 

LN ,LNA Load Negative A -(U) --) A .75 

LM,LMA Load Magnitude A \(U)\--) A .75 

LNMA Load Negative Magnitude A -\(U)\--) A .75 

A,AA Add to A (A)+ (U)--)A .75 

AN,ANA Add Negative to A (A) - (U) --) A .75 

AM,AMA Add Magnitude to A (A)+ \(U)\--) A .75 

ANM,ANMA Add Negative Magnitude to (A) -\(U)\--) A .75 
A 

AU Add Upper (A) + (U) --) A + 1 .75 

ANU Add Negative Upper (A)-(U)--)A+l .75 

BT Block Transfer (Xx+u) --) Xa+u, repeat K times 2.25 + 1.5 K always 

L,LR Load R (U) --) Ra .75 

A,AX Add to X (Xa)+(U)--)X a .75 

AN,ANX Add Negative to X (X a ) - (U) --) Xa .75 

LXM Load X Mod ifier (U)--)X a ;Xa 
17.0 35-18 

.875 unchanged 
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f i 
27 0-17 

30 0-17 

31 0-17 

32 0-17 

33 -

34 0-17 

35 0-17 

36 0-17 

37 -

40 0-17 

41 0-17 

42 0-17 

43 0-17 

44 0-17 

45 0-17 

46 0-17 

47 0-17 

50 0-17 

51 0-17 

52 0-17 

53 0-17 

54 0-17 

55 0-17 

56 0-17 

Appendix C 2 
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Execution 

Mnemonic Ins truc ti on Des cri ption@ TimeCD 

in /l sec. 

L,LX Load X (U) -') Xa .75 

MI Multiply Integer (A) . (U) -') A ,A + 1 2.375 

MSI Multiply Single Integer (A). (U) -') A 2.375 

MF Multiply Fractional (A)·(U)-')A,A+l 2.375 

- IIlega I Code Causes illegal Instruction inter-
rupt to address 2418 -

DI D iv ide Integer (A ,A + 1) 7 (U) -') A; 
REMAINDER -') A + 1 10.125 

DSF Divide Single Fractional (A)7(U)-')A+l 10.125 

DF Divide Fractional (A ,A + 1) 7 (U) -') A; 
REMAINDER -') A + 1 10.125 

- IIlega I Code Ca uses i lIega I instruction inter-
rupt to address 2418 -

OR Logica I OR (A) [illJ (U)-')A+l .75 

XOR Logical Exclusive OR (A) taillJ (U) -') A + 1 .75 

AND Logical AND (A) rJID] (U) -') A + 1 .75 

MLU Ma s ked Load Upper [(U) mI!l (R2)] [illJ [(A) 
mI!l (R2)] -') A + 1 .75 

TEP Test Even Parity Skip N I if (U) rJm] (A) has even 
parity 2.00/1.25 

TOP Test Odd Parity Skip N I if (U) rJID] (A) has odd 
parity 2.00/1.25 

LXI Load X Increment (U) -') Xa ; Xa unchanged 1.00 
se·'8 '7·0 

TLEM Test Less Than or Equal SkipNI if(U),7.0«X) . 
to Modifier a '7.0' always 

TNGM Test Not Greater Than (Xa ), 7.0+ (Xa) 8l!1., 8 -') 1.75/1.00 
Mod ifier (Xa)'7.0 

TZ Test Zero Skip NI if (U)= ± 0 1.625/ .875 

TNZ Test Nonzero Skip NI if (U)=* ± 0 1.625/ .875 

TE Test Equa I Skip NI if (U)= (A) 1.625/ .875 

TNE T est Not E qua I Skip NI if (U) =* (A) 1.625/ .875 

TLE Test Less Than or Equal Skip NI if (U)~ (A) 1.625/ .875 
TNG Test Not Greater 

TG Test Greater Skip NI if (U» (A) 1.625/ .875 

TW Test Within Range Skip NI if (A)< (U)~(A + 1) 1.75/1.00 
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In struc:tion Execution 

Code (Octal) 
Mnemonic Instruction pescri~tion® TimeCD 

f i in {J. sec. 

