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Data
Read Firstt SECTIONS (Data)

OBJECT-PROGRAM CHARACTERISTICS

The object program is the "'raigson d'etre' of GECOM. The need for its creation is what leads
the programmer to use GECOM in the first place. It is important, therefore, to understand the
principal characteristics of an object program in order that the programmer can build into it
certain properties that are not automatically attended to by the compiler, and at the same time
avoid duplication or counter action in those areas where the compiler has been designed to take
away automatically much of the detail burden ordinarily placed on the programmer.

We can best approach this matter from the standpoint of how data is handled by the object pro-
gram, We will relate this to the programmer's job, so that he can see what he must do, and
should not do. Af the same time, we can clear up an important distinction, the difference
between external data and internal data in GECOM object programs.

In the part of this manual called "Sections (data), " we discuss the various blocks of memory
allocated for different purposes, In quick review, the programmer describes input/output data
under the headings of FILE SECTION, OUTPUT FILES, and INPUT FILES. Here he shows .
data as it appears on an input or output medium, whichis a duplicate facsimile of the data ag it
appears in the input and oufput buffers, called Read Area, and Write Area., This is external
data,

Next, the programmer describes internal data in the intermediate or working areas of memory,
using the headings WORKING-STORAGE SECTION, CONSTANT SECTION, COMMON-STORAGE
SECTION, and *COMMON-STORAGE SECTION. We have recommended that Common Storage
be used in place of a combination of Working Storage, Constants, and Common Storage, as a
simplification, Our discussion follows this recommendation, but is, however, completely valid
if all these sections are used instead of just the one,

We have also mentioned the presence of a compiler-controlled area of memory called Process
Storage, that is not under the control of the programmer,

Now, we come to an explanation of the relationships between these various memory areas in
order to show why the programmer does not necessarily describe all his internal data in the
Commaon Storage Section, but always describes all his input and output data in complete detail,
Censider the following diagram ., Arrows show possible avenues of data flow,
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Memory is shown as having two "gray areas, ' the Read Area (input buffers), and the Write Area
(output buffers,) Although certainly a part of memory, these areas are external, from the
standpoint of data, Each contains a duplicate facsimile of the data appearing on an external
medium, say a punched card. Effectively, data does not "enter memory' until it passes the
border between the input area and intermediate’memory. It does not "leave memory' until it
passes the border between the inpul area and intermediate memory. It does not "leave memory"
without passing the border between intermediate memory and the output area.

A GECOM object program processes all data from intermediate memory, never from the input/
output areas. Hence, we conclude that all input data needed for arithmetic or logical compari-
sons or other processing must be transferred to intermediate memory, Ordinarily, the trans-
ferred data will require a change in format or mode to prepare it for processing. This is done
on the way, by the object program,

If there is a risk that data will be overlayed and destroyed in the input area by execution of a
following READ instruction, the programmer may decide to move it into intermediate memory
to save it, even though the data may not be processed further except to be again transferred at
the appropriate time to the Write Area for output.

The point is that no data needs to be transferred into intermediate memory, unless the transfer
serves some useful purpose. It is not considered sufficient purpose to move data into inter-
mediate memory when the data will be used only as output and does not risk being destroyed.
This would introduce an extraneous transfer because data can be moved directly from the input
area to the output area, as shown. Such data is referred to as throughput data,
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The GECOM Compiler is designed to analyze a programmer's procedure statements and draw
cortain conelusions about transferring input data to intermediate memory. In many cases, the
compiler can deduce that transfers are uselul and necessary. If it can deduce this, the compiler
automatically provides object program coding to transfer given data to Process Storage. Here
are the four categories of data for which the compiler knows positively that a transier must be
made;

1. Any input data whose data name is referenced, that is, appears in any ADD, SUB-
TRACT, MULTIPLY, DIVIDE, EQUAL, IF, VARY, GO TO DEPENDING, or ENTER
GADP sentence,

2 Any input array whose data name appears in any MOVE or EXCHANGE sentence;
3. Any input data that is a repeated group, (Sce Reference Manual.)
4, Any input data from punched cards using comma-separated input format.

Data in these catecories is always unpacked, as the transfer process is called,

For input data in any other category, the compiler cannot be certain that a transfer is necessary.
Thus, it takes no action. Other data must be moved by the programmer to Common Storage, by
using a MOVE or EXCHANGE sentence in his procedure statements. Ile provides memory

space in the Common Storage by listing data names in the Common Storage Section of the Data
Division on hig coding sheets, and moves the input data to the new data name. If the program-
mer specifically wants an input quantity in Common Storage even though it is automatically
agsigned to Process Storage, he can move it in the same manner,

Thus, we have automatic input data transfers to Process Storage, made by the compiler without
directive from the programmer, and programmed transfers to Common Storage, made by the
compiler based on the programmer's procedure entries. All other input data has no memory
assignment in intermediate memory, and is termed throughput. (The question of conversions
of input formats and modes during these transfers is covered in the secticn called Modes, )
Automatic transfers to Process Storage are made during input time, as a part of the function of
the READ sentence,

In caleulations, new data names may arise as arithmetic expressions are evaluated, as in
TEMP = A*3: also, there may be a number of variables that appear in a program only as sub-
scripts or counters, Such quantities are called intermediate fields, if they are not input
quantities, They always must be assigned memory space in intermediate memory in one of the
following manners,

Memory assienments of intermediate floating-point quantities, such as TEMP above and inter-
mediate integers, such as subscripts, are made automatically by the compiler in Process
Storage in the most usual case, such as when the computation-mode ig {loating-point. In such
a case, all intermediate data names are assumed to be in floating-point mode unless otherwise
specified, Thus, intermediate fields such as TEMP are automatically assigned to Process
Storage when the compiler finds their data names written in procedure sentences. No entries
are needed in the Data Division, Integers, if listed in the Integer Section, are also auto-
matically assigned to Process Storage with no additional entries needed in the Data Division.
(This is explained in further detail in the section, Modes.)
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On the other hand, if the programmer specifically wants his intermediate quantities in Common
Storage, in order to be available for use by other programs, or if the computation-mode is
fixed-point, the programmer must request memory assignments for all intermediate guantities
required in Common Storage, by listing the data names he wants under the heading COMMON-
STORAGE SECTION, Rither automatic or requested memory assignments must be made so as
to include all intermediate fields.

The most important concept to grasp with respect to output data is that output is merely select-
ed intermediate and input data., Since output cannot conlain any data that is neither input nor an
intermediate result, there never can be any new data name in the description of output.

The GECOM compiler, in preparing the coding which will gather data for output according to the
names given in the output description, makes a careful analysis of the output format or mode
requested for each field, It then decides on the best source for the output data, which is to say,
it decides whether it is most efficient to gather certain data from intermediate memory, or
from the Read Area, if the data exists in both places. The programmer must take caution on
this point. The compiler assumes that no additional reading has been performed which would
destroy the desired data in the Read Area. If more reading is to be done, the programmer
should first move out of the Read Area the data he wishes to save. There ig less problem when
comma-separated field input cards are used since all data is sent to Process Storage, as shown
in category 4 above,

There is an interesting distinction to be made concerning input data assigned to Process
Storage, Some of this data may be changed in value during the execution of a program, Other
data may not be changed. For example, take two fields called X and Y that enter as input, and
are automatically transferred to Process Storage, according to the rules given previously. Say
that the value of X is subsequently changed by any of these GECOM sentences, for example:

X = A+B-C,
MOVE Z TO X,
EXCHANGE X AND P,

X is then called a receiving field. Tt receives new data. On the other hand, say that X and ¥
also enter into calculations, but the value of Y is never changed by these operations. For
example:

e =X/Y,
MOVE Y TO J.

Y then is called a nonreceiving field, It never receives new data,

In both X and Y are requested for output, the compiler will always take X from Process Storage,
since, as a receiving field, it has a new value, There is no problem here. However, after
analysis of the desired output format or mode given for Y, the compiler may decide to take Y
from the Read Area, knowing that Y is a nonreceiving field and thus has experienced no change
in value. Here again the programmer must caution himself, If more reading has been done,
the correct value of Y in the Read Area is destroyed, and erroneous data is sent to output, even
though the correct value of ¥ may still rest' in Process Storage. The programmer should save
nonreceiving fields by moving them from Process Storage to Common Storage if he feels this
condition will oceur,
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At this point, the programmer may wonder how he accomplishes a move from Process Storage
to Common Storage, and how this differs from a move from the Read Area to Process Storage,
or from the Read Area to Common Storage. Finally, he may wonder about moves into the Qut-
put Area, We can summarize our discussions by reviewing these points.

Still remembering that we have simplified our diagram by assuming that Working Storage,
Constant Section, Commen Storage, and *Common Storage are all rolled into one storage area
(returning storage), and remembering that Process Storage is not under programmer control,
we note that no new names can appear under Output Files, So all data names are found under
Input Files or Common Storage, or are intermediate fields automatically assigned in Process
Storage as explained,

If we say R is a data name in input, W is a data name in Common Storage and Z an intermediate
data name in Process Storage, we can make the following observations about transfers:

0 The transfer of R from the Read Area to Process Storage, if performed, is auto-
matic, as already stated. The programmer has no direct control over this,

o The sentence, MOVE R TO W. moves the input R to Common-Storage W regardless
ol whether or not R has been previously transferred to Process Storage. The
compiler will decide from which place to make the move to W for best efficiency and
effectiveness. The warnings given previously about destroying throughput fields and
nonreceiving fields apply here if R is either of these types. On the other hand, if R
is receiving field, it will always be moved from Process Storage hy the sentence
above,

° The sentence, MOVE Z TO W. moves the intermediate quantity Z from Process
Storage to Common Storage, (This will seldom be necessary except to change modes. )

° Moves to output are not directly controlled by the programmer, He only writes the
sentence, WRITE so-and-so RECORD, and the compiler generates all coding
necessary to gather, convert, edit, and record on the output medium all the data
items listed in the data desceription for so-and-so Record, Specifically, the program-
mer never writes MOVE sentences Lo handle transfers to output, He indicates the
sources of his output by the data names he lists in his output deseription.

L] The format or mode of an output quantity is the same as its format or mode at its
source unless the programmer gpecifies otherwise by a data image in his output
description.

° There is a special kind of move to output wherein all throughput data in an input

record is transferred from the Read Area to the Write Area, The programmer
accomplishes this by writing the name of the input record in his output description,
giving the name of the input file as a qualifier, Together, these are the names of the
output record. If any field in the input record has been a receiving field, the new
value is sent to output (from Process Storage, )
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l.  INTRODUCTION

The General Compiler (GECOM!} is an automatic coding system which translates

a program described In user oriented language (source program) into a machine
language program (object program). The compiler is used to obtain the object
program. The object program is used to obtain the results the user desires from
the computer., The user must provide whatever input data is necessary for the
object program to arrive at the desired output results. Thus, there are three
basic steps to be followed in proceeding from problem definition to end results:

1. Describe the program and data in source language;
2. Compile the object program from the source program;

3. Execute the object program upon the input data to obtain
the ouiput results.

The rules for writing GECOM source programs are stated in the GE-225 GECOM-II
REFERENCE MANUAL. It is the purpose of this GECOM-II OFERATIONS MANUAL
to provide the information necegsary for the operation of the compiler and the object

programs on the computer,
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Il. GE-225 GENERAL COMPILER COMPILATION PROCESS

This chapter provides a brief, general description of the process followed by the compiler in the
development of an object program.

The compiler is similar to a business data pgocessing application in the following respects:
1. It operates upon input: the source programj

2. It consists primarily of a series of sequential runs (overlays) on a master instruction
tape (the compiler system tape);

3. Compiler runs produce intermediate files of internal data;

4. It produces an output: the object program;

5. It produces a report: the Edited List.
Figure 1 shows the compilation process including the major input and output options. To perform
a compilation, the start card and SCC card are placed in the card reader. These cards control

locating GECOM, then reading of the first part of the compiler into the machine memory and initiate
execution.

Source Compiler

Program Systems
Tape with
Subroutines

CC Run GECOM

GE-225

INFORMATION
“l PROCESSING
/ SYSTEM

|
I
Edited
List

Figure 1. Compilation Process Chart
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As indicated previously, the compiler consists of a series of sequential runs (overlays) on a
system tape, Figure 2 shows the major overlays in the system. Note that a library of object
program subroutines is filed at the end of the compiler,
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There are four phases in the compiler:
1. Transformer
2. Reformer
3. Assembler
4. Editor

Each phase consists of one or more runs.

TRANSFORMER PHASE

The Transformer phase trangforms the source program into an internal language more suitable
for processing by the generators. The source program is broken down into short records con-
taining codes, indicators, and symbols {all called generator parameters) which describe for the
rest of the compiler what action is to be performed on what data. The parameters are dispersed
into files by category of function.

The ENVIRONMENT DIVISION run prints the Identification Division on the printer and copies the
Identification and Environment Divisions onto the listing tape. It checks the Environment Divi-
sion for validity and consistency, and prints messages whenever any errors or apparent errors
are detected. It sets indicators in memory specifying the object computer configuration and
other environment options, It starts building the procedure name table in memory by assigning
short symbols for section names encountered, It also prepares a table of input /output file para-
meters (codes, indicafors, symbols, ete.} for each data {ile showing hardware assignment, op-
tions such as rerun, etc, These tables are written out in a tape file (called IOFP).

The REPORT WRITER runs consist of a translator run followed by an analyzer run., The trans-
lator processes the Report Section and copies it onto the listing tape. It checks all entries for
validity and consistency, and prints messages whenever any errors ot apparent errors are
detected. It scans repert line layout information in conjunction with line definition information
to create generator parameters for output data descriptions (GPOD) and generator parameters
for literals and constants {GPPS), These are the same type ol internal parameters as those
created later by the Data Division run (see below) for files described in the File Section. In
addition to these functions, the translator recognizes Report Writer procedure parameters in
source form and creates packed report parameter lists (RPL} on tape for use in the Report Writer
Analyzer run. The analyzer run accepts the RPL parameters from tape, performs further anal-
ysis, error detection and consolidation of these parameters in order to generate Report Writer
procedures, Pseudo procedure statements containing preassigned symbolic data names are
written on tape in blocked form for efficient handling by the Procedure Division run. Process
storage requirements of the Report Writer generated procedure are communicated to the Data
Division by means of data report parameter lists (DRPL) written on tape during the analyzer
run,
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The DATA DIVISION run copies the Data Division onto the listing tape. As it does so, it checks
all entries for validity and consistency, and prints messages whenever any errors or apparent
errors are detected. It forms a data name table in memory including coded data descriptions for
each entry. Symbols are assigned for file names, record names, literals, and constants. The
file tables started in the Environrnent Division run are read in and information is added to the
tables from the file descriptions contained in the Data Division, (e.g., block size, control keys,
etc). The generator parameters for output data descriptions are written out in a tape file (called
GPOD). Generator parameters for literals and constants are written out in a tape file {called
GPES or Generator Parameters for Pseudo Instructions) for use by the Pseudo Instruction Gen-
erator (PIGN). The data name table and file tables are written on magnetic tape.

The PROCEDURE DIVISION run copies the Procedure Division onto the listing tape., As it does
g0, it chiecks all sentences for validity and consistency and prints messages whenever any errors
ar apparent errors are detected, Noise words are bypassed and dropped from farther processing.
Verhbs and other key words are converted into codes and indicators (parameters) designating the
functions and options specified by the sentences. This run creates generator parameters from
each sentence. These parameters are records containing verb {or generator) numbers, sentence
numbers, symbolic sentence names, and other codes and indicators designating the various func-
tions and optious specified by the sentences. Data names used as operands are also carried
amoryg the parameters. At this point, they have not been assigned symbolic names. The genera-
tor parameters derived are selected and written oui on one tape file,

|Pfu as GECOM-1I
BIIE T AL OTPFRATIONS MANUAL




November 1962
Page 11-4

The TABSOL run processes all decision tables, As it does so, it checks all table entries for
validity and consistency and prints messages whenever errors are detected. It creates genera-
for parameters from each secondary and primary block combination. The parameters are iden-
tical to those generated by the Procedure Division and are merged onto the same tape with the
FProcedure Division parameters.

PROCEDURE NAMI ANALYZER processes all section, segment, and Procedure statement
names from the Procedure Division, It builds these names into an internsl search table, replac-
ing each source name within the parameter lists with the appropriate 3-character symbolic name.
The MOVE, EXCHANGE, and WRITE on typewriter generator parameters are merged onto one
magnetic tape and the other generator parameters on a separate magnetic tape,

The INTERNAL LANGUAGE TRANSLATOR run integrates information from the Data Division
with information from the Procedure Division and franslates the resulting parameters into the
internal language format, Simultaneously, this run detects additional errors, and prints mess-
ages accordingly. It reads in the parameiers created by the Procedure Division run. It assigns
unique symbolic names to those data names referenced in the Procedure Division thereby com-
pleting the data name table, The source program data names among the parameters are replac-
ed with the assigned symbols, "IF' generator parameters are created for conditional names.
The expanded generator parameters for MOVE and EXCHANGE and ather type sentences are
written out in tape files {GPME and GPPOT), Additional information is inserted inio the input file
tables, and they are written out in a tape file (INFP). Input data "anpacking' parameters are
developed for input fields that are used in arithmetic or IF sentences. These parameters are
written out in a tape file (called GPPID),

The OUTPUT ANALYZER run reads in the parameters for output data descriptions to build cutput
data packing parameters. The parameters for output descriptions are then written out again,

The output aualyzer adds information to the output file tables and writes them out in a tape file
{called OTFE). The analyzer adds parameters to the generator parameters for pseudo instruc-
tions to designate storage reservations for working storage, process storage, buffer areas, etc.
These are placed in the GPPS file. Finally, the Output Analyzer run writes the data name table
on the listing tape,

The ARITHMETIC, SIMPLE-IF, and MOVE-EXCHANGE ANALYZERS perform a very detailed
analysis upon the parameters produced by the preceding runs. The parameters which are input
to the analyzers are general in nature and correspond roughly to the broad verb-like actions
gpecified in procedure sentences, GECCOM geunerators are not excessively general in nature.
{‘There iz not a one-dfor-one correspondence between verbs and generators). One sentence can
result in calls for many generators. GECOM generators are tailored to specific functions in
given sets of circumstances. Therefore, the Analyzers refine input parameters into more de-~
tailed parameters for specific generators, dependent upen funciions and options specified in sen-
tences, formal of daia, etc. Because of the detailed analysis performed, the Analyzers are able
to detect subtle errors which have not been caught in preceding runs. They print appropriate
error messages. Thus, they read in the parameters derived from sentences, analyze theni, and
formulate more detailed parameters, These are separated and writien out in three tape files,
One file (CPEX) contains the parameters for the Expression Generator (EXGN). A second file
containg the parameters for SIMPLE and IF Generators {SIGN). The third file {GPME) contains
the parameters for the Move and Exchange Generators (MEGN}, Parameters for constants used
in the Procedure Division are added to the GPPS file for use by the Pseudo Instruction Generator
(PIGN). 'The analyzers leave two lists of generator names in memory. One tells the Reformer
which SIMPLE and IF generators are required. The other tells the Reformer which MOVE and
EXCHANGE geasrators are reguired.

