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PREFACE

The GAP (General Assembler Program) system is a system which
assembles assembler language for the AGC (Apollo Guidance Computer). In
addition to doing assemblies, the GAP (AGC) system has a large section which
performs tasks needed to send necessary information to the manufacturers of the

AGC and to ensure the accuracy of the information sent.

The historical forerunner of the GAP (AGC) system was the YUL system.
The YUL system ran on the Honeywell-1800 computer,
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Erasable memory is divided into 8 banks with 256 words per bank. Words .
in banks 0 - 2 are addressed directly by the address portion of the instruction word.

Addressing words in banks 3 - 7 is done by relative addressing. This requires that
a bank register (EBANK) be set to the proper value at execution time. The 8 hard-
ware registers mentioned above are treated as the first 8 locations in EBANK 0,

Fixed memory is divided into 36 banks of 1024 words each. Two of
these banks are directly addressable. An additional 22 banks may be addressed
using 1 bank selector register (FBANK) to supplement the address information in
the instruction word. The remaining 12 banks require the use of 2 registers
(EBANK and SUPERBNK) in addition to the address information in the word.

1.3 AGC Language

AGC programs are written in two languages. The first is an assembly
language referred to as AGC Basic or just Basic. Part of the Basic coding of each
AGC program is a limited facility interpreter. This part of the program uses AGC
Interpretive coding as a set of parameters to be used at execution time. Since each
interpretive instruction is expanded into many basic instructions, the result is
similar to the savings effected by the use of subroutines. Thus, despite the space
allocated to the interpreter, a net saving in instruction storage requirements is
realized. The penalty paid for saving space is greatly increased execution time.

Thus, interpretive coding is used only where realtime performance is not required.

1.4 Structure of the AGC Programs

AGC programs have three levels of organization. They are (MAIN),
SUBROUTINE, and Log Section. (MAIN) is essentially for remarks, bookkeeping,

and specifying (not calling) subroutines. Both (MAIN) and subroutines are divided

into log sections.

Subroutine is used here in an unusual way. It means only an arbitrary
section of the program. It is not called in the usual sense: subroutines are used
mostly to split the whole program into manageable pieces. The split has no

necessary relationship to the structure of the program.

Log sections are tied more directly to the program logic, since instruction

numbering is carried out within log sections.

To understand this structure, a picture is helpful. First note that the
subroutines to be assembled with a given program are specified within (MAIN) by
means of SUBRO cards.

(MAIN) Subroutine 1 Subroutine 2

. F_

[] l |L SUBROUTINE CALLS l | T ' l | |
Ll L2 '-" SUBRO Sl, ---, SUBRO Sn SlLl Sle - - SZLI Ssz -

N
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Here L1, L2, S1L1, etc., denote log sections made up of a set of detail cards
(AGC coding and remarks). The cards contained in the subroutines named by the
SUBRO cards in the log section whose name is SUBROUTINE CALLS are simply

strung onto the end of the main program. The subroutines appear in the order in
which the SUBRO cards appear.

1.5 The Role of the 360/175

In order to fully appreciate the AGC and its associated languages and
procedures, it is necessary to understand the central role the 360/75 plays in
program development, simulation, and manufacturing. To put it most drama;cically:
the AGC cannot physically exist until the programer's work is done.

This work is carried out through a series of 360/75 programs. These
programs create files of card images of the source deck, assemble the source
program, and store the binary object module on a second disk pack, simulate the
logic of the AGC with or without environment, and, when the program is finally
debugged, manufacture various binary outputs to be used in wiring the AGC. The
details of the use and functions of these programs will be presented later, but for
now, note that, making the preposterous assumption that one had coded a complete
and perfect AGC program, this is the order of work flow.

1.6 The GAP System

The GAP system may be diagramed as follows. It is an overlay load
module which is linkedited from more than a dozen separate control sections
(CSECTs). The entire structure is made available through the catalog procedure
AGCASM.