57 0-17 TNW Test Not Within Range Skip NI if (U)< (A) or 
(U»(A+l) 1.75 /1.00 

60 0-17 TP Test Positive Skip NI if (U)3!5= 0 1.50 / .75 

61 0-17 TN Test Negative Skip NI if (U)3!5 = 1 1.50 / .75 

62 0-17 SE Search Equal Skip NI if (U) = (A), else 2.25 + .75 
repeat always 

63 0-17 SNE Search Not Equal Skip NI if (U) =1= (A), else 2.25 + .75 
repeat always 

64 0-17 SLE Search Less Than or Equal Skip NI if (U)~(A), else 2.25 + .75K 

SNG Search Not Greater repeat always 

65' 0-17 SG Search Greater Skip NI if (U» (A), else 2.25 + .75K 

repeat a Iwa ys 

66 0-17 SW Search With in Range Skip NI if (A) < (U)~(A+1), 2.25+ .75K 
else repeat always 

67 0-17 SNW Search Not Within Range Skip NI if (U).,S, (A) or 2.25 + .75K 
(U» (A+1), else always 

repeat 

70 ® JGD Jump Greater and Jump to U if (Control Register) 1.50/ .75 

Decrement ja> O;go to NI if (Control always 
Register)ja:s.. 0; a Iways (Control 
Register)ja - 1 ~~ Control 
Register ja 

n 00 MSE Mask Search Equal Skip NI if (U) fJID] (R2) = (A) 2.25 + .75K 
fJID) (R2), else repeat always 

n 01 MSNE Mask Search Not Equal Skip N I if (U) mm (R2) =1= 2.25 + .75K 
(A) rJmJ(R2); else repeat always 

n 02 MSLE Mask Search Less Than or Skip N I if (U) r..mE (R2) s.. 2.25 + .75K 
Equa I (A) mrn (R2), else repeat always 

MSNG Mask Search Not Greater 

71 03 MSG Mask Search Greater Skip NI if (U) rJID] (R2) > 2.25 + .75K 
(A) mrn (R2), else repeat always 

n 04 MSW Masked Search Within S.kip NI if (A) mrn (R2) < 2.25+ .75K 
Range (U) mrn (R2),S. (A+1) SID] a !'ways 

(R2), else repeat 

71 05 MSNW Masked Search Not Within Skip N I if (U) r:.m!l (R2) ~ 2.25+ .75K 
Range (A) r.1IDl (R2) or (U) mm always 

(R2) > (A+l) ~ (R2), else 
repeat -, 
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Code (Octal) 

f i 
71 06 

71 07 

71 10 

71 11 

71 12 

71 13 

71 14 

71 15 

71 16 

71 17 

72 00 

72 01 

72 02 

72 03 

72 04 

72 05 

72 06 

72 07 

72 10 

72 11 

UNIVAC 1108 SYSTEM DESCRIPTION 

Mnemonic Instruction 

MASL Masked Alphanumeric 
Search Less Than or 
Equal 

MASG Masked Alphanumeric 
Search Greater 

DA Double Precision Fixed 
Point Add 

DAN Double Precision Fixed 
Point Add Negative 

OS o oub Ie Store A 

DL Double Load A 

DLN Double Load Negative A 

DLM o oub Ie Load Magn itude A 

DJZ Double Precision Zero 
Jump 

DTE Double Precision Test 

- Illegal Code 

SLJ Store Location and Jump 

JPS Jump Positive and Shift 

JNS Jump Negative and Shift 

AH Add Halves 

ANH Add Negative Halves 

AT Add Thirds 

ANT Add Negative Thirds 

EX Execute 

ER Executive Return 

Appendix C 4 
SECTION: PA G E: 

Execution 

Descri pti on® Time<D 

in f1 sec. 

Skip NI if (U) r.uI!1 (R2)~ 2.25 + .75K 
(A) rJID.l (R2), else repeat always 

Skip N I if (U) mID (R2) > 2.25 + .75 K 
(A) rJID.l (R2), else repeat always 

(A ,A+1) + (U ,U+1) -') A ,A+1 1.625 

(A ,A+1) - (U ,U+1) -') A ,A+1 1.625 

(A ,A+1) -') U ,U+1 1.50 

(U ,U+1) -') A ,A+1 1.50 

-(U,U+1) -') A,A+1 1.50 

I (U , U+ 1 ) I -') A,A+ 1 1.50 

Jump to U if (A,A+1)= to; go 1.625/ .875 
to NI if (A,A+1)=¥=± 0 always 

Skip N I if (U ,Ut-1) = (A ,A+1) 2.375/1.625 

Causes i Ilega I instruction inter- -
rupt to address 2418 

(P) - Base Address Mod ifier 2.125 
[BI or BD] -') U ; jump 
to U+1 17-0 

always 

Jump to U of (A) = 0; go to NI 1.50 / .75 
if (A) 15= 1; alwaVls shift (A) always 
left cTrcularly one bit position 