’?-DED@ZJE GECOM -11
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REFORMER PHASE

The GECOM Reformer is essentially an executive routine. It ealls in only those generators which
are required, It relocates them in memory and allows them to operate upon the parameters, It
includes input, output, and other service subroutines which are used in common by the various
generators. Generator loads are brought into memory in the following sequence:

1. Fxptression Generator if required.

2. Reguired Simple and It Generators,
Required Move and Exchange Generators,
Input File Table Generator.

Input Coding Generaior.

Input Unpacking Generator.

Output File Tabhle Generator.

=1 o N A= o

Output Coding Generator,

8. OQuiput Packing Generator.
10, Input/Output Service Generators - three loads.
ii. Pseudo Instruction Generator.

As the generators operate, they produce General Assembly Program {GAF) symbolic coding to
perform the functions specified by the parameters upon the data described by the parameters.
It should be noted at this time that there are many constants and subroutines which are common
to many (if not all) object programs. It would be wasteful of computer time for the compiler to
generate such constants and subroutines during every compilation, Therefore, the generators
only produce references to the constants and/or calling sequences to the subroutines, both of
which are assumed io be placed in the ohject program by other methods mentioned later.

If any coding is produced by the Expression Generator, it is writien out on tape. The parameters
derived from the zource program Procedure Division were dispersed to the various parameter
files. The Reformer must merge the symbolic coding back into one consecutive file in source
program sentence sequence. Ag the SIMPLE and IF Generators produce coding, it is merged in-
to one tape file with any coding produced by the Expression Generator., When the MOVE and EX-
CHANGE Generators produce coding, it is merged into one tape file with the coding produced by
the EXPRESSION, SIMPLE, and IF Generators, From this point on, all coding produced in sub-
sequent generator loads is simply added onto the end-~of-tape file.

ASSEMBLER PHASE

The Assembler phage is a modification of the General Assembly Program {GAP). The first pass
of GAP iz omitted because it would perform unnecessary work. GAP reads the tape file contain-
ing the generated symbolic coding, assembles the coding into machine language, and punches out
the object program, At a later date, GAF will optionally write the object program on magnetic
tape. Instead of printing the usual assembly listing, GAP writes it on the end~of-listing tape,

GECOM-11
OPERATIONS MANUAL

()
[
2
%)
&



Decembear 1963
Page I1-8

EDITOR PHASE

The Editor phase is described in detail in Chapter V of this manual. Essentially, it uses the
listing tape to print the documentation of the program. This documentation, the Edited List,
includes the entire source program as written by the user, a merged list showing the generated
symbolic coding side by side with the assembled machine coding produced for each sentence and
several cross reference tables. The Editor optionally punches out the required object program
subroutines if the object program is on cards or writes the subroutines on iape if the object pro-

gram is on tape,

At the end of compilation, the user has an Edited List {if he has not inhibited it through console
switch settings) and an object program on tape or cards. If the object program is on tape, a
loader will have been written at the beginning of the tape. If the object program is on cards, the
user will have to place a copy of the MCML Il Loader and a type Ll in front of the object
program deck and the required object program subroutines at the back of the deck (if the sub-
routines have not heen punched out by the Editor}. If no error messages have been printed during
compilation, the user ig then in a position to test his object program. He should consult the oper-
ating ingtructions for object programs, (See Chapter VI.)
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. COMPILER OPERATING INSTRUCTIONS

GECOM - Model II - compiles with four or five magnetic tape handlers,
be input from the card reader or magnetic tape. (See Figure 3.)

December 1963
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The source program may

Figure 3. GE-225 Magnetic Tape Handlers and Controllers

SOURCE COMPUTER CONFIGURATION

The minimum source computer (compiling) configuration for GECOM is:

GE-225 Central Processor with 8192 words
Typewriter

Card Reader

Card Punch

High Speed Printer

Magnetic Tape Controller

4 Magnetic Tape Handlers

GECOM-II
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The maximum configuration may nclude:

5 Magnetic Tape Controllers
5 hMagnetic Tape Handlers

TAPE HANDLER SETUP

Tapc Handler 1 System Tape containing GECOM
Tape Handler 4 Blank
Tape Handler 3 Blank
Tape Handler 4 Blank

Optional. Way contain the source prograim.

(3]

Tape Handler

Four Magnetic Tape Option:

The source program must be input to ihe compiler from the card reader.

Five Magnetic Tape Option:

1.

If the source program is input to the compiler [rom the card readei:

a. The source program will be written on tape 5 in the BCD mode, single card images.
Tape 5 will not be in BRIDGE II format.

b,  GECOM will not rewind tape 5 before or after compilation.

If the source program is input to the compiler from tape 5:

a. Tape 5 may be in BRIDGE II format, or

b. Tape 5 may be in BCD mode, single card images. (Sce paragraph 1, a above.)

c. GECOM will not position tape 5 to start compilation. {See Option 2 under “Source Deck
Setup for Compilation™. }

d. GECOM will not rewind tape 5 before or after compilation.

e, For placement of source programs on tape 5 in BRIDGE I compatible format, see
BRIDGE II (CIx225J1. 001}, Symbolic Tape Maintenance.

SOURCE DECK SETUP FOR COMPILATION

L

START Card to rewind system tape and call in locator. For explanation and preparation in-
structions see BRIDGE II, CD225J1. 00171,

SCC Card {(optional) to locate source program on tape 5 and leave tape 5 positioned for input
to GECOM. For explanation and preparation instructions, see BRIDGE 1I, CD225J1.001.

SCC Card to locate GECOM run label and start execotion, For explanation and preparation
instructions see BRIDGE 11, CD225J1. 001,

ED@ZE GECOM-1]
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Plug Parameter Card (optional}). The GECOM system contains a built in Plug Parameter

Card. The system card is designed for four tape compilations on a standard configuration of
tapes 1, 2, 3, and 4 on plug 1, and printer on plug 6. The customer may modify the compiler
system card to conform to his own installation's normal plug assignments if different than the
standard configuration. (See 'Modification of GECOM for Nonstandard Plug Assignments",}

Furthermore, the user may override the system card by placing a Plug Parameter Card in
the source deck and setting console switch 13 down. This is a Hollerith punched card in the
following format:

Column

Plug number of tape handler 1.

Plug number of tape handler 2,

Plug number of tape handler 3.

Plug number of tape handler 4.

Plug number of tape handler 5.

Not used.

Plug number of printer.

4 punch if four tape option is required,
% punch if five tape option is required.

= Lo DD e

0O w1 v o

source Program if on cards. See Appendix B of GECOM Reference Manual for sequence of
source program deck.

Blank Card if source program i3 on cards.

EBS Card. Yor explanation, preparation instructions, and information on opticnal run com-

pletion and linkage, see BRIDGE II, CD225J1. 001.

Opticon 1: 4 or 5 Tape Compilation:

Source program is on cards. Source deck sequence is as follows:

5. [ Blank cara
e— o
. -z:“ L
4. Saurce 1l
{ Program Deck {8
3. Flug
Parameter Card|- -~ - - = = - = « CGptional
2. SCC Card | - -~ -<------ RUNGECOM
1. [

START Card

Figure 4. Option 1 - Source Deck Sequence

N szF GECOM-1I
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Option 2: 5 Tape Compilation:

Source prograin is on tape 5 in BRIDGE 11 compatible format. Source deck sequence is as
follows:

5. EBS Carvd
4. Plug Param-
eter Card - - Optional
3. 5CC Gard - - - - RUNGECOH
2, 3¢C carxd |- - - -~ - - SYMPROGRAM WAME®
1. START Card

FYOC SYM (Source Program Name) will locate the named source program on tape 5 and leave
it positioned for input to GECOM.

Figure 4a. Option 2 - Source Deck Sequence

Option 3: 5 Tape Compilation;

Source program is on tape 5 but not in BRIDGE 1I compatible format. Source deck sequence
is ag follows:

4. EBS Card
3. Plug Param-

eter Card 1~ - = - Optional
2. SCC caxrd | - = - - - RUNGECOM
1. START Card

Figure 4b, Option 3 - Source Deck Sequence

@ED225 GECOM-II
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STARTING COMPILATION

Place source deck in card I‘e_a\del‘.

Read the START card into memory.

Resget "P"; start,

The plug, tape, and label of the system tape are typed.

The SCC card is read.

"LOCATING RUNGECOM'" is typed.

A console switch loop is entered.

Set the console switches for this compilation. (See options below. }

Toggle switch zero to cause GECOM io be located and compilation to start.

CONSOLE SWITCHES AND OPTIONS (Control Conscle shown in Figures .}

Console Switeh 1: Down - If the object~program is agssigned to the card reader, the required
subrouatines will be punched after the main program.

Switch 1 should be down whenever the object program requires the
linkage subroutine AP2 or MI2 since these routines are generated by
the compiler and are variable. A linkage subroutine is required
whenever an API OPEN entrance is given in the Environment
Division.

If the object program is written on magnetic tape by the compiler,
the required subroutines are always supplied aiter the main program
regardlegs of the setting of switch 1.

Console Switch 2: Down - The input/output, REPORT WRITER, and GECOM common coding is
listed.
Console Switch 3: Down - The Editor may be rerun at end of compilation.
Up - The standard run completion routine is entered at the end of compila-

tion; see BRIDGE II, CB22571.001.
Console Switch 4: Down - The complete Edited List is suppressed.

Console Switch 5: Down - The complete object program {(punched cards or magnetic tape) is
suppressed.

Console Switch 13: Down - A plug parameter card ig supplied after the 3CC RUNGECOM card.

Console Switch 16: Down - The source program is on tape handler 5 in the BCD mode, single
card images.

Console Switch 17: Down - The compiler loops (1553—15608) at the end of the Transformer phase
to permit examination of error messages., Compilation may be con-

tinued by raising switeh 17,

Console Switch 18: Down - The source program is sequence checked.

hmiﬁ@|f% GECOM-II
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OUTPUT

- o

High Speed Printer

Figure 3.

I IR
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Git-225 Conirol Console

The compilation log (run identifications and source program e¢rror messages followed by the
Edited List as controlled by the console swiich settings.

Card Punch

The binary object program if assigned to cards optionally followed by the required subroutines.

Tape Handlers:

oM L2 B

Typewriter

Optional.

System tape containing GECOM
} Blank or object program.

{See typeout

"ORJECT PROGRAM ON. ")

Way contain source program.

Logged messages for this compilation follow.
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COMPILATION ERRGOR DOCUMENTATION

The following procedure ig necessary to provide documentation for an error occurring during a
GECOM compilation. The indicated documentation should accompany the completed GE-225
SOFTWARE ERROR REPORT form.

Standard Procedure

1. Printer output of compilation error messages.

Manual dump of the first 300 memory locations on the printer,

(524

3. Memory dump.
4. Logged typewriter messages.
b A copy of the source program cards.

8. A source program listing.

The following information should be included depending on the phase of the compiler in which the
error pccurred. The particular phase in which the error occurred is the last run identification
printed following the IDENTIFICATION DIVISION. All tape dumps must be octal, unless other-

wise specified below.

Hun Identification

TO10EN IDENTIFICATION, ENVIRONMENT DIVISION
Standard procedure and dump of tapes 2, 3, and 4,

TO20RW REPORT WRITER TRANSLATOR
Standard procedure and dump of all files on tapes 2 and 4.

TOZ1IRW REPORT WRITER ANALYZER
Standard procedure and dump of all files on tapes 3 and 4.

TO30DD DATA DIVISION
Standard procedure and dump of all files on tapes 2, 3, and 4.

T040PD PROCEDURE DIVISION
Standard procedure and dumgp of tape 4.

TOS0TA TABSOL
Standard procedure and dump of all files on tapes 3 and 4.

TOB0PN PROCEDURE NAME ANALYZER
Standard procedure and dump of all files on tapes 3 and 4.

TOTOLT INTERNAL LANGUAGE TRANSLATOR
Standard procedure and dump of tapes 2,-3, and 4, approximately 8 files

on tape 2, and 5 files on tapes 3 and 4.

TOB00A OUTRPUT ANALYZLER
Same as TOTOLT.
TOo0AA ARITHMETIC ANALYZER

Standard procedure dump of 1 file each on fapes 2, 3, and 4.

@EDZQE GECOM -11
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T1i0051 SIMPLE~-IF ANALYZER
Standard procedure and dump of 4 {iles on tapes 2, 3, and 4.

T110MF MOVE-EXCHANGE ANALYZER
Standard procedure and dump ol all files on tapes 2, 3, and 4.

December 1963
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REFORMER STANDARD Procedure and DECK of source program ig always necessary.

MODIFICATION OF COMPILER FOR NONSTANDARD PLUG ASSIGNMENTS

The GECOM systein tape is created and maintained by the BRIDGE II Service System,

To modily the compiler, knowledge of ERIDGE 11 and the Octal to Binary BRIDGE Correction
Protection routine, CDZ25E&,. 004R, is required.

Svsiem Plug Parameter Card

The compiler svstem contains a built in plug parameter card. The customer may modify the
compiler gystem cards to conform to his own instaliation normal plug assignments if different
than the standard configuration. Alternatively, a plug parameter card may be placed in the
source deck [or cach compilation. (See "Plug Parameter Card" page II1-3 and "Consgole Switches
and Options" page 111-5.) If the user does change the system plug parameter card, the option of
using one in the source deck siill remains,

The system plug parameter card is designed for the 4-tape option with all tapes on plug 1 and the
printer on plug 6.

Format of the system plug parameter card iz as [ollows:

Col.
Col.
Col.
Col.
Col.
Col.

{Flug number of tape 1)

{Plug number of tape 2}

{Plug number of tape 3)

{Plug number of tape 4)

{Plug number of printer})

{(Nurnber of tapes to use for compilation)

[ealE s QL S
I
He G = =

Modilication of System Plug Parameter Card

The following BRIDGE control and change cards must be prepared by the user:

Oy 0 = O3 DD =

=S|

ey iy =
BlE= 225

START Card

SCC Card

DOP Card

THA Card

COP Card

COR Card

Correction Card

CPT Card

Blank Card

EBS Card

GECOM-T1
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The following example of card preparation assumes:

[ S

BRIDGE II system tape ls mounted on plug 1 tape 7.
GECOM system tape is mounted on plug 1 tape g.
Blank tape for updated GLECOM system to be written is on plug 1 tape 1.

4. Printer is on plag 6.

{Above plug and handler numbers are for purposes of example only.

to his own environment. |

Control Deck Example

1. START Card for plug 1 tape 7
(See BRIDGL: If, CID225T1.001.)

2. SCC Card (to locate BRIDGE II} format:

Col. 1-3
Col. 22-33
Col. 53
Col. 34

SCC

RUNBRIDGEAIL

1 {Plug number)

7 {Tape number of BRIDGE 1I system)

A1l other columns blank

3. DOP Card format:

Col. 1-3
Col, 7-12
Col. 22-Z3
Col. 33
Col, 3%
Col. 61-62

DOP

MODAY I {Current date)

NO {No library functions)

1 (Plug number of output tape)
1 {Tape number of output)

NG {Do not produce SCC card)

All other columns are blank.

4, THA Card format:

Col. 1-3
Col. 7
Cal. 8

THA
1 {Plug number of input)
) {Tape number of inpat)

All other columns are blank.

5. COP Card {Copy [unction) format:

Col, 1-3
Col, T-18

COF

User may assign accord-

BTLGECONM:AAMA {Label of tape containing GECOM}
A1l other columns are blank,

6. COR Card formaut:

Col. 1-3
Col. 7-18
Col. 22-23
Col. 58-60

COR

RUN GECOMAMSA (GECOM run label}

#OVEXECUT {(None of overlay to be changed)
CHK {Request for correction protection)

411 other columns are blank.

GECOM-T1
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6.a Octal Correction Card:

FFormat:
Col, 5 o (Relocatable Bit indicator, always zero}
Col. 7-10 1400 {Octal location, always 1400}

Col. 12-18 OAABBCC:

AA represents: tape 1 plug number. Il tape 1 is to be on plug 2, the content
would be 02.

BB represents: tape 2 plug number. If tape 2 is to be on plug 2, the content
would bhe 02,

CC represents: tape 3 plug number. If tape 3 is to be on plug 2, the content
would he 02,

Col. 20-268 ODDEEFI:

DD represents: tape 4 plug number, If tape 4 is to be on plug 2, the content
would be 02,

EE represents: tape 5 plug number, If tape 5 is to be on plug 2, the content
would he 02,

FF: blank, content iz 60,

Col. 28-34 OGGHHIIL:

GG represents: printer plug number. If prinfer is to be on plug 3, the
content iz 5.

HH represents: number of compilation tapes. If 3 tapes are to be used for
compilation, the content is 05,

1I: blank, content is §0.
Col, 67-T5 #OVEXECUT {(Name of overlay te which the changes are to be applied)

Thus, an octal correction card for a change to 5 tape option, all tapes on plug 2, printer on
plug 3, would be puriched as follows:

Col. 5 T 12 20 28 67
0 1400 0020202 0020260 0050560 #OVEXECUT

An octal correction card for a change to § tape option, tape 1 on plug 1, tape 2 on plug 2, tape
3 on plug 1, tape 4 on plug 2, tape 5 on plug 1, printer on plug 6 would be punched as follows:

Col. 5 7 12 20 28 67
0 1400 0010201 0020160 0060560 #FOVEXECUT

qice L 1'_%'\1, GECORM-11
N 5ol OPERATIONS MANUAL
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Binary Correction Card:

The user must process the octal correction eard through the Octal to Binary BRIDGE
Correction Protection routine, (CD225BB, 004R), to obtain the binary correction card for
insertion in the BRIDGE control deck. The sequence of the example deck for input to the
Correction Protection routine is as follows:

(,Standard End Card

0 1400 0020202 00 20260 Q050560 #OVEXECUT
Qetal Correction Card

COR Card:
COR  RUNGECOM #OVEXECUT CHK

7 Octal to Binary BRIDGE Correction Protection
Routine Deck
CDZ25B6.004R

Figure 5a. Sequence of Example Deck for Input to Correction Protection Routine
The Correction Protection routine punches out the following cards:

COR Card
Binary Correction Card

These two cards should be placed in the BRIDGE contrel deck between the COP and
the CPT cards.

CPT Card format:
Col. 1-3 CPT

Elank card

EES Card format:

Col. 1 0-7-8 punch
Col. 2 0-7-8 punch
Col. 3 0-7-8 punch
Col. 4-6 EBS

22@ GECOM -11I
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Operating Instructions

After mounting tapes and placing control deck in the card reader, follow operating instructions for
BRIDGE I, {CDZ225J1. 001}, The sequence of the BRIDGE control deck is as {ollows:

10.

Wy o bn

e

ERE Card
Blank Card

CPT Card

Binary Change

Card
COR Card
C0P Card
THA Card
DOP Card
SCC_Card
START Card

Figure 3b. Sequence of BRIDGE II Schedule Control Deck

The output from the previous example will be an updated GECOM system tape on plug 1 handler 1.