JumptoUif(A) =1,gotoNI 1.50/.75 
if (A) 5= 0; alwaVs shift (A) left always 
circufarly one bit position 

(A)S5_1 8 + (U)S!5_1 8-') AS5 _18 .75 

(A),7_0+ (U)17_0-') (A),7_0; 

(A)S!5_18 - (U)S!5-18 -') AS!5_1 8 
(A),7_0 -(U)17_0-')A,7 -0 ; 

.75 

(A)S!5 24 + (U)S!5-24 -')AS!5-24; .75 
(A) 2 S :, 2 + (U) 2 S -1 2 -') A2 S -I 2 ; 
(A),,_o + (U),'_O -') A,1 _0 

(A)S!5_24 - (U)S5_24 -') ~!5-24 ; .75 
(A)2S_12 - (U)2S_'2 -') A2S -12 ; 
(A),,_o - (U)',_0 -') A ,I _

O 

Execute the instruction at U .75 always 

Causes executive return interrupt 1.375 
to address 2428 always 
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Instruction Execution 

Code (Octal) Mnemonic Instruction Description<V TimeCD 

f i 
in 11- sec. 

72 12 - Illegal Code Causes i Ilega I instruction inter- -
rupt to address 2418 

72 13 PAIJ Prevent A II I/O Interrupts Prevent a II I/O interrupts and .75 always 

and Jump jump to U 

72 14 SCN Store Channel Number If a = 0: CHANNEL NUMBER .75 
~U ; 
If a

3,,;;°1: CHAN N E L NUMBER 
~U and CPU NUMBER ~ 
U 

3-0 

5 -4 

72 15 LPS Load Processor State (U) ~ PSR .75 

Register 

72 16 LSL Load Storage Lim its (U) ~ SLR .75 

Register 

72 17 - Illegal Code Causes i Ilega I instruction -
interrupt to address 2418 

73 00 SSC Single Shift Circular Shift (A) right circularly U .75 always 
places 

73 01 DSC Double Shift Circular Shift (A ,A+1) right circularly .875 always 
U places 

73 02 SSL Single Shift Logical Shift (A) right U places; .75 always 
zerofi II 

73 03 DSL Double Shift Logical Sh ift (A ,A+1) right U places; .875 always 
zerofill 

73 04 SSA Sing Ie Shift Algebra ic Shift (A) right U places; .75 always 
signfi II 

73 05 DSA Double Shift Algebraic Shift (A ,A+1) right U places; .875 always 
s ignfill 

73 06 LSC Load Shift and Count (U) ~ A; shift (A) left circularly 1.125 
until (A) =l={A) ; NUMBER 
OF SHlfiVs ~ A ~41 

73 07 DLSC Double Load Shift and (U ,U+1) ~A ,A+1; shift (A ,A+1) 2.125 
Count left circu larly unti I (A ,A+1)71 =F 

(A,A+1) ; NUMBER OF 
SH I FTS 7} A+2 

73 10 LSSC Left Single Shift Circular Shift (A) left circularly U places .75 always 

73 11 LDSC Left Double Shift Circular Shift (A,A+1) left circularly .875 a Iways 
U places 

73 12 LSSL Left Single Shift Logical Shift (A) left U places; zerofill .75 always 

73 13 LDSL Left Double Shift Logical Shift (A ,A+1) left U places; .875 always 
zerofi II _. 
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Instruction 

Code (Octal) 

f i 
73 14 

73 15 

73 16 

73 17 

74 00 

74 01 

74 02 

74 03 

74 04 

74 05 

74 06 

74 07 

74 10 

74 11 

74 12 

UNIVAC 1108 SYSTEM DESCRIPTION 

Mnemonic Instruction 

III Initiate Interprocessor 
(a=00r1) Interrupt 

ALRM Alarm 
(a=10S) 

Enable Day Clock EOC 
(a=11 S) 

Disable Day Clock DOC 
(a=12S) 

SIL Se lect Interrupt Location 

LCR(a=O) Load Channel Select 
Register 

LLA(a=1 ) Load Last Address 
Register 

TS Test and Set 

JZ Jump Zero 

JNZ Jump Nonzero 

JP Jump Positive 

IN Jump Negative 

JK Jump Keys 
J Jump 

HKJ Halt Keys and Jump 
HJ Halt and Jump 

NOP No Operation 

AAIJ A Ilow A II I/O Interrupts 
and Jump 

JNB Jump No Low Bit 

JB Jump Low Bit 

JMGI Jump Modifier Greater 
and Increment 

Appendix C 6 
SECTION: P AG E: 

Execution 

Description<V Time<D 

in /1 sec. 