OPERATING INSTRUCTIONS FOR APPLYING CHANGES TO COMPILER

Preparation for operation of the computer for correcting the compiler with BRIDGE II reguires
the BRIDGE II schedule control deck to be arranged as follows:

12.
11.
i0.

Lt e L Y = = -]

Blank
Blank
EBS Card
Blank Card
CPT Card
Binary Change Card
COR Card

COP Card

THA Card

TP Carxd

SCC Card

START Card

Figure b5c. Sequence of BRIDGE II Schedule Control Deck for Correcting the Compiler.

The START card must have the plug number and tape handler number of the BRIDGE II system tape
punched in colummns 79 and 80 respectively. These are the same plug and tape numbers that are

punched in the SCC card.

GECOM-II
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Operator setup is as follows:

%]

The BRIDGE 11 system tape to be mounted on the tape handler specified in the START and
SCC cards.

The GECOM system tape must be mounted on the tape handler specified on the THA card.

Ablanktape must be mounted on the tape handler specified in the NOP card as the autput
for the wpdated GECOM System tape.

The BRIDGE II schedule control deck, shown in Figure Se, must be placed in the card
reader,

Then normal operator action must be performed to:

=

b,

—

-

—_

set the compuicer for manual operation

reset the accomulator, alarms and depress the A=] swiich
rezet P

load card

reget alarms

reset P

load card

set the computer for automatic operation

depress the 5START hutton

GE{COWR - 17
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V. SOURCE PROGRAM ERROR MESSAGES

A detailed error znalvsis is performed on the Scurce Program Language during compilation in
the Transformer FPhase. For cach lype of ervor found, a message ig logged on the printer (ol-
lowing the IDENTIFICATION DIVISION listing, The individual error messzges from €ach run are
headed by a run identification,

The run divisions and their corresponding run identilication are shown in Table 2.

Table 2. Run Identification
PRINTER GECOM MASTER TAPE

FENVIRONMENT DIVISION TO10EN
REPORT WRITFERE THANSTLATOR TOZORW
REPORT WRITER ANALYZER TOZ1RW
DATA DIVISION ' T030DD
FROCEDURE DIVISTON TO40PD
TARBSOL TOBOTA
PROCEDURE NAME ANALYZER TOBOPN
INTERNAL LANGUAGE TRANSLATOR TOTOLT
QUTPUT ANALYZER TOBOOA
ARITRMETIC ANALYZER TOS0AA
SIMPLE-IF ANALYZER T1005T

MOVE-EXCHANGE ANALYZER TI110ME

When an error is found, the message is logged on the printer and the necessary recovery actions
are taken to continue compilation. Corrective actions are taken only when it expedites the re-
covery. It must be remembered that an error in any run may canse subsequent errors to be
noted in the following runs.

The liste starting on page IV-3 contain ¢rror code messages with an explanation of the probable
causes and the corrective action (if any} taken by the compiler, In addition, the recommended
programmer action is given for each of these errors. The lists give error messages for the
Envirennment, Data, and Procedure Divizions, in that order.

Freceding the lists, the formats [or the logged error messages are given in Figure §.

B G5 GECOM 11
- 2SS
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ENVIROWMENT DIVISION

ERROR MESSAGES IN THE TRANSFORMER PHASE

Error Fatavay SENTENCE~NAME &+ A BRelative Card
Code, wight Position
Justified

with blank £ill

FEPORT WRITER TRAWSLATOR

Exror fatal Report A A Major FANLY Minor A 0+ A Bel. A Imwvalid
Gode Mame Heading Heading Pos,. wd. or
char.

REPORT WRITER ANALYZER

Error o) Repott
Code Name

DATA DIVISTON

Exrror & 8 A& 2+ A Belatiwe Major Minor
Code, right Position Heading Heading
justified

with blank £ill

PROCEDURE PIVISION AND PROCEDURE NAME ANALYEER

Error avaty SEHTENCE~NAME A+ A Belative
Code, right Position
Justified

with blank £i11

TABSOL RUNW
Error &h Table A Row At Column AN Memery Leocation
Code Hame Number Number where error was
detected.
INTERNAL LAWGUAGE TRANSLATOR
Error Fa¥atay 5 ENTENCE~MAME A+ A BRelative Falatay Major Minor
Code, right Positicn Heading  Heading
Justified
with blank £ill
QUTPBT ANALYZER
Error araray QUTPUT A - Wajor Minor
Code, right Heading  Heading
justified, with
blank £ill

ARITHMETIC, SIMPLE-IF ARD MOVE-EXCHANGE ANALYZERSZ

Error Fa¥atay SENTENCE-NAME &+ p Relative
GCeode, rvight Position
justified

with Blank £111

Figure 6. Format For Error Messages

o ] -
@EDZZE GECOM-II
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When running a sequence check on the source program with console switch 18 down the format
shown in Figure 7 is used,

ENVIROWVMENT, DATA AND PROCEDURE DIVISTONS

AS E O . A LAST SEQUENCE A A A CURRENT CURRENT
NIMBER SEQUENCE SENTENCE
NUMBER

Figure 7. TFormat With Console Switch 18 Down

Glossary
The Glossary below containg definitions of various terms used in the error message lists,
1. Destination Field: The field to which the information is being moved.

2. Dummy Symbolic Name: A constant symbolic name that is used when a fleld wag not
described in the source program.

3. Generator Class; A compiler term used for a particular generator in the compiler.
4, Receiving Field; Same as the destination field.

5, Source Field: The field from which the information is being moved.

6, Tag: Compller term for a descriptive parameter,

7. Undefined Symbol Flag: A General Assembly term for a flag to denote a symbolic name
that was not defined in the symbol field of GAP coding,

References

ATl references given in the following error message listings are to the GECOM-II Reference
Manual, unless otherwise indicated.

GECOM-TI
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ENVIRONMENT DIVISION

Error AN SENTENCE~NAME A + A Relative Card
Code, right Position
justified

with blank fill

Sentence Name + Relative Card Position

If the error occurred in a card containing the Sentence Name, the card Is identified by the
Sentence Name with a relative card position of 000. If the error occurred in a card not having a
Sentence Name, the card is identified by its position relative to the last named gentence encoun-
tered, For example, the first unnamed sentence after a sentence named "COMPUTE~1" is

identified as "COMPUTE~1 + 001",

DE and FL Prefixes

The numeric error codes in the ENVIRONMENT DIVISION are prefixed by either a DE or FL.
All error codes prefixed by a DE are listed first in numeric order followed by those prefixed by
an Fl.. DE and FL, the two categories of errors, are explained below:

DE  Delete: The compiler has found an error with respect to the GECOM language
specifications, The statement or phrase was deleted. The resulting
object program is not complete with respect to the problem definition,
The error must be corrected and the problem recompiled.

FL Flag: The compiler has found an apparent error with respect to the GECOM
language specifications. Action was taken which was the best pessible
action to be attempted at this time, This action, however, may have
caused an erroneous object program with respect to the problem defini-
tion. The author must review all FL errors carefully, In most cases
the condition causing the error must be corrected and the problem

recompiled,

@Emngﬁ GECOM-11
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Page IV-8-a
REPORT WRITER TRANSLATOR
Error Fi%al Repart & A Major A A Minor A + A Rel. A Invalid
Code Name Heading Heading Pos, wd., or
char.

Major Heading

The first word of the last named report description header. During report layout processing this
is the word LAYOUT. During the report definition processing this is the first word of one of the
last named section héaders (LINE CONTROL, LINE DEFINITIONS, LINE SECTIONS, PAGE
CONTEOL}.

Minor Heading

During layout processing, the litie code from the Line Image Fntry, During definition processing,
the second word of the last named section header.

Relative Position

The position of the card being processed relative to the header named under major and minor
headings. The error is normally detected during processing of the card containing the error, but
in some instances processing of the next card has begun before detection is possible, Therefore,
the programmer should examine the card referenced and if no error is found then examine the
immediately preceding card.

Invalid Word or Character

On certain errors (i.e. RE00L, RE00Z2, REQ08) the illegal word or character is printed. If a
character is in error iis octal equivalent is printed. An invalid word is printed in decimal mode,

REFORT WRITER AMALYZER

Error Fatay Report
Code Name

=)
Tnial
a
NS
Al
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Fage 1V-9
DATA DIVISION
Error Fay LU Relative Major Minor
Code, right Pasition Heading Heading
justified :
with blank f£ill

Relative Position

Is the position of the card confaining information found in error relative to the major or minor
entry. If the message contains both a major and minor entry, the position is relative to the
minor entry,

Major Heading
The last named Section or File. For example: "WS" or "FILE-NAME~1" respectively.
Minor Heading

The last named Record. For example: REC~1,

W a2 GECOM-1II
Ble e L
WL OPERATIONS MANUAL
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PROCEDURE DIVISION AND PROCEDURE DIVISION ANALYZER

Error fa¥ata¥ SENTENCE~NAME &+ A Relative
Code, right Position
justified with

blank f£ill

Sentence Name + Relative Position

If the error occurred in a named sentence, the sentence is identified by ite Sentence Name and a
relative position of 000. If the error occurred in an unnamed sentence, the unnamed sentence is
identified by its position relative to the last named sentence. For example: the first unnamed
sentence after a senténce named COMPUTE~] is identified by "COMPUTE~1 + 001",

Checking Errors in Procedure Division

A source program error in the Procedure Division usually causes either incorrect coding to bhe
produced or no coding to be produced in the corresponding part of the object program, Further-
mare, a source program error can throw the translation process out of phase, thereby causing
additional error messages and incorrect coding to be produced, This may cause additional error
messages to be printed in subsequent compiler runs. The additional error messages may be
unfounded {no basis in the source program). The compiler always attempts tc continue or to get
back in phase to continue processing so that i1 can at least detect as many source program errors
as possible even though the object program may not run correctly until all errors are corrected,
In summary, it should be nofed that one error may cause more than one error message. When
an error list is produced, the user should examine the sentences in guestion keeping in mind

the possible causes for the error message (as shown on the following pages}. It would be wise

to check the sentences before and after the questionable sentence as well. When all apparent
errors are corrected, recompilation should be attempted, On recompilation the unfounded error
mesgages should not recur,

@EDZZS GECQM-11
OPERATIONS MANUAL
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Page IV-22
TABSOL RUN
Error Fatal Table Fa Row fa'a’a) Column  AAMA Memory
Code Name Number Number Location
Where Error
Detected

See "Checking Errors in Procedure Division", page IV-14 of this manual.

When the TABSOL run detects apparent errors in the source program, it usually attempts to
gkip over the questionable input and continue compilation. Ordinarily, this leads to omission of
object coding or incorrect cbject coding, This may have no significant effect on the object pro-
gram, e.g., if a noise word is skipped. The compiler makes the most likely assumption about
the questionable input. This could result in a correct cbject program from a faulty source pro-
gram. If compilation results in error messages, the programmer should check the source
program againgt these messages taking into consideration the probable causes, and actions (or
lack of actions) taken by the compiler, Programmer should determine if an attermpt to run the
cbject program is worth the chance, In the final analysis, all errors should be corrected and
the source program recompiled, to produce clean documentation.

@EDZZS GECOM-1I
OPERATIONS MANUAL
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INTERNAL LANGUAGE TRANSLATOR

December 1963
Page IV-25

Error
Code, right
justified

SENTENCE~NAME A + A Relative

with blank f£ill

Minor
Heading

Sentence Name + Relative Position

If the error occurred in a named sentence, the sentence is identified by its Sentence Name and a

relative position of 000.

If the error cccurred in an unnamed sentence, the unnamed sentence

is identified by its position relative to the last named sentence. For example: the first unnamed

sentence afier a sentence named COMPUTE~1 is identified by "COMPUTE~1 + 001",

Major Heading

The data name that was in error, if any.

Minor Heading

The qualifier of the data name, if any.

GECOM-1II

OPERATIONS MANUATL,
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QUTPUT ANALYZER

Error Fatatal OUTPUT fal A Major Minor
Code, right Heading Heading
justified with

blank fill

Major Heading

The data name in CUTPUT that was in error, if any.

Minor He ading

The qualifier of the data name, if any.

SPECIAL FORMAT FOR ERROR GODE IDIM:

AIDIMA A A FILEAXX A A BECORDAYTYY Fatatal FIRLDAZZZ

"XX" represents the file number of the entry in guestion.
"YYY" represents the record number within that file number of the entry in question,

"z7Z" represents the field number within that record of the entry in question.

@EUZZS GECOM-11
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ARITHMETIC AMNALYZER, SIMPLE-IF ANALYZER, AND MOVE-EXCHANGE ANALYZER

Error A SENTENCE~NAME &+ A Relative
Code, right Position
justified

with blank f£ill

Sentence Name + Relative Position

If the error occurred in a named sentence, the sentence is identified by its Sentence Name and a
relative position of 000, If the error accurred in an unnamed sentence, the unnamed sentence is
identified by its position relative to the last named sentence. For example: the first unnamed
sentence after a sentence named "COMPUTE~1" is identified as "COMPUTE~1 + 001",

DE and FL Prefixes

The numeric error codes are prefixed by the letters DE or FL. All error codes prefixed by DE
are listed first in numeric order followed by those prefixed by an FL, DE and FL are two cate-
gories of errors which are explainedbelow.

DE Delete: The compiler has found an error with respect
to the GECOM language specifications. The
statement or phrase was deleted, The resulting
object program will not be complete with respect
to the problem definition. The error must be
corrected and the problem recompiled.

FL Flag: The compiler has found an apparent error with
respect to the GECOM language specifications,
Action was taken which was the best possible
action which could be attempted at the time.
This action, however, may have caused an
erroneous object program with respect to the
problem definition. The author must review
all FL errors carefully. In most cases the
condition causing the error will have to be
corrected and the problem recompiled.

GECOM-1I
OFERATIONS MANUAL

G
D a DI
0
RS
RS
din
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ERROR MESSAGES IN THE REFORMER PHASE

All error messages printed by the Expression Generator during the Reformer phase indicate an
expression hag been deleted. In some cases, some instructions have already been generated
and will appear in the Edited List, but in the majority of cases no instructions will show, as the
entire expression will have been deleted before any generation of coding was begun. The major-
ity of the messages can only be caused by machine error producing "ineorrect” information as
input to the Expression Generator,

Format of Expression Generator Error Messages:

SEQUENCE
INTERNAL CODE SENTENCE NUMBER NUMEBER CONSTANT
XXXXZXX XXX XXX FPEX

The internal code is meaningful only to the compiler implementors. It should be ignored unless
errors continue to recur. In this case these codes should be reported to the GE Computer
Department for diagnestic purposes.

The sentence number is the number assigned internally by the compiler to the sentence in ques-
tion. It is printed on the right side of the Edited List opposite the sentence,

The sequence number is a number assigned internally by the compiler to & part of the sentence
in question. It is a relative number, but it is usually "000". It is not printed on the Edited List
and is significant only to the compiler implementors.

The constant "PEX" is always printed as the last part of an Expression Generator error message.
When a PEX error message occurs, examine the sentence in question. It can be found in the
Edited List by its sequence number which is printed opposite the sentence on the right side of

the list. If the error is not obvious, see the Internal Codes listed below. Correct the source
program as necesgsary and recompile, If the error occurs again, report it to the GE Computer
Department. Include internal code and all other pertinent information.

Internal Code Meaning
13552 Expression is too large for input area. It must

be divided into two or more expressions.

10554 Expression overflows entry table. It must
bhe divided into two or more expressions. The
table can handle 225 entries of four words each
(total of 900 words), To compute the number of
entries required for an expression use the fol-
lowing rules:

1. Ewverything to the left of the equals sign is
treated the same as information to the right,

2, FEach field, function, sign, open, or close
parenthesis requires one entry.

3. Each single dimensional subscripted field
requires fourteen entries,

GECOM-11
OPERATIONS MANUAL
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4. Each field with a two dimensional subscript
reguires twenty-two entries.

5, Each field with a three dimensional subscript
reguires thirty-two entries.

6. If a subscript itself is an expression, apply
rule 2 to the expression within the subscript.

7. "X#xY" requires seven entries. If "Y" is an
expression, apply rule 2,

The entry table size is subject to change,

10727 Error in subscript dimensions {too few, too
many, ete.),

11204 An illegal exponent configuration.
11240 An undefined function name.
113086 Multi-dimension array which does not appear

in the Array Section.

@EDZZS GECOM -1
OPERATIONS MANUAL



December 1963
Page V-1

V. EDITED LIST

PURPOSE

The last run of GECOM (the EDITOR) produces the cbject program and a listing documenting the
compilation. The Edited List is prepared on the on-line printer. It can be used as a final record
of a successful compilation or as a working paper for correcting an unsuccessful compilation.

The object program is produced either as a card deck or a magnetic tape file according to the
contents of the ASSIGN clause of the Environment Division.

Figure 8 below illustrates the GE-225 High Speed Printer.

Y
‘ | GENERALED ELECTRIC

Figure 8. GE-225 High Speed Printer

@ED225 GECOM-II
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SWITCH OPTIONS

Two console switches conirol the preparation of the ohject program:

Switceh 1 down: If the object program is punched on cards, required subroutines are included
with the object program. Switch 1 should be down whenever the object pro-
gram requires the linkage subroutines AP2 or MI2 since these routines are
generated by the compiler and are variable, A linkage subroutine is requir-
ed whenever an API OPEN entrance is given in the Environment Mivision.

If the object program is written onto magnetic tape, required subroutines
are included with the object program regardless of the setting of switch 1.
Switch 5 down: Object program ig not punched out or written on tape.

Three conscle swiiches control the preparation of the Edited List.

Switch 2 down:  Input-output, Report Writer, and GECOM common coding is listed. Since
this coding is usually not of interest, it is not listed unless switch 2 is set.

Switch 3 down:  Bditor is to be rerun.
Switch 4 down:  WNo Edited List is printed.

Inconsistent setting of switches is detected, If switches 1 and 5 are both down, and the object
program is assigned to cards, the message "SWITCHES'" is typed. The switch settings should

then be corrected and switch 0 toggled. Similarly, if switches 2 and 4 are down, the switch setting
is indicated as inconsistent {by the typeout "SWITCHES'} and should be corrected. If swiich
settings are found to be inconsistent after an opportunity fo correct them hag been provided, the
lowest numbered switch controlling each preparation is assumed: 1 is assumed if both 1 and 5 are
down, and 2 is assumed if both 2 and 4 are down.

If only switches 4 and 5 are down, neither listing nor object program are prepared.
RERUN

When switch 3 is down, the Editor may be rerun to provide other copies of the Edited List and/or
the object program. At the end of the compilation, the Editor option swiiches may be reset to
specify new listing or object program preparation instructions, Set the option switches and then
toggle switch zero to order rerun (switch 3 should be put to normal unless another rerun is desired).

CONTENTS

A degeription is given below of the Edited List. The Edited List, obtained when neither switch 2
nor 4 is set, is described first. The effect of setting switch 2 is then discussed.

Page Heading

Bach page is headed with the PROGRAM-ID, the DATE COMPILED, and the name of the AUTHOR
(if these are supplied in the Identification Division). In addition, a page number is printed.

i GECOM-II
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Other Headings

Several parts of the Edited List are distinguished by means of headings. Three major parts are
the source listing, the object listing, and the object information. Within each major part,
further distinctions are indicated by minor headings, When a part is displayed in table form,
column headings are used.

Part Printing

A description of each part that is printed is given below., The major and minor headings are
indicated on the left.

Source Iisting

(50

IDENTIFICATION DIVISION: The Identification Division is printed without change.
ENVIRONMENT DIVISION: The Environment Division is printed without change,
DATA DIVISION: The sections of the Data Division are printed differently.

Report Section: In printing the Report Section, column headings taken from the GECOM
Report Description form are used. The line identification part (cel, 1-27) of line image
entries is printed on one line and the actual line image {(col, 28-147) is printed on the next
line. This format displays the line image in the same positions on the listing as will be
obtained in the report. The report definition entries are printed as punched: col. 1-80 on
cne line, col, 81-147 on the next line.

True-False, Integer, and Array Sections: These sections are printed without change.

File, Common Storage, Working Storage, and Constant Sections: These sections are
printed beneath column headings taken from the GECOM Data Division form. An additional
column is inserted between the columns for Sequence Number and Type. In this columm,
GAP symbols are printed for data entries referenced in the Procedure Division. For a type
FD entry, the last two digits of the symbol are the assigned file number, For a type R
entry, the last two digits are the assigned record number within the file. For all other types
of entries, the alphanumeric characters are the GAP symbols assigned t{o the entries, If
this column is blank, no symbol has been assigned.

Tacit Data Division Entries: A list of tacit Date Division entries is also printed. It gives

a
=5
[R5
CEE!

the GAP gymbol, name, and format type for each data name mentioned in the True-False,
Integer, or Array sections but not described elsewhere in the Data Division and/or for
special entries, such as "LINE~COUNT, "which are supplied automatically. The size of
each dimension is also given for arrays.

PROCEDURE DIVISION: The procedure division is printed without change except for the
addition of an internal sequence number which also appears in the
listing of the okject program.

GECOM-IT
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Object Listing

GAP Symbolic Octal Location: The symbol table formed during the assembly of the object
program is listed. It gives the octal location assigned to each GAP symbol. By means of this
table and the Data Division table, the octal location assigned to a data entry can be found, The
symbol for the data entry is obtained first, then the octal location for that symbol.

Procedure Coding: The assembly input produced for each procedure sentence and the assembly
output for that input are printed beneath the sentence. The sentence is printed with its internal
sequence humber, as in the listing of the Procedure Division. The assembly input and output
are listed in the format of the GAP listing: octal ouiput on the left, symbolic input on the right.
The octal output is a five digit address followed by the contents (seven digits) of that address.

Storage Reservations and Procedure Constants: After the object coding is printed for all
procedure sentences, the working area and constants referred to in this coding are printed.
Printing is in GAP listing format.

Object Information

Names and Sizes of Segments and Subroutines Required: A table is printed giving information
about each segment or subroutine reguired by the object program. The GAP symbol and
name of each required segment is provided.

If segment being compiled has multiple entrances the entry names are listed.

When an OVERLAY~SEGMENTED object program has been assigned to the DSU, the following
information is listed:

1. The GAP symbol associated with the LOAD function.
2. The order in which the overlay segments must be submitted to the RAB function
of BRIDGE II.
3. The overlay segment name.
4., The directory table address {in octal) for the overlays at object executfion time. {See

BRAT (CD225E2. 005R. }

For required subroutines, the GAP symbol, (which is alsc the name of the subroutine), and
the size of the subroutine are given. The size is the number of locations in the subroutine,
in decimal.

If a segment or subroutine has not been supplied with the object program, an asterisk is
appended to the GAP symbol. When switch 1 is down or if the object program has been
assigned to magnetic fape, the asterisk indicates that the subroutine was not found on the
masgter GECOM tape.

If a subroutine waz copied from the master tape and one or more of its records were found to
have checksum errors, a plus sign is appended to the GAP symbol. In this case, the copy on
the master tape may be defective.

Il an invalid subroutine name is specitied, the name is printed followed by the legend
"UNKNOWN', This indicates a bad compilation, After five names are printed, any other
invalid names are ignored.

ED&__] 2!;1 GECOM-11
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Memory Use: A table is printed giving the number of locations used by the object program
ineluding:

1. WNumber of words in subroutines.

2. Number of words required for loader and common constants. (This entry must be adjust-
ed by the user whenever the API or Octal Correction module is included in the MCRML II
Loader.)

3. Number of words required for vector table at load time, Note that the user may "hide"
this memory requirement by assigning his vector table to an input/output buffer area
through the type 1 card for the MCML 1I Loader. The compiler assigns the vector table
ares immediately below the last field literal described in COMMON~STORAGE or to
{08152}y if no COMMON~STORAGE is given. No cbject program memory is lost if there
ig room for the vectar table in COMMON~ST ORAGE below the last field literal described
in COMMON-STORAGE.

4., Number of words in main program.

5. Number of words in COMMON~-3TORAGE.

These numbers are totaled to indicate the amount of storage required by the object program.
If the total exceeds the amount specified for the zmount specified for the object computer, a

warning is printed. If the total does not include locations in required segments, whose sizes
are not known, a warning to include these amounts is printed.

If the object computer ig deseribed as having a 16K memory, the amounts fotals, and warnings
are printed separately for the lower and upper 8K.

[fr-l} ;DG;\GT\EI GECOM-II
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Errors Affecting Object Production: On a separate page after the edited list, a table of any
Warecoverable tape errors is printed. The table gives the number of times an unrecoverable
tape error has occurred, the controller and handler numbers, and an indication of how the
tape is used for each tape contributing to the preparation of the object program.

Switeh 2 Option: If switch 2 is down, the following information is included in the object listing:

1. Any location assignments for GECOM common constantis and report writer coding
when present, are printed before the listing of the procedure coding.

2. Input-output coding is printed after the procedure coding, ‘before the storage
reservations and procedure constants.

The location assignment listing consists of instructions to the assembler to assign locations
to constants made available to all object programs. The report writer coding listed is
generated from the Report Section. The listing of input-output coding consists of the sub-
routines called in response to READ, WRITE, and similar sentences, and of file tables
used by these subroutines. All listings are in GAP listing format.

AS A DEBUGGING TOOL

The following steps should be taken before running a GECOM produced object program. These
checks prevent waste of computer time and aid the GECOM user in isolating source language and
clerical errors.

Using the Compiler Exror Messages

During compilation the source program undergoes a thorough analysis. The compiler notes
obvicus viclations of the language specifications and possible logical or clerical errors by
printing a message. The user should validate each message by cross referencing the listing of
the source program and the error message manual. Gross errors should be corrected by making
{he necessary source program changes and recompiling. If the user is smatisfied that the Pro-
cedure sentence or Data Division entry in question is allowable, the objecti program may be tried.

Desk Checking the Source Preogram

The Edited List begins with a print out of the source program as written by the user. In many
cases this is the first time the user sees the source program as a printed document. Each
Division should be checked,

The Environment Division
1. Object~Computer

Check object computer configuration. Note that fleating point hardware should be listed
in the configuration if it is available to the object program even though computation mode
is not floating point. The efficiency of the object program could be affected.

Check object program assignment. In particular, note that an object program should
not be assigned to the card punch.

an

CE!
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2, File~Control
Check asgsignment of all files ag follows:
e Each file in the Data Division should be assigned to a hardware medium,
e All files under file control should appear in the Data Division.
e Check all tape and plug assignments,
An error in the Environment Divigion probably necessitates a recompilation.
The Dgata Division

1. Check True-False, Array, and Integer gsections to make sure that all true false field
names, array names, and integer names are listed in the appropriate section,

2. Check file descriptions for proper field sequence.

3., Check qualification of cutput fields.

4. Check content and format of all constants,

5. Check working storage records and groups for field sequence and total length.
6. Check conditionals to make certain that values have been assigned,

The Procedure Division

1. A check should be made for a PROGRAM-ID name if this program is to be used as a
segment,

2. Check housekeeping routines for the following:

a. Advance printer to top of page if used as an output medium.
b. Bet true-false variables to initial value.

c. Set switches to initial sentence-name if necesgsary.

d. Read console switches to set true-false variables.

e, Clear work areas to initial contents if necessgary.

f. Open files,
3. Check all sections for a BEGIN and END senfence.

4. Check sequence numbers, if used, to insure that cards have not been shuffled prior to
compilation.

5, The program should logically end with a STOP sentence.

6. Check ALTER sentences for proper sentence-names and to make sure that only GO TO
Option 1 sentences are being altered.

@EDZZS GECOM-II
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7. Check daia-names for proper and adequate qualification.
8. Make sure that no vocabulary words were used as sentence-namesg or data-names,

Using the Merged Listing of the Source Program and Generated Coding

Some error flags may appear in this area. A flag consists of a letter "U", "M", "A", or "O"
to the right of a line of generated coding. An error flag usually relates {0 a compiler printed
error message for the corresponding sentence. If it does not, check for misspelled sentence
names, an unnamed GO TQO sentence, errors in sentence format, or vocabulary names used as
data-names or sentence-names,

If the user becomes familiar with GE-225 instructions, he may check the contents of the gener-
ated coding for a given procedure sentence. Verbs usually produce the same kind of coding.

All symbolic names appearing in the generated coding {except input/output) consist of three
characters derived from the numbers zero {0) through nine {9) and letters "A" through "2",
Comrnon object program constants are used throughout the generated coding. See Appendix D

of the GECOM-II REFERENCE MANUAL for their description and symbolic names.

See Appendix F of the GECOM-II REFERENCE MANUAL for a description of "GECOM Input/
Cutput Symbolic Name Assignment. "

@Em225 GECOM-II
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VI. OBJECT PROGRAM ODPERATING INSTRUCTIONS

Before an object program can be released for production running, the programmer must prepare
operating instructions for the run. The following information is presented to aid the programmer

in this documentation.
SETUP INSTRUCTIONS

Prepare setup ingtructions from the Environment Division of the source program. The=e instruc-

tions include;
- Object program input unit. (See Cbject~Computer sentences. }

) Specific hardware assignments for input and output files. (See File~Control
and DSU~CONTROL sentences*,)

o Memory dump tape unit{s). (See I.O-Control sentence®, }
LOADING INSTRUCTIONS
GECOM chject program loading instructions may be considered standard, in which case it would
not be necessary to repeat these instructions in every run book, Otherwise, loading instructions

may be extracted from the following paragraphs.

Object Programs on Cards

If the required subroutines were not punched out as part of the object program during compilation,
several operations must be performed before the object program can be executed:

[ Consult the Edited List to determine the library subrouatine requirements.
» Remove the Constant Cards and transfer cards from the end of each segment object deck
and place the segment(s) behind the main program in any order. (If degired, subroutines

may be placed between or behind segments becanse the order ig not important.)

. Place the MCML II Loader with the appropriate moduales and a type 1 card at the front of
the deck. (See CD225B1,006R.}

e If memory is to be cleared before loading the object program, place a memory clear card
in front of MCMIL II.

#See GECOM REFERENCE MANUAL, Chapter VIIL,

@FE.:{“ZZ% GECOM-II
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The sequence of the deck when placed in the card reader should then be as shown in Figure 9.

} Twn BElank Cards

Input Dets Cards {1F any)

TrensEer Cacd

— — = Constaat Catds

Cne deck for
Subroutines each aub=-
{Fram Library) routlne ar
sepsrats seg-~
ment requiced,
5P Crder of theae
Y . Relecarable  Segment dechs is at

important.

¥ ———————+ Eeloratable Sagrent
£lpayas the fitst deck

Hain Pregram {From Compiler) after the Type 1
card.

—_——————  Typ= 1 Earé

- . Cloar Memory tard {if desived)

Figure 9. GECOM Object Program Deck

Note that the Compiler (in order to decrease compilation time) does not place the loader in
the object program when the object program is assigned {o the card reader. The user may
further decrease compilation time by directing the compiler, through console switch 1, not to
punch out the object program subroutines. The GE Computer Department supplies one copy
of the loader to each installation using GECOM. A Library of the object program subroutines
is contained on the compiler systems tape. Each installation can establish its own punched
card library of these subroutines by punching out any or all of the subroutines from the tape
by use of the Selected Punching from Library Instruction Tape {SPLIT) routine, (See Chapter
VIII of this manual,

If the object program is assigned to cards and conscle swiich 1 was down during compilation, the
compiler automatically will punch out the reguired subroutines after the main program and before
the transfer card. It is not necessary for the user to obtain subroutines from a card file.

The MCML II must be placed in front of the main program as illustrated in Figure % before the
object program may be executed. (The CONSTANTS cards must be immediately before the

transfer card.}

MCMIL I Loader

A1l of the decks are loaded by the MCML II Loader. The Type 1 card required by MCML II is
prepared by the user ito indicate the desired loading options (print memory map, include date,
ete. ). For additional information on loading options, operating instructions, etc., see MCML II
Loader, {CD225B1.006R).

GECODM-T1
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Object Programs on Magnetic Tape

Ordinarily, object program card decks are processed by the BRIDGE II Service System,
(CD225J1. 001}, to place the program on magnetic tape. If a total object program contains no
SEGWHMENTS, it can be placed directly onto a BRIDGE 1l compatible magnetic tape by the compiler.
A magnetic tape object program producted by GECOWM ig in the following sequence:

1. Beginning Tape Label (BTL} record (24 word record).

2. Sequential Run Leocatov {one record of 'n" words),

3. Run Index (40 word record of zeros).

4.  End-ol-T"ile Mark.

5. Run Label {24 word record containing PROGRAM-ID as run namej.

Bootstrap Routine {one record of "n" words),

MCML II Loader {('m" card image records},

Type 1 Parameter Card {one card image record}.

e 11

B
7
8, MCOML I Tranzfer Record {one card image record).
5
0 Chject program including required library subroutines {("n" card image records).

11. Sequential Run Locator {one record of "n" words),

12,  Run Index (40 word record containing PROGRAM-ID of object program).
13. End-of-File Mark.

14. Ingtruction Tape Fence (24 word record).

15, End-of-¥ile Mark,

Loading Object Programs from Tape

If the object program was placed on magnetic tape hy the compiler, the tape format will contain
one card image per bloclk, The MCML 1l Loader and the Type 1 card image precede the program
on tape, The compiler sets the 8K indicator and the AAT indicator in the Type 1 card image
accotrding to the Environment Division entries. When the compiler prodoces the tape object
program, the API and Octal Corrections modules of MCML II are set to "No', i.e., the Type 1
card image produced by the compiler will have "ONQ" in columns 7-9 and "PNO" in columns 10-12,

The object program is loaded by using the standard START and/or SCC cards., See BRIDGE II,
(CD225J1. 001},

GECON Comrmon Constants

The GECOM Common Constants must be the last portion of the program loaded. Whenever the
compiler punches the subroutines or places the object program on magnetic tape it places the
Common Constants just before the transfer card. The constants are in a pseudo-subroatine called
CON.

Note: Although the format of the CON subroutine is relocatable, the constants still load into
the absolute locations 002524 - 003775, Thus, they overlay part of the MCML II Loader. No
header cards may be processed after the CON subroutine has been loaded. If the COXN deck
has not been loaded when the transfer card is reached, a missing subroutine stop cccurs.

Pt et Pty
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Absolute Coding

The MCML II Loader treats every card or card image following the Common Constants as absolute
coding. This coding must be assembled with GAP II in the relocatable format. It is treated as
absolute coding, and no relocation of either location or address is made. If BRIDGE II is used to
make corrections to an object program on tape, corrections could be of this type. (Corrections
can be inserted just before the iransfer card on tape and thus, behind the COY card images. )

Absolute Transier

If the regular transfer card is removed and an absolute transfer card subsgtituted, MCML II trans-
fers to the 14-bit address in the transfer card., Index register 1, Group Zero, then contains the
14-bit address of the regular GECOM object program entrance.

When it loads an object program from tape, MCML Il passes on an indication of tape and plug
number in the 4 and @Q registers. When it loads an object program from cards, it sets A to zero
before exiting. If the user substitutes an absolute transfer card, it is his responsibility to reset
the A and @ registers before going to the regular GECOM object program entrance.

MCKL II Transfer Table Location

The MCNI, II transler table requires 6N+2 locations where there are N entrances in the program.
It is ordinarily constructed immediately below the lowest addressed Field Literal in Common
Storage. Thus, only those quantities in Common 5Storage above this address are preserved. The
table mav be placed elsewhere in memory, for example, in a tape inpot/output buffer. In order to
move this table area, an octal address is punched into columns 25-30 of the Type 1 card.

The address should be the highest available address since the table is developed in a downward
direction from this address. It is made even by MCML II, Before MCML II relinquishes controt,
it zero ¢lears the transfer table.

5151 GECOM-II
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¥4, OBJECT PROGRAM MESSAGES

SOURCE PROGRAM OPERATIONS

The programmer is vesponsible for preparation of instructions for operations which he has in-
iroduced via READ (option 1), STOP, and WRITE (option 1), and ENTER GAP sent'enc‘es. Th?
programmer should consult the source program lsting and provide the operator wiith instructions
for all "read control switch' loops and messages initiated by such sentences.

GECOM PRODUCED OBJECT PROGRAM MESSAGES

All possible messages which may be compiled automatically into an object program are listed on
the following pages. The messages, meanings, and actions are as specific as possible for such
a general list, The programmer may extract messages from this list which are appropriate to
his program, and then tailor the messages, meanings, and actions

Note that the compiler assigns a two digit file number starting at "00" to each data file in order
of appearance in the scurce program Data Division, These file numbers are used in certain obh-
ject program messages to designate the file to which the message refers. In the Iollowing list,
the leiters "f" and "n" are used in the appropriate messages to indicate positions in which a file
number may appear. In preparing operating instructions the programmer may treat such mess-
ages in either of the following ways:

1. Show the messages, meanings, and actions in the general format and wording in
which they appear in the following list, but provide the operator with a legend
cross referencing compiler assigned file numbers to user assigned file names
and hardware units,

2. Show each message, meaning, and action for each file for which the message
may oceur, replacing the leiters "f" and "n" in the messages with specific file

numbers and showing the actual file names and hardware units under meaning,

The compiler also produces conventional label messages in object programs, The programmer

can and should show specific label messages in his operating instructions, {(See "PxATyA" in the
following list. Also see GET PROGRAMMING CONVENTIONS, for further information on tabbing,
color coding, ete,)

In addition, the programmer should merge into his list of GECOM produced object messages all
messages which he has created through use of the STOP and WRITE verbs, Also, if TAL (loader
emitted by BRIDGE II RAB function} or GAL (CD225B1. 013R) loaders or DSU/SIOS (CD225E8. 000)
?re used with the object program, their halts and messages should be included in the programmer's
ist,
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Fage VIII-1

Hl. OBJECT PROGRAM SUBRDUTINES

The Object Coding produced by the GENERAL COMPILER coniains references to segments of
coding which are basic to many programs. These segments have been put In such a form that
they may be referencsd one or mere times throughout the program with the coding appearing only
orice, These segments of coding are called subroutines. An example of such a subroutine might
e a fixed point to floating polot conversion routine,

To reduce compilaticn iime, ihese gubroutines which may be common to many different object
programs are not generated diuring compilation, The compiler simply asgumes that the subrou-
tines are present in the objsct program and refers to them through calling sequences, However,
the gubroutines must ke included in vhe object program before execution. A list of the required
subroufines iz produced by the Editor as part of the edited listing.