Initiate Interprocessor Interrupt .75 always 

Turn on.a larm .75 always 

Enab Ie day clock .75 always 

Disable day clock .75 always 

(A) -+ MSR 2-0 .75 always 

(U )3-0 -+ CSR .S75 

(ULo -+ LAR .S75 

If (U)30 = 1, interrupt to Alternate bank: 
address 244 S; 1.625 interrupt 
if (U)= 0, go to NI; always .S7S NI 
01S -+36

35
_30 ; (U)2~_0 Same bank: 

unchanged 2.0 i nterru pt 
2.0 NI 

Jump to U if (A) = to; go to 1.50:1 .75 
NI if(A)*±O always 

Jump to U if (A)* ± 0; go to 1.50·/ .75 
NI if(A)=±O always 

Jump to U if (A) = 0; go to 1.50/ .75 
NI if (A) = 1 35 always 35 

Ju~p to U if (A~15 = 1; go to 1.50:1 .75 
Nllf(A)31S=0 always 

Jump to U if a = 0 or -if a = lit .75 always 
SE LECT JUMPS ind icator; go 
to N I if" neither is true 

Stop if a = 0 or if [a rJIDJ I it .75 always 
SELECT STOPS indicators] 
* 0; on restart or continuation, 
jump to U 

Proceed to next instruction .75 always 

A lIow a II I/O interrupts and .75 always 
jump to U 

Jump to U if (A) = 0; go to NI 1.50/ .75 
if (A) = 1 0 always 0 

J um p to U if (A) = 1; go to N I 1.50:1 .75 
if (A) = 0 0 always 

0 

Jump to U if (Xa)'17-0> 0; go 1.625/ .75 
to NI if (Xa) 17-0:;' 0; always always 

(Xa) 17-0t (X al35-18~) Xa 17-0 
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Instruction Execution 

Code (OctClI) Mnemonic In struction Description ® Time CD 

f i in 11 sec. 

74 13 LMJ Load Mod ifier and Jump (P) - Base Address Modifier .875 always 

[BI or BDJ->Xa17 _o ; jump to U 

74 14 JO Jump Overflow Jump to U if 01 of PSR= 1; go 1.50'; .75 
toNlifol=O always 

74 15 JNO Jump No Overflow Jump to U if 01 of PSR= 0; 1.50'; .75 
go to N I if 01 = 1 always 

74 16 JC Jump Carry Jump to U if DO of PSR = 1 ; 1.50/ .75 
go to N I if DO = 0 always 

74 17 JNC Jump No Carry Jump to U if DO of PSR = 0; 1.50'; .75 
go to N I if DO = 1 always 

75 OC! LlC Load Input Channe I For channel [a [illJ CSR]: .75 
(U) ~ lAC R; set input active; 
c lea r in put m on itor 

75 01 LlCM Load Input Channel and For channel [a [ill) CSR]: .75 
Monitor (U) ~ lAC R; set input active; 

set input monitor 

75 02 JIG Jump Input Channel Busy Jump to U if input active is .75 always 
set for channe I [a r!I3 CSR1; 
go to N I if· input active is 
clear 

75 03 ole Disconnect Input C hanne I For channel (a l!l3 CSR]: .75 always 
clear input active; clear input 
monitor 

75 04 LOC Load Output Channel For channel [a (ffil CSR1: .75 
(U) ~ OAC R; set output active 
clear output monitor; clear 
external function (lSI only) 

75 05 LOCM Load Output Channel For channe I [a r!I3 CSR] : .75 
and Monitor (U) ~ OACR; set output active; 

set output monitor; clear 
externa I function (lSI on Iy) 

75 06 JOC Jump Output Channel Jump to U if output active is .75 always 

Busy set for channe I [a [illJ CSR]; 
go to N I if output active is 
clear 

75 07 DOC Disconnect Output Channe I For channel [a l!l3 CSR]: .75 always 
c lear output active; c lear output 
monitor; clear externa I function 