The required subroutinegs may be placed in the object program through any one of the following
options:

1. If the object program is punched on cardsand conseole switch 1 is up during com-
pilation, the compiler will only punch the main program and its transfer card, The
subroutines will not b2 punched, In order to execute the ohject program, the user
must consult the editzd list to determine which subroutines are required, then ob-
tain the requirzd subroviines from the library card file and place them in the object
program dezck zfier 2 mala program and before the transfer card. {(See Chapter VI,
OBJECT PROCRAM OPERATING INSTRUCTIONS of this manual for more details on

loading. )

2, If the cobject program is punched on cards and console switch 1 is down during com-
pilation, the compiler will automatically punch out the required subroutines after
the main program and hefore the transfer card. It is not necessary for the user
to obtain subroutings from a card file.

3. If the object program is writien onto magnetic tape, the compiler will automatically
include the regquired subroutines in the object program on tape.

The Selected Punching from Library Instruction Tape {(SPLIT) routine enabling each installation
to establish its own punched card library from those subroutines contained in the GECOM subrou-

tine library is describad on Page VIII-4,

The GECOM relocatable ﬂubrnv'?ine% are organized into three sectiong: Arithmetic, Move/Con-
vert, and Procedural, A gensral descripiion, a list of subroutines and a legend precede each of
the three sections, I addition an alphabatic index of all of the Object Program Subroutines is
given on Page Vili-2,

OPERATIONS MANUAL
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Page VIII-2

Subroutine
ABS
APl
AP2
ART
AXFP
CcOS
EXP
¥FLT
FLX
FXL
FXP
LN
LOG
MI1
MIz
MMI3
MTF
MTR
PES
PIN
PLN
POG
POS
PQT
PRT
PXP
RCS or RC*
RL.C or RL=*
RPT
*RC
SIN
SQT
TYP or TY#*

ble-228

SUBROUTINE INDEX

Page

Absoluie Function Floating Point AATU VIII-15
API Executive VIII-6-a
Linkage to API Executive VIII-6-a
Arciangent Function Floating Point AAT VIII-16
Fixed Point Package Using AAU VIII-11-a
Cosine Function Floating Point AATU VIII-19
Exponential Function Floating Poeint AAU VIII-17
Floating Point Package VII-12
Floating Point to Fixed Point Conversion Routine VIII-13
Fixed Point to Floating Point Conversion Routine VIII-14
Fixed Point Package VIII-8
Log to Base e Function Floating Point AAU VIII-18
Log to Base 10 Function Floating Point AAT VIII-18
DSUS/SI0S for 1 unit, 1 plug VIII-6-a
D3US/SI0S Linkage VIII-6-a
DSUS/S8ICS for multiple units VIII-6-a
Move to True-False Variable VIII-63
Truncate and/or Round Binary Fixed Point Numbers VIII-52
Absolute Function Floating Point Package VIII-21
Sine Function Floating Point Package VIII-25
Log to Base e Function Floating Point Package VIII-24
Log to Base 10 Function Floating Point Package VIII-24
Cosine Function Floating Point Package VIII-25
Square Root Function Floating Point Package VIII-26
Arctangent Function Floating Point Package VIII-22
Exponential Function Fleating Point Package VIII-23
Read Control Switches VII-66
Read Loader VIII- 67
Repeated Move VIII-60
Run Completion VIII-6-a
Sine Function Floating Point AAU VIII-19
Square Root Function Floating Point AAU VIII-20
Write on Typewriter VIII-63

GECOM-TII
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Subroutine Page
ZATNT BCD to BCD VIII-55
ZAP See ZIP
ZBB Rinary to Blnary with Change VIII-561
ZBN Binary to BCD VII-31
2y Floating Point to I'ree Form BCD VIII-36
ZFL Move and File V1iI-64
ZI'N Floating Point to Numeric with E VIII-38
ZFR Repeated BCD to Floating Point (Hardware Floating Point} VIII-47

ZIP|ZAP Character Move VII-44
ZLX Repeated Move FFloating Point Binary to Fixed Point

Binary Numbers VIII-Ha
ZNV Hardware Move VII-42. 1
ZNMW Repeated Nonscquential Word Moves Using Move Hardware VIII-42. 2
ZNB BCD to Binary VIII-40
ZNE Repeated Floating Point to Free Form BCD VIIL-37
ZNF BCD to Floating Point (Hardware Floating Point) VIII-45
ZNN BCD Numeric Moves with Editing VIH-33
ZNP BCD to Floating Point (Package Floating Point) ViI1-49
ZPIR Repeated BCD to Floating Point (Package Floating Point} VIII-5G
ZREF Repeated Floating Point to Numeric with E ViIl-35%
ZRP Repeated BCD to Binary VIII-41
Z8F Fields Separated by Commas (Hardware Floating Point) VII-61
Z38 Fields Separated by Commas {Package Floating Point) VIHI-f1
ZUA Word Moves VIII-42
ZUR Repeated BCD to BCD {Both Fields Unpacked) VIII-57
VARES Repeated BCD Moves with Editing (Both Fields Unpacked) VIII-35&
Z WM Repeated Word Moves for Nonseguential Fields VIII-43
ZXL Repeated Move Fixed Point Binary to Floating Point

Binary Numbeis VIII-58
LZA Repeated BCD to BCD {One or Both Fields Packed) VIII-56
LZB Repeated Binary to BCD VIII-32
ZZN Repeated BCD Numeric Moves with Fditing {Onv of Both

Fields Packed) : V1II-34

The following four subroutines are called by some of the above gubroutines in the GECOM

Subrountine Lihrary: 28C, ZOT, ZCB, and ZOR.

{E TE a 55, Eﬁ GECON-11
Nl BB e e RN OPERATIONS MANUAL
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SPLIT

SPLIT - Sclected Punching from Libratry Instruction Tape Routines

PURPQOSE

To punch all or sclected object program subroutines trom the CECOM system tape library without
executing a compilation to cstablish or update a punch card library of such subroutines.

MINIMUM HARDWARE CONFIGURATION

8,182 word memory
Card Reader

Card punch

Printer on plug 6

Magnetic tape handler 1 on plug 1
INPUT CARDS

To selecl particular subroutines for punching, a name card must be punched for each subroutine
desircd except as noted in the next paragraph, The format of the name card is as follows:

Columns 1-3 #OV

Columns 4-12 Left justified BCD name of desired subroutine. Note that some
subroutines have more than one entrance name. Only the
subroutines name may be used in a name card, and the entire
subroutine is always punched., For example, if the FAT
subroutine is desired, the FL'T subroutine must be requested.
(Sce list on page VIII-6.) Unused coluymms in the name field
should be blank. At present, only three characters are required
[or subroutine names, but nine columns arc allowed for possible
expansion and possible inclusion of segimments in the library.

Columns 13-19 PCH To cause punching of subroutines.
Columns 16-14 PRT To cause octal print of subroutines.
Columns 12-80 Blank

If a name card is followed by a card containing PCH in columns 13-13 and all other columns are
hlank, all subroutines following the last one named will be punched out.

Example:

Causes punching of TLT, 50T and
all subroutines following SQT.

I Ia
"iL”FDL iy GECOM-1]
slE T a5y OPERATIONS MANUAL
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SPLIT

The sequence of the input deck should be as follow s:

1. 1f all subroutines are to be punched:

w

One subroutine name card containing #OVABSAXAMMAPCH  in columns 1-156.

b. One card contains PCH in columns 13-13 with all other columns bxlank.
c. A standard end-of-file card.
d, Two blank cards.
2.  If subroutines are to be punched selectively:
a. Subroutine name cards in alphabetic order.
b. Optional card with "PCH" in columns 13-15 and all other columns blank to punch
all remaining subroulines.
¢, A standard end-of-file card.
d. Two blank cards.

QUTPUT CARDS

A label card iz punched immediately preceding cach subroutine. Columns 1-12 of the label card
contain the BCD name of the following subroutine. These label cards are used for identification
purposes only and should be remov ed prior to placing a subroutine in an object program.

Subroutine decks are punched in gtandard relocatable binary formal as described in Appendix C of
the GECOM-II REFERENCE MANUAL,

OPERATING INSTRUCTIONS

Maount GLCOM system tape on handler 1, plug 1.

Place input deck behind SPLIT deck, and load.

L. . GECOM-II
i, QPERATIONS MANUAL
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SPLIT

LIST OF OBJECT PROGRAM SUBROUTINES ON GECOM SYSTEM TAPE

HaME
ABS
APl
AP2
ART

EXP
FLT
FLX
FXL
FXFP
LOG
MI1
MI2
MI3
MTF

PBS
BIN
POG
PQT
PRET
PXP
R_C *
RCS
RLC

RPT
*RC
SIN
SQT
TYP
TY'}‘:
ZAM

h[e-225

ENTRANCES
ABS
APO, APC
APO, AFC
ART
AXP
EXP
FAD, UFA, FSU, UFS, FMP, FIV
FLX
FXL
FXP
LOG, LN
MIP, MIO, MIC
MIO, MIC
MIF, MIC, MIC
MTF
MTR
PES
PIN, POS
POG, FLN
POT
PRT
PXP
RC*
RCS

LMW
ZWB
ZNE
ZNF
A
ZNP
ZOR
Z0T
ZFR
ZEE
ZRP
Z8C
Z5F

ZUA
ZUE
Zus
AN
ZXL
ZZA
ZZB
ZZN
con

ENTRANCES
ZBB
ZBN, ZER

ZCB, ZBC, ZSG, 20T
ZFF, ZGG
ZFL
ZFN, ZRF
ZFR
ZIP, ZAP
ZLY
ZMY
ZMW
ZNB, ZNR
ZNE
ZKF
ZNN, ZIN
ZNP
ZOR
ZOT
ZPR
ZRE
ZRP
Z5C
Z5F
2858
ZUA
ZUR
ZUs
ZWM
ZXL
Z74
ZZB
ZIZW

False subroutine;
entrance

GECOM-1TII

OFERATIONS MANUAT,
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MISCELLANEOQUS SUBROUTINES

The subroutines below may be produced from a GECOM compilation, but they also exist outside
of GECOM cbject programs. For a description of the API Executive see CD225J4, 000; for
DSU/SIOS. (MIO) see CD225ES, 000: for *RC see Run Completion, BRIDGE II, CD225J1.001,

Subroutine Narme Description Length
APl API Executive
AP2Z Linkage to API Executive {when 4
API Open is given in Environment
Division)
NI DSUS/SIOS for 1 unit, 1 plag 450
MI2 Linkage to DSUS/SIOS {when MIO 4
enirance is given in Environment
Division)
MIi3 DSUS/ 5105 for multiple units and/or 650

multiple plugs
#*RC Run Completion Routine 84

-

J
)

(H_E,'DZ i GECOM -11
B]15 ) OPERATIONS MANUAL
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ARITHMETIC SUBRQUTINES

Calling Sequences to Arithmetic Library Routines

Conventions

All entries to the subroutines are made on Index Regisfer 1.
All subroutines prezerve the settings of index 2 and index 3, if they have occasion to use them,
The calling sequences to a subroutine may vary in length from 1 word to 4 words.

Binary peoints not specified in FXI® calling sequences are assumed to be 38,

Legend
EF1 Binary Point of first variable in calling sequence.
Br2 Binary Point of second variable in calling sequence,
Argl First variable in calling sequence (Argument 1},
Arg?2 Second variable in calling sequence (Argument 2).
AAT Auxiliary Arithmetic Unit,
CFU Central Processing Unit,

List of Arithmetic Subroutines is Order of Appearance in Manual

FXP Fixed Point Package

AXP Fixed Point Package (AAU version)

FLT Floating Point Package

FLX Floating Point to Fixed Point {Conversion Routine)
FXL Fixed Foint to Floating Point {Conversion Routine}
ARS Absolute Function {Floating Point AAT}

ART Arctangent Function (Floating Point AAT)

EXP Exponential Function (Floating Point AATU)

LOG Log to Base 10 Function (Fleating Point AAT)
LN Log to Base e Function {Floating Point AAT}

SIN Sine Function (Floating Point AAT)

COS Cosine Function (Floating Point AAT)

5QT Sqguare Root Function {Floating Point AAT)

FBS5 Absolute Function {Floating Point Package}

PRT Arctangent Function (Floating Point Package)
PXP Exponential Function (Floating Point Package}
POG Log to Base 10 Function (Floating Point Package)
FLN Log to Base e Function {Floating Point Package)
PIN Sine Function (Floating Point Package)

POS Cosine Function {(Floating Point Package)

PQT Square Root Function (Floating Point Package)

@E 5 22@ GECOM-I1
/) OPERATIONS MANUAL
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FXP

PURPOSE

The GECOM Fixed Point Package is used to perform double-precision arithmetic., In the package,
all operands are normalized before an operation takes place. The FXP pseudo accumulator

(2 words) is normalized after each operation.

USAGE

Calling Sequences

There are 28 calling sequences to FXP; five each for add and multiply, six each for subtraction and
division and six possible stores. The general calling segquence is as follows:

Operation Operand Index Remarks
DLD Argument 1 X Opticnal
SPB FXP 1 Fixed
:0.9.4 Argument 2 Y Present but Variable
oCT 08P2BP1 Optional
XXX Designates the operation code which is used to decide which calling

sequence is being used.

After a double-precision operation is performed, the result (in pseudo A-Q) may be used in the
next operation, If it is not, it is stored into cell blocks of 3 words, (designated (01, (02, etc.)
{rom which it will be used later. The first two words of a block contain the normalized number,
and the third word contains the binary poinf of the number. If the number is zero, the third word
containg the illegal binary scale (2000000)8. FXP tests all operands for zero, and makes an exit
when zero is encountered. Thus, it is seen that any single operation may involve a variefy of
operands.

Division and subtraction, for example, have the possibilities of:

1. 2 word (variable B. P.) GECOM Varizble - 2 word (V.B.P.) GECOM Variable

2 word (variable B, P.)} GECOM Variable - 3 word temporary ex. {01
4 word femporary (01 - 3 word temporary ex, {02
4 word temporary (01 - 2word (V.B,FP.} GECOM Variable

4 word Pseudo A-Q 2 word {V.B.P.) GECOM Variable

[ T &) I N % B

4 word Pseudo A-GQ - 3 word temporary (03

where asg addition and multiplication, being commutative, regard cases 2. and 4. above as identical.

If the operand iz in a 3-word temporary {designated {01) cell or in the pseudo A-Q, the binary point
is known. If this is not the case, the 4th word in the general calling sequence is necessary and
containg the BF of one or both of the operands as required. If division by zero is attempted, the
result is set to the largest possible positive fixed point number, Likewise, if the final regult of
any series of calculations is larger in magnitude than can be stored at the requested binary point,
the largest positive number which the requested scale can accommeodate is stored.

£ l'f_\l Y I,__I -
Ir:.’—:m 7915 GECOM-II
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The GAF operation code, beginning with the letter Z, is used,

December 1863
Page VIII-&

FXP

The 2 octal digits in the operation

code following the character Z are inserted into bits 3, 1-4 and the instruction is treated as an
LDA. Thus, Z01 or ADD will place the same bit configuration into bits S, 1-4 of the instruction.

All possible calling sequences follow:

Operation Operand Index Remarks

1., SPB FXP 1 EX. )
Z00 srp2 X
OCT QRP2000

2, DLD srgl 4 Ex.)
5PR FXP 1
Zoi Arg? T
OCT OBP2BP1

3. DLD Argl X Ex.)
SFB FXp 1
202 Argl Y
QcT OBP2BP1

4, GSFB FXP il
z03 EP1 (decimal)

5. SFB FXp 1
Z04 (01

6. DLD (o1
S5FB FXP 1 Ex.)
Z05 Arg? Y
0CT OBP2000

7. SPB F¥P 1
Z06 0

8§, DLD (01
SPB FXP 1 Ex.}
Z07 Argl2 ¥
0CcT OBP2000

9. SPB FXP 1 Ex.}
Z10 Arg? Y
oCT OBP2000

13, DLDE Argl X Ex.}
SEB FXP 1
Z11 (01
0CT 0000BP1

11. TDLD Argl X Ex.}
SPB FXP 1
z12 (01
ncT 0000BP1

o P

Pseudo A-0 + ALK
either Arg. in PAQ - cther not in temporary.

AKX + B,Y
Both 2 word operands

AX - B,Y
Both 2 word operands

3 word Pseudo A-Q to CPU
A-Q at specified B.P,

3 word temporary to hardware
A-Q, normalized and BP put into
address of location 3,1

{01/B,Y
Argl is a temporary cell and
Arg? is a 2 word cperand.

3 word Pseudo A-Q to CPU A-Q
and normalized.

(01 - B,Y

Pseudo A-Q - B,Y

4,%x + (0l ar Reverse

4% - (01

GECORM-IT

(A GG
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le - 44

Ry

OPERATIONS MANUAL



December 18963
Page VIII-10

EXP
Operation Operand Index Remarks
12. SPB FXP 1 3 word Pseude A-} ta 3
Z13 (01 word (01
13. SPB FXP 1 Floating Point wvariable in C,P.U,
Z14 9] A=-0Q 3-word normalized wvariable in
pseudo A-Q.
14. DLD Argl X EFx.) A,X * B,Y
3FB FXF 1
Z15 ArgZ Y
acT OBPZEPL
15. DLD Argl X Ex.) A,X/B,Y
SPE FXP 1
Zlh Arg? T
OCT OBPZEFL
16. SPB FXP 1 3 word Pseudo 4-0Q to C.P.U. A-Q.
Z17 0 Normalized and BP put into address
of loecation 3,1.
17. SPE FXP 1 Ex.) Pseudo A-Q + (01
Z20 (01
18. DLD Argl X Ex.) A,X % {01l or Reverse
SPE FXP 1
721 (01
0CT O000BRL
19. TDLD Argl X Ex.) A,X/fcol
SPR FXP 1
22z (01
ooT O000OBPL
2. 5PB FXP 1 Ex.) Pseudo A-Q - (01
223 (01
21, SPB FXP 1 Ex.) Pseudo 4-0Q / (01
Z2b 4]
22. SPB FXP 1 Ex.) Pseudo A-Q % (01
727 (0

IIHE“ NN GECOM-II
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FXP
Operation Operand Index Remarks
23. SPB FXP 1 Ex.) Pseudo 4-Q * B,Y
30 Arg2 ¥
ocT OBP200O0
24, DLD {01 Ex.) (01 + (02
SFE F{P 1
Z31 (02
25, DLD (0l Ex.) (01 - {02
SFB FXP 1
732 {02
26. SPB FXP 1 Fx.) Pseundo A-Q / B,Y
233 Arp? Y
oCT OBE2000
27. DLD (01 Ex.) {01 * (02
SFE FXP 1
z35 (02
28, DLD (01 Ex.)  (01/(02
SPE FXP 1
Z236 (02
CONVENTIONS
Memory locations used: 413
SUBROQUTINES REQUIREL: None
./?!?m L“;@F\ GECOM-IT
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AXP

AXP - Fixed Point Package for AAU Machine
PURPOSE

This version of the GRCOM fixed point package saves memory space by using the AAU for
multiplies and divides. It is not significantly faster than FXP, however,

USAGE

See FEP

CONVENTIONS

Memory locations nsed: 382,

SUBROUTINES HEQUIRED: None

l."l'“ll'_J‘ ’EI o Cﬁ\m ,‘?\1 CECOM-II
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FLT

FLT - Floating Point Package
PURPOSE

To simulate the funciion of the AATU in performing floating point arithmetic operations, Input is
found and output is left in floating point mode in the A and Q registers of the CPT.

USAGE

Calling Sequence

Operation Operand Tndex Remarks

1. ©DLD Argl X Performs a floating point addition of Argl,
SPR FAD 1 X to Arg?2, Y and leaves the floating point
DLD Arg2 ¥ sun in hardware (not 3AU) 4-Q. Result is

normalized.

2., DLD Argl X Same as above but subtrvaction is performed.
SFB FSy 1
DLD Arg2 Y

3. DLD Argl X Same as above but multiplieation is performed.
SFPB FMP 1
DLD Arg2 Y

4, DLD Argl X Same as above but division is performed.
SPB FDV 1
DLD Arg2 Y

5. DLD Argl X Performs a floating peint addition of Argl, X
3PB UFA 1 to Arg?, Y and leaves the floating point sum
DLD Arg? 'Y in hardware {not AAU) A-0. Result is left

unnormaliged.

6. DLD Argl X Same as above but subtraction is performed.
SPB UFS 1
L Arg2 Y

Note: 1If argl is already in the & and Q registers of the central processing unit, the
initial DLD instruction will not be present.

CONVENTIONS
Memory locations used: 440

SUBRCUTINES REQUIRES: None

@EDZZS CECOM-II
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FLX

FLX - Floating Point to Fixed Point Convergion
PURPCSE

To convert a floating peint number located in the A and Q registers of the CPU to a fixed point
number left in the same registers.

USAGE

Calling Sequence (BFI1 iz binary point of output)

Operation Operand Tndex
SFB FLX 1
L.DA BF1
XXX Normal BReturn
CONVENTIONS

Incorrect scaling (trving to convert a floating point number to a fixed peint number which will
result in truncation of most significant bite) yields a zero in the A and Q registers of the CPT,

Memory locations used: 352,

SUBROUTINES REQUIRED: None

@E’Gﬁgzg GECOM-II
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FXL

FXL - Fixed Feoint to Floating Point Conversion
PURPOSE

To convert a fixed point number located in the A and @ registers of the CPU to a floating point
number left in the same registers.

USAGE

Calling Sequence (BP1 iz Binary Point of Input}

Oparation Operand Index
SPE FXL 1
LD4& BP1
XXX Normal Return
CONVENTIONS

Memory locations used: 45

SUBROUTINES REQUIRED: None

@ED225 GECOM-II
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ABS - Absoclute Function

PURPOSE

November 1962
Page VIII-15

ABS

To convert a floating point number located in the Auxiliary Arithmetic Unit A register to a posi-

tive floating point number left in the same register,

USAGE

Calling Sequence

Operation Operand Index
SPB ABS 1
X Normal Return
CONVENTIONS

Memory locations used; @

SUBROUTINES REQUIRED: None

GECOM-1TI
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ART

ART - Arctangent Function

FURFPOSE

To determnine the Arctangent (in radians) of any argument X, Y = ART X where X ag input and
Y as output are both in the floating point mode, Input is found and output is left in the AAT A
register.

METHOD

A 156th degree polynomial approximation is used to compute Arctangent X.

7 1 2i+1

+ b2 c (=)
i=0 2142

™
ART X = Z

All floating point arithmetic cperations are performed using AAU instrucuons,
USAGE

Calling Sequence

Qperation Operand Index
SPB ART 1
X Normal Returm
CONVENTIONS

Memory locations used: T4

SUBROUTINES REQUIRED: None

@ED225 GECOM -II
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EXP - Exponential Funetion

PURPQOSE

To compute the result of e being raised to any input.

November 1962
Page VIII-1T

EXP

¥ = eX where X as input and Y as output

are both in floating point mode. Input is found and output is left in the AAU A register,

METHOD

A 8th degree polynomial approximation of 2% jg used to calculate e¥ of any number,

All floating point arithmetic operations are performed using the AAU ingtructions.

USAGE

Calling Sequence

Operation Operand Index
SPB EXP 1
XXX Normal Return
CONVENTIONS

Memory locations used: 98

SUBROUTINES REQUIRED: None

GECOM-TTI
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LOG
LN

LOG - Logarithmic Function - Base 10
IN - Logarithmic Function - Base e

FURPOSE

To take the log (hase 10 or base e) of any positive arguments., Y = LOG X or ¥ = LN X where X
ag input and Y as output are both in floating point mode. Input is found and output is left in the
AAU A register,

METHOD

A Tth degree polynomial approximation is used to calculate the logarithm to the base 10 or base e
of any positive number. All floating peint arithmetic operations are performed using AATU in-
structions.

USAGE

Calling Sequences

Operation Qperand Index
EFB LOG 1
base 10
h6.0.4 Normal Return
SPB LM 1
hase &
XX Normal Return
CONVENTIONS

A negative or 0 argument results in the largest floating point number possible being left as the
result,

WMemory locations used: 97

SUBROUTINES REQUIRED: None

| Emﬁzlﬁ GECOM-II
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SIN
cos

SIN -~ Sine Function
COS - Cosine Function

TURPOSE

To determine the Sine or Cosine of any argument X (in radians), ¥ = SINE X or ¥ = COSINE X
where X as input and Y as output are both in the floating point mode. Input is found and output is
left in the AAT] A register,

METHOD
A 9th degree polynomial approximation is used to compute Sine X. The argument must be in

radians and is reduced to the proper guadrant equivalent before computation of the function. COS
X is computed from SIN X = COS (W/2 - x) {in radians),

2

ml:::[

stv (L gy o ((((C9RZHCT) XT4C5) TH4C3) Xo4Cl) X4X

All floating point arithmetic operations are performed using AAU instruetions,
USAGE

Calling Sequences

Operation Operand Index

SPB 5IN 1
Sine

TN Wormal Return

SPB Cos 1
Cosine

X Wormal Return

CONVENTIONS

Memory locations used: 87

SUBRCUTINES REQUIRED: None

@ED22§ ' GECOM-11
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SQT

5@T - Square Root Function
PURPOSE

To take the square root of a fleating point argument which is located in the AAU A register and
leave the result in the AAT] A register.

METHCD

A Newton-Raphson iteration is applied four times to compute the square root of any pesitive
number:

ie. ¥ = 172 (%—‘i}-a(m)

where ¥i is the initial approximation
All floating point arithmetic operations are performed using the AAT instructions
USAGE

Calling Sequence

Operation Operand Index
SFB sQT 1
®ix Normal Return
CONVENTIONS

A negative argument results in the largest floating point number possible being left as the result,
Memory locations used: 50

SUBROUTINES REQUIRED: None

@ED225 GECOM-11
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"PBS - Absolute Function

PURPOSE

November 1262
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FBS

To convert a floating point number located in the ceniral processing unit A and Q registers to a

positive floating point number left in the same registers,

USAGE

Calling Sequence

Operation Operand Index
SPB PBES 1
¥XX Normal Return
CONVENTIONS

Memory locations used: 23

SUBROUTINES REQUIRED: None

GECOM-IT
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FRT

FRT - Arctangent Function

PURPOSE

To determine the Arctangent (in radians) of any argument X. Y = Art X where X as input and ¥

as output are beoth in the fleating point mode,
gisters of the central processing unit.

METHOD

A 15th degree polynomial approximation is used to compute Arctangent X,

7 2141
N &1,

i=0 2i+2

ART X =

Input is found and cutput is left in the A and Q re-

All floating peint arithmetie operations are performed using FL'T (floating point package).

USAGE

Calling Sequence

Operation Operand Index
SPB BRT 1
H¥XK Wormal Return
CONVENTIONS

Memory locations used: 102

SUBROUTINES REQUIRED: FLT

GECOM-TIT
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PXP

I’ P - Exponential Function

FURPFQOSE

To compute the result of e being raised to any argument. Y = e” where X as input and ¥ as output
are both in floating point mode. Input is found and output is left in the central processing unit A
and @ registers.

METHOD

A 9th degree polynomial approximation of 2% ig used to calculate e® of any number.

ATl floating point arithmetic operations are performed using FLT {(floating point packagel.

USAGE

Calling Sequence

Operation Operand Index
SPB PXP 1
608 Rormal Return
CONVENTIONS

Memory locations used: 107

SUBROUTINES REQUIRED: FLT

{’?JFD&“@IJ_E GECOM-11
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POG
PLN

POG - Logarithmic Function - Base 10
PIN - Logarithmic Function - Base e

PURPOSE

To take the log {base 10 or base e} of any positive argument, Y = LOG X or Y = LN X where X
as input and Y as output are both in the floating point mode. Input is found and output is left in
the A and @ registers of the central processing unit,

METHOD

A Tth degree polynomial approximation is used to calculate the logarithm to the base 10 or base e
of any positive number. All fleating point arithmetic operations are performed using FLT {float-
ing point package}.

USAGE

Calling Sequences

Operation Opetrand Index
SFB POG 1
base 10
XXX Mormal Return
S3PB PLW 1
baszse ¢
XX Normal Return
CONVENTIONS

A regative or 0 argument results in the largest floating point number possible being left as the
result.

Memory locations used: 114

SUBROUTINES REQUIRED: FLT

GECOM-IT
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PIN
POS

PIN - Sine Function
1205 ~ Coszine Function

PURFOSE

To determine the Sine or Cosine of any argument X (in radiang). Y = Sine X or ¥ = Cosine X
where X as input and ¥ as output are both in the floating point mode. Input is found and ouiput
ig left in the A and @ registers of the central processing unit.

KMETHOD

A Btk degree polynomial approximation is used to compute Sine X, The argument must be in

radians and is reduced to the proper quadrant equivalent before computation of the function,
Cogina X is computed from ~--

SIN X = COS (W /2 - X) (in radians)

SIN ¢ gfx} = ((((09x2+c7) x2+c5) x2+cs) x2+cl) X
All floating point arithmetic operations are performed using FLT (ficating point package).

USAGE

Calling Seqguences

Operation Oparand Index
_ " SPB PIN 1
Sine
p:6.0 8 MNormal Return
| 5PE POS 1
Cosine
§ WX Normal Return
CONY ENTIONS

- Memory locations used: 117

SUBROUTINES REQUIRED: FLT

GECOM-1I1
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FPQT

PQT - Square Root Function
FURDPPOSE

To take the square root of a floating peint argument which is located in the A and @ registers of
the central processing unit and leave the result in the same registers.

METHOD

A Newton-Raphson iteration is applied four times to compute the square root of any positive
nummber.

; . _ ARG .
i.e. Yitl = 1/2 (--—Yi + ¥i)
where Yi is the initial approximatiom
All floating point arithmetic operations are performed using FLT (floating point package).

USAGE

Calling Sequence

Operation Operand Index
SPB POT 1
Lo.0.8 Normal Return
CONVENTIONS

A negative argument results in the largest floating point number possgible being left as the result.

Memory locations used: 50

SUBROUTINES REQUIRED: FI.T

@ED@@E GECOM 11
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MOVE /CONYERT SUBROUTINES

Calling Sequences to Ohject Program Move /Converi Subroutines

Individual descriptions of the GECOM object library routines follow Legend below. No attempt
has been made to describe the "inuer'' routines that ars not used independently. These are Z5C,

ZzOT, ZCB, and ZOR.

Conventions

(

1. Input or source address is assumed to be in index register 3 unless the calling

sequence denotes the input address,

2, Output or destination address is assumed to be in index register 2 unless the
calling sequence denotes an output address.

3. All subroutines preserve the setftings of index 2 and index 3.
4, A1l entrances to the subroutine are made index 1,

The calling sequence to a subroutine may vary in length by 1 depending on
whether an input or cutput address is specifizd,

o

6. Bit positions not specified in the calling sequences must be zero,

Legend

D decimal point indicator. 1 = an actual point in the BCD field. If both
fields are BCD {input and output}, the indicator specifies the output
condition. 0 = no actual point.

C commasa indicator. 0 = no copumas in the output field., 1 = 1 commma,
10 = 2 commad,

I input indicator, 0 = input address iz part of calling sequence. 1 =
input address is in index regisier 3.

) output indicator, 0 = output address is part of calling sequence.
1 = output address is in index 2,

sCP Input starting character position {1, 2, 3},

SCFOT output starting chavacter positicn (i, 2, 3}

NI number of input characters.

NCO number of output characters,

F3 input field size, i.e., number of BUD information characters not

counting decimal point or separate sign positions.

) OPERATIONS MANUAL
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F3QT
Ds
DSQT
BS
BSQT

ECP

EDIT

NEC
N2
QT2

T3

NSW

N5W1
NEWZ
NSW3

NSWQT

output field size neot counting decimal point, separate signs, or edit
characters.

input decimal scale = the number of characters before the decimal
point (assumed or actual} not counting a separate sign position.

output decimal scale = the number of characiers before the decimal
peint (assumed or actual) not counting separate sign positions or
edit characters.

input binary scale.

output binary scale,

input ending character position (I, 2, 3}.

edit type code:

0000 = np edit 0110 = ={ill
0001 = zero suppression 0111 = complete zero suppression
0010 = floating $ 1000 = Floating -
0011 = fixed 3 1001 = Floating +

©-0100 = fixed $ and zero suppression 1010 = fixed $ and complete zero
0101 = fixed § and * fill guppression

number of characters to edit, if editing, = number of edit symbols + 1

that appear in the Data Divigion. (Do nat add +1 for floating $ or sign.)
eFore Full Sppoe

a value equal td 15 ~number of input integer positions including any

separate leading sign. &FXPRESS jar OCTAL - :
- BEFoRE Fallsror

a value equal tol 155=number of output integer positionsV]‘_ncluding fixed

$ and separate leading sign. £X/Re3S su oCTRL

cutput type sign indicator:

0000 - no sign 4100 - trailing - 10040 - tratling R
0001 - leading + 0101 - leading I 1010 - irailing CR
0010 - trailing + 0110 - trailing I 1100 - trailing DB
0011 - leading - 0111 - leading R

the number of words increment between one input field and the next field;
that is, the increment from the word containing the SCP of a field to the
word containing the SCP of the next field,

NSW1 = NSW from fields 1-2, 4-5, 7-8, ,....

NBW2 = NSW from fields 2-3, 3-8, 8-9, .....

NSW3 = NSW from fields $-4, 6-7, 9-10, .....

the number of increment words between the SCF of one output field and
the SCP of the next cutput field,

GECORM-II
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NSWOT1T NSWOTI

NSWOT from fields 1-2, 4-5, 7-§, .....

NSWQT2 NSWQT2

NSWOT from fields 2-3, 5-6, 8-8, .....

NSWQTS NSWQT3 = NSWQT {rom fields 3-4, 6-T7, 9-10, ..... .
SCP1 input starting character position for fields 1, 4, 7, .....
SCP2 input starting character position for fields 2, 5, 8, .....
SCF3 input starting character position for fields 3, 6, 9, .....
ECP1 input ending character position for fields 1, 4, 7, .....
ECPZ input ending character position for fields 2, 3, 8, ..... .
ECE3 input ending character position for fields 3, 6, 9, .....
SCPOTI cutput gtarting character pesition for fields 1, 4, 7, .....
SCPGT2 output starting character position for fields 2, 5, &, .....

SCFP@T3 output starting character position for fields 3, 8, 9, .....

List of Move/Convert Subroutines in Order of Appearance in Manual

ZBN Binary to BCD

ZZB Repeated Binary to BCD

ZNN BCD Numeric to BCD Numeric with Editing { One or Both Fields Packed)
ZZN Repeated BCD Numeric Moves with Editing {Both Input and Output Unpacked)
ARR) Repeated BCD Moves with Editing

ZFF Floating Point to Free Form Numeric BCD

ZNE Repesated Floating Point to BCD Free Form Numeric

ZFN Floating Point to Numeric with E Description

GECOM-11
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ZERE
ZNB
ZRP
ZUA

LMV
ZMW

ZWM
ZIP/ZAP
ZNF

ZFR
ZNF

ZPR

ZBB
MTR
ZAM
ZZA

zZUR

ZLX
ZXL,

RPT
Z38or ZSF
MTF

ZFL

Repeated Floating Point to Numeric with B
BCD to Binary

Repeated BCD i¢ Binary

Word Moves

Hardware Move
Repeated, Non-gequential Word Moves Using theé MOVE Hardware

Repeated, Non Sequential Word Moves

Character Move

BCD to Fleating Point

Repeated Numeric and Numeric with E to Floating Point

ECD tc Fleating Point

Repeated BCD to Floating Point

Binary to Binary

Truncaie and/or Round Binary Fixed Point Numbers

BCD to BCD

Repeated BCD to BCD

Repeated BCD to BCD

Repeated Move Fioating Point Binary to Fixed Peint Binary Numbers
Repeated Move Fixed Point Binary to Floating Point Binary Numbers
Repeated Move

Fields Separated by Commas

Move to True-False Variables

Move and Fiil
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ZBN

ZBN - Binavy to BCD

PURTOSE

Ta convert a one word or two word binary number to BCD with provision for editing.
USAGE

Calling Sequence

QOperaticn Operand Index
LPE ZEN 1

or 2. SCPOT NCO

fepr CWEC D c TS I | 1
MWl FSOT~DSOT 38-BS

INPUT ADDRESS, ILF NEEDED

NWl - number of binary words. 001 = 1 word, 000 = 2 words.

Example:

Move a one word binmary fleld (bimary scale of 15) at SORCE to DEST with
4 description of $Z2ZZ9.99 and a starting character position of 2.

Operation Operand Index Remarks
LDA DEST
LDX *-1 2 Destination addressz into index 2
SPB ZBN 1
oCT 0122010
OCT 0404400
OCT 0010227
LDA SORCE Input address
CONVENTIONS

Memory locations used: 87

SUBROUTINES REQUIRED: ZCB, ZSC, ZCR

GECOM-TI1
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Z7Z8

ZZB - Repeated Binary to BCD

FURPOSE

To convert repeated binary fields to BCD as in ZBN.
USAGE

Calling Sequence

Operation Operand Index

SPR ZZB 1

Parameter words as in ZBN, followed by:

$ 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 17 18 19

SCPOT1 NSWOT3 SCPOT3 NSWOT2 SCPOT?2 © NSWOT1

Number of Eields

Example:

Move two word binary fields (binary scale of 19) to BCD fields with a
description of 9999.9999-, The input address 1s in index 3 and the
destination address is in index 2. ‘The move is to be done 16 times.
The first output starting character position is 3.