75 10 LF'C Load Function in Channel For channel [a .[!m CSR]: .75 
(U) ~ OACR;set output active 
(lSI only), external function, and 
force externa I function; clear 
output monitor (lSI only) 

75 11 LF'CM Load Function in Channel For channel [a [ill) CSR]: .75 
and Monitor (U) ~ OACR; set output active 

(lSI only), external function, 
force external function, and 

1.-
output monitor (lSI only) 
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Instruction 

Code (Octal) 

f i 
75 12 

75 13 

75 14 

75 15 

75 16 

75 17 

76 00 

76 01 

76 02 

76 03 

76 04 

76 05 

76 06 

76 07 

76 10 

76 11 

76 12 

76 13 

UNIVAC 1108 SYSTEM DESCRIPTION 

Mnemonic Instruction 

JFC Jump Function in 
Channe I 

- Illegal Code 

AACI Allow All Channel 
Externa I Interrupts 

PACI Prevent A II C hanne I 
Externa I Interrupts 

- Illegal Code 

- IIlega I Code 

FA Floating Add 

FAN Floating Add Negative 

FM Floating Multiply 

FD Floating Divide 

LUF Load and Unpack 
Floating 

LCF Load and Convert to 
Floating 

MCDU Magnitude of Character-

lstic Difference to 
Upper 

CDU Characteristic Difference 
to Upper 

DFA Double Precision Floating 
Add 

DFAN Double Precision Floating 
Add Negative 

DFM Double Precision Floating 
Multiply 

DFD Double Precision Floating 
Divide 

Appendix C 8 
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Execution 

DescriptionQ) Time CD 

in f.1 sec. 

Jump to U if force external .75 always 
function is set for channel 
[a M3 CSR];gotoNI if force 
externa I function is clear 

If guard mode is set, causes .75 always 
guard mode interrupt to address 
2438 , If guard mode is not set, 
same as NOP. 

Allow all external interrupts .75 always 

Prevent all external interrupts .75 always 

If guard mode is set causes guard .75 always 
mode interrupt to address 2438 , 
If guard mode is not set, same as 
NOP 

(A) + (U) -. A; RESIDUE-. 1.875 
A+l 

(A) - (U) -. A; RESIDUE 4- 1.875 
A+l 

(A) . (U) -. A ,A + 1 2.625 

(A) +(U) -. A; REMAINDER-. 8.25 @ 

A+l 

I(U)\S4'27 -. A,.o' zerofill; .75 always 
( U ) -. A" + 1 , s i g n fill 

26-0 26-0 

(U)35 --) A+ 135 ; [NORMAL- 1.125 
IZED (U)]26_0 --) A+ 126 _0; if 

(U)35=O, (A)7_0± NORMAL-
IZING COUNT .~ A+ 134 _27 ; 

if (U)35=1, ones complement 

of [(A)7_0± NORMALIZING 
COUNT] -) All 34- 27 

\1(A)35_271-I(U)135_271-) .75 
A + 1 ; Z EROS -) A f- 1 8-0 35-9 

i(A)1 35 _27 -\(U)i35 _27 --> .75 
A+ 18_0 ; SIGN BITS --> A-l1 35 _9 

(A ,A+-l) + (U ,U+l) -. A ,A+l 2.625 

(A ,A+l) - (U ,U+l) -. A ,A+l 2.625 

(A ,A+l) . (U ,U+l) -. A ,A+l 4.25 

(A ,A+l) + (U ,U+l) -. A ,A+l 17.25G) 
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Instru4:tion Execution 

Code (Octal) Mnemonic Ins t ru c t ion Description ® TimeCD _. 
f 

~. 

i 

76 14 DFU Double Load and Un- \(U)\ -+ A,o 0' zerofill; 34 0 24 -
pack Floating (U) . -+ A+1 , signfill; 

23-0 23-0 
(U+1) -+ A+2 

76 15 DFP Double Load and Convert (U) -+ A+l ; rNORMALIZED 35 35' 
To Floating (U ,U+l)] -+ A+1 and A+2. 59-0 23-0 

If (U)35 = 0, (A), 0-0 ±NORMAL-

IZING COUNT -+ A+1 34 _
2SI 

. If 

(U)35 = 1, ones complement of 

[(A)t 0-0 ± NORMALIZING 

COUNT] -+ A+1 34 _24 

76 16 FEL Floating Expand and If (U)35 = 0, (U)35_27 + 16008-+ 
Load A 35 _24 ; if (U)35 = 1, (U)35_27 