Operation Operand Index

SPB ZZ8 1
OCT 0133012

ocT 4000421

oCT 0000422

OCT 0332314

DEC 16

CONVENTIONS

Memory locations used: 5l

SURROUTINES EEQUIRED: ZBN and its associated routines,

(%Emﬂj\wﬂ;}h CECOM-II
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ZNN
ZNN - BCD Numerie to BCD Numeric with Editing,
FURFPQOSE
To move a BCD numeric field to BCD numeric with editing.
USAGE
Calling Sequence
Operation Operand Index
SPB ZHN 1
g 1 2 3 & %5 6 7 8 & 10 11 12 13 1a 15 16 17 18 19
w2 3cy ECF#* NCI
oT2 SCPOT WCO
[ EDIT NEC D C TS
* only if trailing sign
Example:
Input description 9{(5)V99R SCP iz 1. TInput address is index 3.
Output description +999,999.999 SCPOT is 3. Destination address in index 2.
Operation Operand Index
S5PB ZNN 1
oCT 0121210
nCcT 0103014
{cT CO00504
CONVENTIONS
Memory locations used: 94
SUBROTUTINES REQUIRED: ZCB
(O[5 o DI . GECOM -11
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ZZN

ZZN - Repeated BCD Numeric Moves with Editing. (One or Both Fields Packed)
FURPOSE

To move repeated BCD numeric fields,

USAGE

Calling Sequence

Operation Operand Index
SFB ZZN 1

Parameter words as in ZNN followed by:

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 14 17 18 1%

SCP1 '*ECF1 SCP3 *ECP3 SCP2 *ECP2
SCPOT1 SCPOT3 SCPOT2
WSWOT3 HEW3 WSWOT2 NsW2 NSWOT1 HSW1

NUMBEER OF FIELDS

* only if input has trailing signs

Example:

Input description +9 B8CP is 2. Input address is in index 3,

Output Description 99+ SCPOT is 1, Destination address is in index Z.

Operation Operand Index Remarks

SPB ZZN 1

OCT 0152002

OCT 0151002

OCT ouoooaa

OCT 0203010

OCT 0101010

OCT 0111011

DEC 15 15 fields to move

CONVENTIONS

Memory locations used: 68

SURROUTINES REQUIRED: ZNN and its assoclated routines.

GECOM-TI
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ZUS
71’8 - Repeated BCD Moves with Editing {Both Input and Output Unpacked)
NSAGE
Calling Sequence
Operation Operand Index
SPE ZUs 1
Parameter words as in ZNN followed by:
$ 1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16 17 18 19
NSWOT N5# NUMBER OF FIELDS
Example:
Input description-unpacked, 99%+ SCP is 3. Input address in index 3.
Qutput description-unpacked, 99991 SCP is 2. Destination address in
index 2. Move § fields
Operation Operand Index
5PB Zus 1
OCT 0143304
oCT 0122005
OCT 0000030
0cT 8220005
CONVENTIONS
Memory locations used: 37
SUBROUTINES REQUIRED: ZNN and its associated routines.
£ VA 1
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\_ﬂ - (5 v OPERATIONS MANUAL



April 1963
Page VIII-36
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ZI'F - Floating Point to Free Form Numeric BCD,

PURPOSE

To couvert a two word floating point number to BCD numeric with provisions for editing,
USAGE

Calling Sequence

Operation Operand Index
SPB ZFF 1

§.1 2 3 4 5 6 7 & & 10 11 12 i3 14 1% 16 17 18 19

oT2 SCPOT NCO

EDIT [ NEC p | ¢ | TS | |1
FSOT-DSOT

INPUT ADDRESS, IF NEEDED

Example:

Convert & floating point to BCD format 999999, 9+ where output starting
character positien fs 3. 1Index 3 contains the input address. Index 2
contains the destination address.

Operatlon Operand Index
SPB ZFF 1
ocT 0113011
acT 0000411
0cT 0000001
CONVENTIONS

Memory locations used: &0

SUBROUTINES REQUIRED; ZCB, ZSC

@Egz/qg GECOM -1I
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ZNE - Repeated Floating Point to BCD Free Form Numeric.
PURPOSE

To convert repeated floating point fields to BCD as in ZFF,
USAGE

Calling Sequetice

Operation Operand Index
3SFB ZNE 1

Parameter words for ZFF followed by:

$ 1 2 3 4 % 6 7 8 9 10 11 12 13 14 15 16 17 18

SCPOT1 | WSWOT3 SCPOT3 NSWOT2 SCPOT2 NSWOT1

NUMBER OF FIELDS TO MOVE

Example:

Mowve 27 fields to unpacked destination description of -999%. Source

address is FLIY, destination address in index 2.

Operation Operand Index
SPB ZNE 1
ocT 0122005
oCcT 0000014
OCT 0000000
LD& FLTY
oCT 0222222
DEC 27
CONVENTIONS

Memecry locations used: 48

SUBROUTINES REQUIRED: ZFF and its associated routines.

.
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ZFN

ZFN ~ Floating Point to Numeric with E Description

PURPOSE

To convert a two word fleating point number to the BCD E descriptien,
USAGE

Calling Sequence

Operation Operand Index

SPB ZFN 1

§ 1. 2 3 & 5 6 7 8 9 10 11 12 13 14 15 .16 17 18 19

T2 SCPOT NCO
NCE EIS D | I TS | I I
INPUT ADDRESS, IF NEEDED

ETS8 « type sign of exponent. 000 =+, g0l = -,

NCE - number of characters in exponent description. (1 or 2).

Example:

Convert the floating point number at RIGGED, Destination description
is T.99999E+? with 2 starting character of 1. The destination address
is in index 2.

Operation Operand Index
SPB ZFN 1
acT 0161011
ocT 0010424
Lba RIGGED
CONVENTIONS

Memory locations used: 118

SUBROUTINES REQUIRED: ZCB, ZSC

@EDZZR GECOM-II
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ZRE
ZRE - Repeated Floating Poeint to Numeric with E.
PURFPCSE
To convert repeated floating point numbers to BCD numeric as in Z¥N,
USAGE
Calling Sequence
Operation Operand Index
SFB ZEE 1
Parameter words as in ZFN followed by:
§ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
SCPOT1 NSWOT3 SCPOT3 NSWOT2 SCPOT2 NEWOT1
WUMBER OF FIELDS TG MOVE
Example:
Convert 3 fleoating point fields (address in index 3) to & destination
(in index 2} description of +9.99999E-99, designated as unpacked,
(i.e., SCPOT=2)
Operation Operand Index
SPB ZEE 1
OCT (1152013
oCT 00214035
0cT 0232323
DEC 3
CONVENTIONS
Memory locations used: 46
SUBROUTINES REQUIRED: ZFN and its associated routines,
GECOM-II
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ZNB

ZNB - BCD to Binary

PURIPOSE

To convert a BCD field to one or two word binary.
USAGE

Calling Sequence

Operation Operand Indexs
SPB ZNB L

A plofLls € P|RCP* 5TS NCI
DE-FS
BSGT-38

OUTPUT ADDEESS, IF WEFRDED

*% Not including & scparate trailing sign
* Only 1f there is a trailing sizn

STS - Separate Trailing Sign imdicator (noct an averpunch}.
001 = Separate Sign; 000 = Yo Separate Sign

4 - Number of Binary wovrds. 0 =2, 1 = 1.

L - Input leading Sign Indicator. O = Mo, 1 = Yes.

Example:

Convert a BCD field (address in index 3) with the description 999V9R
to a two word binmary number (scale of 19) and store at ENDIT. The input
starting character position is Z.

Operation Operand Index
SFB ZNB 1
oCT 0221006
oCcT 3777776
OCT 3777755
LDA ENDIT
CONVENTIONS

Meraory locations used: 343

SUBROUTINES REQUIRED: ZSC

i

=
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ZR 17 =~ Repeated BCT to Binary

PURTOSE

To convert repeated BCD fields to binary as in XNB,
USAGL

Calling Seguence

Operation flpetrand Index

ST'B ZRP 1
Parameter words as in ZNB, followed by:

s 1 2 3 &4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SCPL ECP1* SCP3 ECP3* 5CP2 ECP2*
NSW3 NEW2 NEW1
NUMBER OF FIELDS TO WMOVE

* only if there is a trailing sign on input.

Example:

Convert a BCD image of -99999.999 repeated 13 times to one word binary
(scale of 19) and store starting at TLSIT. The input starting character
is 2. The input starting address is 1o index 3.

Operation Operand Index

SFB ZRFP 1

0CT 2520012

OCT 3777775

OCT 3777755

LDA T1SIT

oCT 0201030

acT 0000343

DEC 13
CONVENTIONS

Memory locations used: 69

SUBROUTINES REQUIRED: ZNB and iis requirements.
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ZUA - Word Moves

PURFPOSE

To move a specified number of words, with provision for handling leading and trailing char-
acters,

TUBAGE

Calling Sequence

Operation Operand Index
SPB ZUA 1
s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
NL NT NUMBEER OF FULL WORDS TO MOVE

NL - Number of extra leading characters.
00 = none, 01 = 1, 10 = 2.

NT = Number of extra trailing charactere.
00 = none, 01 = 1, 10 = 2,

Example:

Move a field of description +999,9999 to
both have a SCP of 2. Output address is
in index 3.

a field of same description;
in index 2; input address is

Operation Operand Index
EFER ZlA 1
OCT 0220002
CONVENTIONS

The number of full words to move must be 21, See ZIP/ZAP,
Memory locations used; 88,

SUBROUTINES REQUIRED: ZIP

GECOM-II
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ZMV - Hardware Move

PURPOSE

April 1963
Page VIII-42-a

ZMV

To move a specified number of words using the MOV instruction, with provision for handling

leading and traijling characters.
USAGE

Calling Sequence

Operation Operand Index

SPB ZMV 1

s 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18

19

HL NT NO. OF FULL WORDS TO MOVE

NL - number of extra leading characters. 00=none, 01=1, 10=2.

NT - number of extra trailing characters. OO0=none, 01=1, 10=2.

Example:

Move a field of description 999999/999 - to a field of the same

description; both have an SCP of 1. Output address is in index 2;

input address is in index 3.

QOperation Operand Index
SPB ZMV 1
ocT 0020003
CONVENTIONS

The number of full words to move must be 21, See ZIP/ZAP.

Memory locations used: 42

SUBROUTINES REQUIRED: ZIP

GECOM-11
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ZMW - Repeated, Non-sequential Word Moves Using the MOVE Hardware
PURPOSE

To do repeated word moves where the fields are displaced by some fixed amount,
USAGE

Calling Sequence

Operation Operand Index

SPR ZMW 1
Parameter word for ZMV followed by:

5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

NSWwgT NS W
NUMBER OF FIELDE TO MOVE

CONVENTIONS

Memory locations used: 30

@EDZZS GECOM-II
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ZWhI - Repeated, Non Sequential “Word Moves

FPURFPOSH

November 1962
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Z\WM

To do repeated word moves where the fields are displaced by some fixed amount.

USAGE

Calling Sequence

Operation Operand Index
SPB Z WM 1

Parameter words for ZUA followed by:

s 1 2 3% 4 5 & 7 8 9 10 11 12 13 14 15 16 17

18

—I NEWOT NEW

NUMBER OF FIELDS TO MOVE

CONVENTIONS

Memory locations used: 32

GECOM-II
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ZIP/ZAP

ZIP/ZAP -~ Character Move

FURPOSE

To move from a source field to a destination field where the starting character positions are the

same and NCWOT s NCW.
USAGE

Calling Sequence

The calling sequence depends on the starting character positions and the number of characters

to move,
SCP No. of Characters Calling Sequence
Operation Operand Index
1 1 LD4 ZER
SPB ZIF 1
1 2 LDA 201
SPB ZIp 1
2 1 LDA Z0Z
SPB ZIP 1
2 2 LDA Z03
SPB Z1p 1
2 3 LDA Z03
SPB ZAP 1
LDA ZER
2 & LDA 203
SFE ZAP 1
LDA z01
3 1 LDA Z04
i} SPB ZIP 1
3 2 LDA Z04
SPR ZAP 1
LDA ZER
3 3 LDA Z04h
SPB ZAP 1
LDA Z0L.

Whenever ZAP is used, index register 2-and 3 are incremented by 1 before return is made.

Mote that ZUA ig used for starting character pogitions and number of characters not mentioned

above,
CONVENTIONS
Memory locations used: 32

SUBROUTINES REQURED:

Mone

GECOM-IT
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ZNF - BCD to Floating Point

PURFPOSE

November 1962
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ZNF

To convert BCD numeric with E and free form BCD numeric to floating peint, using the floating

point hardware,
USAGE

Calling Sequence

The calling sequence takes two forms - one for numeric with E, and one for free form numeric.

1. Example using numeric with E:

$ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
BE|DjO|LJSCP ECP* TS NCM
C SEC EC FLD

{UTPUT ADDRESS, IF NEEDED

% only if there is a trailing input sign

where:
B - always 1.
L - 1 = leading input sign

STS - 001 = a separate trailimg sign, i.e., a separate sign position
at the end and not an overpunch.

NCM - number of characters in mantissa, including any decimal point or
separate leading sign.

c -~ always 001.

SEC - starting character position of the exponent sign (1,2,3).

EC - number of exponent characters (1,2).

FLD - 1 minus the field size as a paositive {absolute)} value where field
size is the number of mantissa information characters, not includ-
ing separate leading sign or decimal point,

Example;

Convert a field with the description -9.99999E+9% to floating point.

The input address is in index 3; the

is in index 2.
Operation
SPB
0cT
oCcT

input SCP is 2.

Operand Index
ZNF 1
1720010

0011205

The output address

GECOM-II
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ZNF

2. Example using free form numeric:

Operation Operand Index
SPE ZNF 1
s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
BlD|C|L|[S8 C P| ECP* 8TS NCI##
DS-FS8

QUTPUT ADDRESS, IF WEEDED

# only if trailing sign

*% not including a separate trailling sign

Example:

Convert a field with a deseription 9999V99+ to floating point and store
at FLOATY. The input address i{s in Index 3, and the starting character

position is 1.

Operation Operand Index
SPB ZNF 1
0oCT 1011106
ocT 3777776
Lba FLOATY
CONVENTIONS

Memory locations used: 142

SUEROUTINES REQUIRED: FXIL, ZNB, Z5C

GECOM-II
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USAGE
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ZFR
ZFR - Repeated Numeric and Numeric with E to Floating Point
PURFQOSE
To convert repeated fields from BCD to floating peoint as in ZNF.
Calling Sequence
1. Example using numeric with E.
Operation Operand Index
SPE ZFR 1
Parameter words as in ZNF, followed by:
£ 1 2 3 &4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18 19
SCP1 SCP3 SCP2
SECL NSW3 SEC3 WSW2 SEC2 ¥SW1
WUMBER OF FLELDS TO MOVE
where SEC1, SEC2, SEC3 are the first, second, and third starting
character positions of the exponent signs.
Example:
Convert 5 sequential fields of the description RV99999E-9 to floating
point. The input starting character positiemn is 3. The input address
iz in index 3 and the output address is IDELA,
Operation Jperand Index
SPB ZFR 1
0ocT 1130006
0CT 0013105
LDA IDELA
0CT 0301020
OCT 0321323
DEC 5
GECOM-=-II
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ZFR

2. Free form numeric.

Operation Operand Index

SPR ZFR 1

Parameter words as in ZNF, followed by:

s-1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19

SCF1 ECPl* SCP3 ECP3¥ 3CP2 ECP2¥*
NSW3 NSW2 NSW1
NUMBER OF FIELDS TO MOVE

* only 1f trailing sign - otherwise zeros

Example:

Convert 7 fields with a description of +99,9999 to floating point. The
output address is in index 2, input address in index 3 and the starting
character position is 1.

Operation Qperand Index
SPB ZFR 1
QCT 1710010
ocT 3177174
0CT 0102030
0CcT 030302
DEC 7
CONVENTIONS '

Memory locations used: 75

SUBROUTINES REQUIRED: ZNF and its requirements.

@ED ,2@ GECOM-11
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ZNP

ZNP - BCD to Floating Point

PURPOSE

To convert BCD numeric with E, and free form BCD numeric to floating point, using the floating
point package.

USAGE

Calling Sequence

Operation Operand Index
SPB ZNP 1

Parameters as in ZNF.

CONVENTIONS
Memory locations used: 146

SUBROUTINES REQUIRED: FLT, FXL, ZNB, ZSC.

o 2@ GECOM-11
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ZPR

ZFPR - Repeated BCD to Floating Point

PURPOSE

To convert repeated BCD fields to floating point as in ZNP,
USAGE

Calling Sequence

gperation Operand Tndex
SPB ZPR 1

Parameter words as in ZNF, followed by parameter wovds as in ZFR.

CONVENTIONS
Memeory locations used: 75

SUBRCUTINES REQUIRE: ZNP and its requirements,

@FDZQR GECOM -11
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ZBB - Binary to Binary

PURPOSE

April 1963
Page VIII-51

zZBB

To move a one or twoe word binary number to a one or two word binary number with provision for

changing field size, decimal scale, and binary scale.
USAGE

Calling Seqguence

Operation Operand Index
SPB ZBB 1 .

$ 1 2 3 4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18 19

FS$ DS BS
FSOT DSOT BSOT
s[rfo| [u|w NUMBER OF FIELDS TO MOVE
INPUT OR OUTPUT ADDRESS, IF NEEDED
I NSHOT NSW

where:

M - number of input words indicator. 0 =1 word, 1 = 2 words,
M - number of autput words indicater. 0 =1 word, 1 = 2 words.

§ - 1 if special non sequential repeats (requires the NSW word in
the cazlling sequence).

Example:

Move 2 one word input binary field {address in index 3) to EROMP as
two words. The input has a binary scale of 15 and a descriptlén of
999v9. The output scale is 21 with the description 999939v99.

Operation Operand Index
SPB ZBE 1
OCT 0040317
0cT 0100625
ocT 0210001
LDA PROMP
CONVENTIONS

Memory locations used; 84

SUBROUTINES REQUIRED: MTR

(only if § is 1)

GECOM-II
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MTR

MTR - Truncate and/or Round Binary Fixed Point Numbers
PURFOSE

To truncate the integer portion and/or truncate or round the fraction portion of a fixed point
binary number,

METHOD
MTR is entered with the fixed peint binary number in registers A and Q.
MTR exits with the truncated and/or rounded fixed point binary results in registers A and Q.

The calling sequence to MTR contains the field gize, decimal scale, and binary scale of both the
input and desired output binary numbers,

1, Field size is the number of characters representing the maximum range of the
number. Decimal peint and sign are not present in the field size count,

2, Decimal scale is the number of characters representing the maximum value of
the binary number's integer portion.

3. Binary scale is the scale at which the number is being expressed,

MTR adjusts the input number to the output number's repregentation with rounding of the fraction
portion of the input number if desired,

USAGE

Calling Sequence

Operation Operand Index
SPB MTR 1
OCT ABBCCDD
OCT OEEFFGGG

Return from MIR

where: A equals “1" if the fraction portion of the input number is to be rounded by MIR.
4 equals "0 if no round is to be performed.
BB is input number's field size.
CC 1ls ipput number's decimal scale.
DD is the input number's binary scale.
EE is output number's field size.
FF is output number's decimal scale.

GG is output number's binary scale.

@ GECOM-1II
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MTR

If CC>» FF, the integer portion of the input number is truncated to the size of the output number's

decimal scale.

If BB-CC>EE-FF and A =1, the fraction portion of the input number is rounded to the size of the

output number's fraction portion,

If BB-CC>EE-FF and A = 0, the fraction portien of the input nurnber is truncated io the size of

the output number's fraction portion.

The output number is always expressed at the binary scale as represzenied by GG,

Examples:

1. TINRPUT
OUTPUT

Calling Sequence

Operaticn

SPB
ocT
acT

9909v99
929v99

Operand

MIR
0060423
0050323

result: Input number is truncated 1 significant digit on integer portion.

2, INPUT
QUTPUT

Callinz Seduence

Operation

SFB
ocT
QCT

9999v999%
999vaegh

Opetrand

MTR
0080423
0060323

result: Input number 1s truncated 1 significant digit on both the integer

and fraction portions.

3. INFUT
QUTPUT

9999v9959
999v99%

GECOM-11
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MTR

Calling Sequence

Operation Operand Index
SFB MTR 1
ocT 1080423
OCcT 0060323

result: Input number is trunecated 1 significant digit on the Iinteger
portion and rounded 1 significant digit on the fraction portiom.

CONVENTIONS

Both input and output nurmbers are assumed contained in 2 computer words. Under this configur-
ation, binary scale 19 indicates the integer portion lies in the 1st word and the fraction lies in the
2nd word, Adjustments from binary scale 19 for fixed point binary numbers indicate the position
of the binary point within the 2 words,

Memory locations used: 186

SUEBROUTINES REQUIRED: ZS5C

GECOM-II
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ZAM - BCD te BCD
PURFPOSE

To move an alphanumeric BCD field with provision for increasing the field size.
added if the destination field is longer than the source field.

USAGE

Calling Sequence

Operation Operand Index
SPE ZAM 1

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

5CP NCI < 83
I 0! SCPOT NCO < 83.
INPUT OR OUTPUT ADDRESS, IF NEEDED

Example:

Move & 60 character field from SUNNY (starting character positionm I)
to & 60 character field whose starting character position Ls 2. The
destination address ls in index 2.

Operation Qpexand Index
SPB ZAM 1
0CT 0100074
0CT 0120074-
LDA SUNNY
CONVENTIONS
Memory locations used: 80 Q

SUBROUTINES REQUIRED: ZCB or ZOT.

December 1863
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ZAM

Blanks are
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ZZA

ZZA = Repeated BCD to BCD

PURPOSE

To move repeated alphanumeric fields as in ZAM. One or both fields packed.

USAGE

Calling Sequence

Operation Operand Index
Zperation Zperand =Leex
SPB ZZA 1

Parameter words as in ZAM, followed by:

5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SCP1 SCPOTL | SCP3 SCPCT3 SCP2 SCPOT2
NSW3 - NSH2 - NSW1 .
NswoT3 NSWOT2  —, NSWOTL -

NUMBEE. OF FIELDS TO MOVE

Example:

Source fleld has a starting character position of 2 and is 5 characters
long, Destination field is 7 characters with a starting character
position of 1. Move 6 fields. The input and output addresses are in
indexes 3 and.2,

Operation Operand Index
SFB ZZA 1
0cT 0200005
ocT 0310007
ocT 0213312
ocT 0020102
0CT 0030202
DEC 6
CONVENTIONS

Memory locations used: 73

SUBROUTINES REQUIRED: ZAM, ZCB.

@ED225 GECOM -1I
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ZUR
ZUR - Repeated BCD to BCD
FPURFOSE
To move repeated unpacked fields to fields of a different size.
USAGE
Calling Sequence
Operation Operand Index
SPB ZUR 1
Parameter words as in ZAM, followed by:
s 1 2 3 4 3 6 7 8 9 10 11 12 14 15 16 17 18 19
NSW NSWOT
WUMBER OF FIELDS TC MOVE
Example:
Move 37 fields of 16 characters, unpacked to fields of 12 characters,
unpacked. The source and destination addresses are in index registers
3 and 2,
Operation Operand Index
SFB ZUR 1
OCT 0100020
acT 0310014
OCT 0000504
DEC 37
CONVENTIONS
Memory locations used: 41
SUBROUTINES REQUIRED; ZAM, ZCB.
GECOM-II
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ZLX

ZLX - Repeated Move Fleoating Point Binary to Fixed Point Binary Numbers
PURPQOSE

To move a list of floating point binary numbers '"n" fields in length to a list of fixed point binary

m_mn

numbers n fields in length.
METHOD

Use is made of FLX GECOM library convert routine.

Each floating point binary field is converted to its fixed point binary equivalent,
USAGE

Calling Seguence

Operation Operand Index
SPB ZLX 1

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

NUMBER OF FIELDBS TC MOVE
DI O NSWOT ] M |OUTPUT BINARY SCALE
INFUT OR OQUTPUT ADDRESS, IF NEEDED

where; M - number of output words. 1 = 1l word; 0 = 2 words.

Example:

Move a list of floating point binary numbers 25 in length to a list of
fixed point binary numbers 25 in length. Output numbers stored in 2 words.
Qutput binary scale 1s 19, Destination address is in index register 2.

Operation Operand Index
SPB ZLX 1
0CT 0000031
ocT 0110023
DA SOURCE (Address of source or input list - 1lst word).
CONVENTIONS

Output numbers must be 1 or 2 word fixed point binary stored consecutively.

Input numbers must be 2 word GE-225 floating point format numbers stored consecutively,
Output binary scale is the scale at which the output number is expressed,

Numnber of fields to move should be greater than 1. Use FLX if move is for conly 1 field,

Memory locations used: 52

SUBROUTINES REQUIRED: FLX

@@F‘\ GECOM-II
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ZXL

ZXL - Repeated Move Fixed Point Binary to Floating Point Binary Numbers

PURPOSE

To move a list of fixed point binary numbers ''n'' fields in length to a list of floating point binary
numbers o' fields in length,

METHOD
Use iz made of FXL GECOM library convert routine.

Each fixed point binary field is converted to its floating point binary equivalent,
USAGE

Calling Sequence

Operation Operand Index
SPE ZXL 1

s 1 2 3 4 5 6 7 8 5% 10 11 12 13 14 15 1e 17 18 19

NUMBER OF FIELDS TO MOVE
0TIO0 MaW | M I INPUT BINARY SCALE
INPUT OR OUTPUT ADDRESS, IF NEEDED

where: M - number of input words. 1 = 1 word; 0 = 2 words,

Example:

Move a list of fixed point binary numbers 25 in length teo 2 list of
floating point binary numbers 25 in length. Input numbers stored in
? words. Input binary scale is 19. Destinaticn address is in index
register 2.

Operatien Operand Index
SFB ZXL 1
0CT 0000031
oeT 0110023
LDA SOURGCE (Address of source or input list - Ist word)
CONVENTIONS

Input numbers must be 1 or 2 fixed word point binary stored consecutively.

Cutput numbers must be 2 word GE-225 floating point format numbers stored consecutively .
Input binary scale is the scale at which the input number is expressed.

Number of fields to move should be greater than 1. Use FXL if move is for enly 1 field,
Memory locations used: 52

SUBRCUTINES REQUIRED: FXL

i oy GECOM-II
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RPT

RPT - Repeated Move
PURPOSE

To move a source field n computer words in length to a destination field m computer words in
length,

METHOD
The source field is moved into the destination field as many times as it will fit starting on the
left {high order) end of the destination field, The source field is truncated if necegsary ot the

right (low order) end for the last placement in the destination field.

The source and destination are considered an integral number of computer words in length.

USAGE
Calling Sequence
Operation Operand Index

SPB RFT
LDA SOURCE A
DEC KHEEX
STA DESTINATION B
DEC TYYYY

where: SOURCE is the symbol assigned to the source field.
DESTINATION is the symbol assigned to the destination field,
XXX 1s the size of the source field in number of computer words.
Y¥YYY is the size of the destination field in number of computer words,

4 1s the index register modifying the source address. May be 2 or 3.
If not used index should be blank.

B is the index rvegister modifying the destination address. May be 2 or 3.
If not used index should be blank.

CONVENTIONS

Memory locations used: 24 words

@ED225 GECOM-II
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ZS5S
or
Z5F
2585 or ZSF - Fields Separated By Commas
PURPOSE
To unpack fields separated by commas.
TSAGE
Generated Coding
Symbol Operation OEerahd Index Remarks
FWZRN SPR Z58 or ZSF 1 {255 if package floating point;
Z8F if hardware floating point)
DEC STARTING COLUMN-1 For all but the [irst card of
DEC STARTING COLIMN-1 multiple card records, skipping
1D4 FHTHT gver any control key
BEU FHNW or BRU FHW 1
LD FHNTCP

Segments of calling sequence, |°
by field, as described below.

BEU FNTXT

1. MNUMERIC TO FIXED POINT BINARY

g 9 10 11 12 13 14 15 16 17 18 19

I
Lo
=y
wn
(o)
~l

oo 1 RI B5-38 {ABSOLUTE) 3 DS-F3
OUTPUT ADDRESS
NUMBER OF REPEATS, IF NEEDED

2. NUMERIC TGO FLOATING POINT

2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 17 18 1%

01 0 RI s DE-FS
OuTPUT ADDRESS
NUMBER OF BEPEATS, IF WEEDED

:’GED@@% GECOWM ~1I
A (aG) OFERATIONS MANUAL



December 1863
Page VIII-G2

Z55

ar

ZS5F

3. ALPHA TO ALPHA

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0 1 1 RL NXC HO. STORAGE WDS,
OUTPUT ADDRESS

NUMBER OF REPEATS, IF NEEDED

RI - Repeat indlcator.
g - Sign of DS&-FS.

NXC - Wumber of characters in last storage word.

COMVENT IONS

Memory locations used:

400 - no repeats;

0 = plus; 1 = minus

Z55 = 412
ZSF = 410

001 - repeats

000 = 3, 001 = 1, 018 = 2.

GECOM-1I
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MTF

MTI - Move to True-False Variable

FPURPOSE

To move a field or Array to a True-False variable or True-False Array.
USAGE

Calling Sequence

Operation Operand Index
5¥B MIF 1

£ 1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 15 16 17 18 19

I wHW B0, REPEATS 1N IWPUT FIELD
0 FNWOT NO. REPEATS IN OGUTPUT FIELD
LA ADDRESS, TF MEEDED

FIW Ma. words in Source Field

*NWOT = Ho. words in Destination Field

Example:

Move an Array with 2 word fieids repesced 10 times te a True-False
Arvay vepeated 10 times. Inpar address is in ¥R 3. Ouiput address

is in XR 2.
Operation Cparand indey
SPB HTF 1
ocT 1120012
ocT 00110012
LDA O
CONVENTIONS

Memory locations used: T1.

Do . o ) GECOM -T11
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ZFL

ZFL - Move and Fill
FURPOSE

To 1l a given numnber of words (partial or integral) with a given number of words {puriiai or
integral}.

USAGE

Calling Seguence

Operation Operand Index
Ltperacion
5PE ZFL 1

#WORDS TN TNPUT
«1/o  |sce | Ece SCPOT TCPOT

N{O. REPEATS IN QUTPUT

# WORDS IN OUTPUT

LDa ADDEESS IF WEEDED

#1/0 = 1 If input address in calling sequence.
= 2 If output address in calling sequence.

= 3 If neither input nor output in calling sequence.

Example:

Move a % word f£ield containing 9 characters, SCP = 3, ECP = 1 to 3
word field SCP = 1 ECP = 3, repeated 5 times. Input address is in
¥R 3. Output address i: in XR 2.

Operation Operand Index

SPR ZFL 1
0CT 0000004

0CT 1331013

ocT 00005

ocT 00003

LDa 0

CONVENTIONS

WMemory locations used: 114,

o o
UME,DZZS N CECOM-11
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PROCEDURAL SUBROUTINES
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Procedural Subroutines are directly related to the GECOM verbs and their options.

List of Procedural Subroutines in Order of Appearance in Manual

C

[
d
I:Q :‘;_L:;I

e

RCS
RC#
RLC
RL*

TYP
TY#

&

Read Control Swiiches

Read Control Switches {API environment)

Read Next Runs' Loader and Transfer Contrel to Zero

Read Next Runs' Loader and Transfer Control to Zero
(API environment}

Type

Type (API environment}

GECOM-I1
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RCS

or
RC*

RC5 - Read Control Switches
RC* - Read Control Switches (API Environment)
PURPOSE

To read the console control switches and save the switch settings after the operator has placed
the switches in normal position.

METHOD

Upon entering RCS or RC*, the computer halts in a read control switch loop.

When switch zero is put down, the setting of the switch is saved.

When switch zero is put back in normal position, exit from RCS with the switch settings placed in
register A is triggered. Following Programming Conventions, put switches 1 to 19 in normal
position before putting switch zero in normal position,

Upon exiting from RCS or RC*, register A contains the settings of switches 1 to 18.

Bit 1 of Register A is on, if switch one was depressed for the read loop. Bit 2 is on, if switch 2
was depressed, etc.

USAGE

Calling Sequence

Operation Operand Index
SPB RCS5 or RC# 1
CONVENTIONS

Memory locations used; RCS - 12; RC* - 14

Return from RCS or RC* is made to the instruction following the SPB.

@EDZZ)E' GECOM-II
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RLC
or

RL"

RLLC - BRead Next Runs' Loader from the Card Reader and Transfer Control to Zero.

Al.* - Read Next Runs' Loader from the Card Reader and Transfer Control fo Lacation Zero,
{API environment)

PURPOSE

To load sequential runs into the card reader simultaneonsly and to automatically call in the next
run under program conirol,

METHCD

Upon entrance to RLC or RL*, the computer enters a control switch loop. The operator toggles
swiich zero to read in the next run if it is present in the card hopper.

The next binary card present in the hopper must be a loader.

RLC or RL* reads in the loader card performing error checks. If an error occurs, the operator
must backspace the card reader and toggle switch zero to attempt a reread of the loader.

Upon a successful read, RLC or RL* transfers conirol to location zero.
USAGE

Calling Sequence

Operation Cpeirand Index
3PB RLC or RL#* 1

No return is made to the instructions following the "SPB"
CONVENTIONS
Memory locations used - 23 words,
"CRE" is typed if an error occurs when readinig the loader.

SUBROUTINES REQUIRED: RLC reguires RCS3, TYP
RL#* requires RC#*, TY*

@ED@ZE GECOM-11
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TYPR

or

Ty*

TYP - Type

TY* - Type when in API environment

PURFOSE

To type one word or a list of words with or without a carriage return,
TUSACE

Calling Sequences

The routine has two entrances, TYP or TY® and TYA, TYA does the actual typing and TYP or TV*,
feeds the information to TYA one word at a tiime. TYA is entered with the 3 BCD characters to be

typed in register A.

1. Calling zequence for TYA:

Operation Operand Index Remarks
SPB TYA 3 Register A contains 3 BCD characters
to be typed.

2. Calling sequence for TYP or TY+*:

Operation Operand Index
SPB TYP or TY® 3

The second word in the calling sequence indicates the following:

Sign Bit On - Type a list of words. The addrezs portion speciflies the number of
wowds to type. The third word required in the calling sequence gives
the bepinning address of the 1ist.

Sign Bit Qff - Type the 3 BCD characters in position 2-19 of this word.

Position one
Bit On - No carriage return after typing.

Position one

Bit Oft - Carriage return after typing.
Examples:
Operatien QOperand Index Remarks
1. SPB TYP or TY+ 3
ALF ERR Type one word (ERR) and return the carriage.
2. SPB TYF or TyY= 3
ocT 1253151 Type one word and do not return the carriage.
3. SFB TiP or T¥+ 3 Type §© words starting at "LIST" and return
OCT 2000006 the carriage,
LDA LIST
4. SEB TYP or TY+* 3 Type & words starting at "LIST" and do not
oCT 3300006 return the carriage.
LDA LIST
CONVENTIONS

Memory locations used: TYP - 34; TY* - §0,

\n
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RLT

RI.T - Read Sequential Run Locator Transfer Control to it

TURPOSTE

To allow zequeniizl runs to he collod off o program tape under program control.
METHOD

Upon entering RLT, the cormpuler halls in a contrel switeh loop,  The operator toggles switch
zero to continue with the next run,

RLT searches the specified program tane for o sequential run lecator, which is identified by the
constant "RUN 00 LINKAGI" in the first four words of the physical record. RLT searches only
forward,

Conventional error checks are perforned to insure a propevly read record, If an error occurs,
RLT tries five times io reread the record., 1f unsuccessful after five trys, the computer is
stopped in a conirel switch loop. If switch zero iz toggled, RILT will attemipl 1o read the record
agaln,

On a successful read, the sequential run locator is read into location »ore and RLT transfers
control to location five,

UBAGE

Calling Sequence

Dperation Operand Index
SPB RLT 1
acT QAABBCC

whare: AA is the occtal tape number for GE-225 instructicns.

55 Ab
00 01
01 02
02 923
03 10
04 21
05 22
06 24
o7 30

BE iz the handler the program tape is mounted on. (high order zero}

¢ 15 the plug number the program tape handler is attached to (high order zero).
CONVENTIONS

Memory locations used - 50 words.

All typewriter messages noting tape read errors follow the standards specified under Program-
ming Conventions,

SUBROUTINES REQUIRED: RCS5, TYFR

@Emng GECOM-II
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TYFR
or

TY*

TYEP - Type

TY#* - Type when in API environment

PULRPOSE

To type one waord or a list of words with or without a carriage refurn.
UsSACE

Calling Sequences

The routine has two entrances, TYP or TY#* and TYA. TYA does the actual typing and TYP or TY#*
feeds the informatfion to TYA one word at a time. TYA is entered with the 3 BCD characters to be
typed in register A.

1. Calling sequence for TYA:

Operation Operand Index Remarks
SPR TYA 3 Register A comtains 3 BCD characters
to be typed.

2, CGalling sequence for TYP or TT:

Operation Operand Index
dperation
EPB TYP or TY¥* 3

The second word in the calling sequence indicates the following:

Sign Bit On - Type a list of words. The address portion specifies the number of
words to type. The third word required in the calling sequence gives
the beginning address of the list.

Sign Bit Qff - Type the 3 BCD characters in position 2-19 of this word.

Fosition one

Eit On - No carriage return after typing.
Position one
Bit Off - Carrlage return after typing.
Examples:
Operation Operand Index Remarks
1. SPB TYP ar TY* 3
ALF EERR Type one word (ERR) and return the carriage.
2. SPB TYP or TY* 3
ocT 1255151 Type one word and do not return the carriage.
3. SPB TYP or TY# 3 Type & words starting at '"LIST" and return
OCcT 2000006 the carriage.
LD4 LIST
i, SPR TYP or TY* 3 Type & words starting at "LIST" and do not
OCT 3000006 return the carriage.
LDa LIST
CONVENTIONS

Memory lecations used: TYP - 54; T¥Y* - 0.
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