- 16008 -+ A 35 _24 ; (U)26_3 -+ 
A 23 _0 ; (U)2~0 -+ A+135 _33 ; 

(U)35 -+ A+132_0 

76 17 FCL Floating Compress and If (U)35 = 0, (U)35_24 - 16008 
Load -+ A 35 _27 ; if (U)35 = 1, (U)35_24 

+ 16008 -+ A 35 _27 ; (U)23_0 -+ 
A

26
_
3 ; (U+1)35_33 -+ A 2_0 

77 0-17 - IIlega I Code Causes i lIega I instruction 
interrupt to address 2418 

NOTES: 

CD The execution times given are for alternate bank memory access; for same bank memory access, 
execution time is .75 microseconds greater. Exceptions to this either show the execution times 
for both types of memory access or include the word "always" to indicate that the execution 
time is the same regard less of the type of memory access. 

For function codes 01 through 06 and 22, add .375 microseconds to the execution times for 6-bit 
and 12-bit writes. 

in f1 

1.50 

2.125 

1.00 

1.625 

-

The execution time for B lock Transfer and search instructions depend on the number of repetitions 
(K) required, that is, the number of words in the block being transferred or the number of words 
searched bef'ore a find is made. 

For function codes 10 through 21,23 through 32,34 through 36, and 40 through 61: 
if j = 16 or 17, the address of U, instead of the contents of U, is used. No operand search is made 
to main storage. The execution time without overlap is the same as with overlap. 

~ NI stands for next instruction. 

® The a and jfields together serve to specify any of the 128 control registers. 

® If 28 rather than 27 subtractions are performed, add .25 microseconds to the execution time. 

® If 61 rather than 60 subtractions are performed, add .25 microseconds to the execution time. 

sec. 
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APPENDIX D. MATH-PACK 
ROUTINES 

The following is a complete listing of MATH-PACK routines: 

1. I~~TERPOLATION 

GNINT - Gregory-Newton Interpolation 

GNEXT·- Gregory-Newton Extrapolation 

GNPOL -- Gregory~Newton Polynomial Evaluation 

BESINT - Bessel Interpolation 

STINT - Stirling Interpolation 

CDINT - Gauss Central-Difference Interpolation 

AITINT -- Aitken Interpolation 

YLGINT - Lagrange Interpolation 

SPLN1, SPLN2 - Spline Interpolation 

2. NUMERICAL INTEGRATION 

TRAPNI - Trapezoidal Rule 

SIM1NI - Simpson 1/3 Rule 

SIM 3N I - Simp son 3/8 Rul e 

STEPNI .- Variable Step Integration 

GENNI - Generalized Numerical Quadrature 

DOUBNI - Double Integration 

LGAUSS - Gauss Quadrature Abscissas and Weights 

SIMPTS -- Simpson 1/3 Rule Abscissas and Weights 

3. SOLUTION OF EQUATIONS 

NEWTIT - Newton-Raphson Iteration 

WEGIT - Wegstein Iteration 

AI TIT - Ai tk en Iteration 

F~OOTCP - Real and Complex Roots of Real or Complex Polynomi 01 
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4. DIFFERENTIATION 

DERIVl - First Derivative Approximation 

DERIV2 - Second Derivative Approximation 

NTHDER - Nth Derivative of a Polynomial 

5. POLYNOMIAL MANIPULATION 

GIVZRS - Polynomial Coefficients Given Its Zeros 

CVALUE - Complex Polynomial Evaluation 

POL Y X - Re a J Pol y nom i a I M u I tip I i cat ion 

CPOLYX - Complex Polynomial Multiplication 

6. MATRIX MANIPULATION: REAL MATRICES 

MXADD - M.atrix Addition 

MXSUB - Matrix Subtraction 

MXTRN - Matrix Transposition 

MXSCA - MatrixMultiplication by Scalar 

MXMLT - Matrix Multiplication 

Appendix D 

SECTION: 

MXMDIG - Matrix Multiplication by Diagonal Matrix Stored as a Vector 

GJR - Determinant; Inverse; Solution of Simultaneous Equations 

MXHOI - Inverse Accuracy Improvement 

7. MATRIX MANIPULATION: COMPL EX MATRICES 

CM XADD - M atri x Addi tion 

CMXSUB - Matrix Subtraction 

CMXTRN - Matrix Transposition 

CM X S C A - Mat r i x M u I tip I i c at ion by Sc a Jar 

CMXML T - Matrix Multiplication 

CGJR - Determinant; Inverse; Solution of Simultaneous Equations 

8. MATRIX MANIPULATION EIGENVALUES AND EIGENVECTORS 

TRIDMX - Tridiagonalization of Real Symmetric Matrix 

EIGVAL - Eigenvalues of Tridiagonal Matrix by Sturm Sequences 

EIGVEC - Eigenvectors of Tridiagonal Matrix by Wilkinson's Method 

2 
P AG E: 
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9. MATRIX MANIPULATION: MISCELLANEOUS 

DGJR - Double··Precision Determinant; Inverse; 
So I uti 0 n 0 f S i m u I t an eo usE qua t ion s 

PMXTRI - Polynomial Matrix Triangularization 

SCALE - Polynomial Matrix Scaling 

MXROT -. Matrix Rotation 

10. ORDINARY DIFFERENTIAL EQUATIONS 

EULDE _. Euler's Method 

H AM D E _. H am min g' 5 M et hod 

IINVAL - Initial Values for Differential Equation Solution 

~~ K D E - Run g e- K u tt a Me th 0 d 

SODE - Second-Order Equations 

MRKDE - Reduction of Mth-Order System to System of 
m First-Order Equations 

11. SYSTEMSOF EQUATIONS 

JACMX - Jacobi Iteration to Determine Eigenvalues and 
Eigenvectors of Symmetric Matrix 

HJACMX- Jacobi Iteration to Determine Eigenvalues and 
E i g en vee tor s 0 f H e rm j t ian Mat r i x 

LSIMEQ -. Solution to a Set of Linear Simultaneous Equations 

NSIMEQ _. Functional Iteration to Determine Solution to Set 
of Non-Linear Equations 

12. CURVE FITTING 

CFSRIE - Coefficients of Fourier Series on a Continuous Range 

FTRANS -- Fourier Transform 

DFSRIE - Coefficients of Fourier Series on Discrete Range 

FITD - Fitted Value and Derivative Values for a Least-Squares 
Polynomial 

ORTHLS -- Orthogonal Polynomial Least-Squares Curve-Fitting 

FITY - Fitted Values for a Least-Squares Polynomial 

COEFS - Coefficients of a Least-Squares Polynomial 



UP-4046 
Rev. 3 UNIVAC 1108 SYSTEM DESCRIPTION 

13. PSUEDO-RANDOM NUMBER GENERATORS 

NRAND - Interval (0,227) Generator 

RANDU - Uniform Di stribution 

RAN DN - Normal Di stribution 

RANDEX - Exponential Distribution 

14. SPECIFIC FUNCTIONS 

BSSL - Zero- and First-Order Bessel Functions 

BESJ - Regular Bessel Functions of Real Argument 

BESY - Irregular Bessel Functions of Real Argument 

BESI - Regular Bessel Functions of Imaginary Argument 

BESK - Irregular Bessel Functions of Imaginary Argument 

GAMMA - Gamma'Function Evaluation 

L EGEN - Legendre Polynomial Evaluation 

ARCTNQ - Arctangent of a Quotient 

Appendix D 4 
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APPENDIX E. STAT-PACK 
ROUTINES 

The following is a complete listing of STAT-PACK routines: 

1. DESCRIPTIVE STATISTICS 

FREQP - Frequency Polygon 

HIST - Hi stogram 

MHI ST - Multivariate Hi stogram 

GROUP - Groupi ng 0 f Data 

2. ELEMENTARY POPULATION STATISTICS 

AMEAN - Arithmetic Mean 

GM EAN - G eom etri c Mean 

HMEAN - Harmonic Mean 

MEDIAN - Median 

MODE -- Mode 

QUAN T - Qu anti I es 

OGIVE - Distribution Curve 

IQRNG - Interpercentile Range 

RANGE - Range 

MNDEV - Mean Deviation 

STDEV - Standard Deviation 

CVAR .- Coefficient of Variation 

ORDER - Order and Rank Statistics 

CMONT - Central Moments 

AMONT - Absolute Moments 

CUML T - Cumulants 

SHPCOR - Sheppard's Corrections 

KURSK - Skewness and Kurtosi s 
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3. DISTRIBUTION, FITTING, AND PLOTTING 

BINOM - Binomial Distribution 

POI SO N - Poi s 50 n D i 5 t rib u ti 0 n 

HYP ER - Hypergeometric Di stribution 

PNORM - Normal Di stribution 

AFSER - Arne Fisher Series 

4. CH I· SQU ARE T EST S 

CHI21S - CHI-Square Tes't of Sample Proportion. 
One Sample 

CHI2JS - CHI-Square Test of Sample Proportion. 
J Sampl es 

CHI2P - CHI·Square Test of Fit to Poi sson 
Di str,ibution 

CHI2N - CHI-Square Test of Normality 

CHISAM - CHI-Square Test of Homogeniety 

CHI C N T - CHI· Sq u are T est fo r I n d ep end en c e 

GENGOF - CHI-Square Test of General Goodness of Fit 

5. SIGNIFICANCE TESTS 

SIGPRP - Test of Significance of Proportion of 
Successes 

SIGMN - Test of Significance of a Mean 

SIGDMN - Test of Significance of the Difference 
Between Two Mean 5 

SIGDVR - Test of Significance of the Ratio 
Between Two Variances 

6. CONFIDE,NCE INTERVALS 

CFDMKV- Confidence Interval for the Mean; 
Known Varian ce 

CFDMUV - Confidence Interval for the Mean; 
U n k now n Va r i an c e 

CFDMSU - Confidence Interval for the Difference 
Between Two Means 

CFDVAR - Confidence Interval for Variance 

TOllNT - Tolerance Intervals 

Appendix E 2 
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7. ANALYSISOF VARIANCE 

ANOVl -. One-Way Cross Classification 

ANO V2 _. Two- Way Cro s s CI as sifi cation 

ANOV3 _. Three·Way Cross Classification 

MISDAT- Missing Data 

V T RAN S - V a ria b leT ran 5 fo rm at ion s 

ANOVRB - Randomized Blocks 

ANOVLS - Latin Squares 

ANOVSP - Split Plot Design 

ANOSSP - Split-Split Plot Design 

ANOVN2 - Two-Way Nested Design 

ANOVN3 - Three-Way Nested Design 

ANOCO -- Analysi s of Covariance 

GLH - General Linear Hypotheses 

8. REGRESSION ANALYSIS 

RESTEM - Stepwise Multiple Regression 

~~EBSOM - Back Solution Multiple Regression 

CO RAN _. Correl ation An aly si s 

9. TIM E SERI ES ANALYSI S 

MOVAVG - Moving Averages 

SEASHI - Shiskin's Seasonality Factors 

WEMAV - Weighted Moving Averages 

TRELS - Trend Analysis by Least Squares 

VADIME -- Variate Difference Method 

TSFARG- Autoregressive Model 

GEXSMO .- Generali zed Exponential Smoothing 

AUXCOR - Auto-Correlation and Cross-Correlation Analysis 

POWDEN - Power Density Functions 

RCPROB - Residual Probabilities 
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10. MUL TI-VARIATE ANALYSIS 

GENVAR - Generalized Variance 

DISH 0 T - Hot ell in g' s Dis t rib uti 0 n 

DSQ - Mahalanobois' Distribution 

SIGTMN - Signifi cance of a Set of Means 

DISCRA - Discriminant Analysis 

FACT AN - Factor and Principa! Component Analysi s 

1 L DI STRI BUTION FUN CTIONS 

RNORM - Normal Distribution 

CHI - CHI-Square Di stribution 

STUD - Student's Di stribution 

FISH - F ish e r' s Dis t rib uti 0 n 

POI S - Poi sson Distribution 

BIN - Binominal Distribution 

HYGEO - Hypergeometric Distribution 

GAMIN - Incomplete Gamma Distribution 

BET INC - I n co m pie t e BET A Dis t rib uti 0 n 

12. INVERSE DISTRIBUTION FUNCTIONS 

TIN 0 RM - I n v e r 5 e Norm a I Dis t rib uti 0 n 

STUDIN - Inverse Student's Distribution 

FI SHIN - Inverse Fi sher' s Di stribution 

CHIN - Inverse CHI-Square Distribution 

13. MISCELLANEOUS 

PLOT1 - Plot of One Line 

JIM - Matrix Inversion 

MXTML T - Left Multiplication of a Matrix 
by its T ran spo se 
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