General
Routines

Assembly General Manufacture
Routines and Storage General
l ] 1 | | MANUAGC |
PASS1IGEN IPASIPTSI [PASSZGEBTI IPASSSGEN_J

— CONVRS [, AGCONVRS _J _
PASS2AGC I_l'-:ASS3AGC|

facilitating the construction of a generalized assembler. By replacing those control

PASS1AGC

sections specific to the AGC with control sections specific to other computers, one
gets an assembler for that computer,
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1.7

Usual Flow of Work in Developing an AGC Program
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2. AGCONVRS
2:1 Introduction to AGCONVRS

AGCONVRS is an extremely sophisticated, highly user-oriented multiple
file maintenance system for linearly ordered data sets. It allows the user to create
files, merge additional material, delete material, renumber cards, print and punch
material, All of these features leave complete histories. Thus it is not necessary
to use special backup procedures to recover from user error, Sufficient features
are built into the system to avoid this. All of these features are available at levels
that correspond to AGC coding. That is, one creates programs, subroutines and
segments, and is able to work within these at the log section level. Since the
programs for the AGC contain upward of 40,000 cards, this eases numbering prob-
lems,

2.2 Filing System of AGCONVRS

This section is devoted to a characterization of the filing system of
AGCONVRS in terms of principles that should direct the reader in his use of the
system. It should be noted that the system is almost completely general: it can
store almost any kind of card images. (Obvious exceptions are instructions to the

s;ystem.)

First, some brief definitions. ''Data'’ refers to those card images the
user wishes to store for his further use. This can include programs, alphameric
material of wide variety, or arbitrary combinations of these. A linearly ordered
data set is one in which, given two cards from it, one can determine which card
comes first, '"File" has two meanings. The first is the same as that in System/360
JCL. That is, it is an area of storage unified by its labeling and addressing in JCL.
The second meaning is more properly thought of as subfile. That is, it is a set of
card images which occupy parts of a single JCL file. These card images are unified
by the AGCONVRS program. This is rather abstract. It is perhaps less confusing
to say that the program AGCONVRS has assigned to it one data set or file, This is
done by the JCL with the program. AGCONVRS is then able to subdivide this storage
space, in order to store sets of related card images. These sets of card images
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will be PROGRAMS, SUBROUTINES, SEGMENTS, and VERSIONS. In order to avoid.
the necessity of trotting out this list or an "etc.," I wish to call these sets of card
images by the generic name file. It should be amply clear (in the light of this
warning) which meaning is appropriate. The directory is a file containing a list
of names of the files stored, and an area where revision history and location and
sequencing data for the records (card images) are stored. ''Revision n' refers to
an entire data file. It is generated by modifying revision n-1.

There are four things that characterize the system. The first is that
two areas are written into during creation or updating of a file; one is the data area,
the other is the directory. Second, each card image exists only once in the file.
Third, once a card image is in the data file, it remains in the file. Finally, sub-
routines within programs, log sections within programs or subroutines, and cards
within log sections are linearly ordered. Thus, the system is able to use the fact
of total linear ordering to store and retrieve data. Although this scheme may be ob-
scured by the details of the system and the proliferation of names of files, it tends

to be the best arbiter of the use of the control options.

The main benefit of this kind of filing system is that very large files of
data can be created and maintained (updated, modified, etc.), keeping all revisions
of a given file available, without using excess disk storage space. The reason for
this is that each update or version creation does not make a duplicate copy of the
file, but adds only those cards which make it different from its predecessor. Of
course, the system would use storage disadvantageously with relatively small files
that underwent considerable revision. Even in this case, the ability to recall all

prior revisions may outweigh the cost of additional storage.

AGCONVRS also has the capability to expand the storage area allocated

to it for its data files. It informs the user when it does so.

2.3 Features Available to AGCONVRS Users
The next thing to discuss should be the details of the AGCONVRS filing

system. This is in order to fully explain the options available to the user. Un-
fortunately, in order to describe the filing system, it is necessary to use the

terminology of the control cards. Thus, in this section, this terminology will be

introduced: the explanations will come later.

Instructions to the AGCONVRS system can take four forms. The highest
level is the Director. At this level one can CREATE, MODIFY, DELETE,
PRINT(*), and PUNCH(*) ones files, The next level is the subdirector FROM. This
is a modifier to the director CREATE, and allows the user to add to a program's

list of names, to the effect that subsequent revisions to the old and new Version are

independent. The third level is the Acceptor or =1LOG card. It too is used as a
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modifier to director cards and  specifies the Jog section to be  modified, o (say)

printed. This IS necessary since directors and  subdirectors refer 0 programs,
subroutines, segments, and  versions, while the  numbers on the data cards are
unique only within Iog sections. The fourth level is the merge control card. These
allow the  user to DELETE, CHANGE CARDNS, PRESERVE CARDNS, BEGIN (END)
INSERT at the  card level within log sections.

It should be noted in passing that once a file  exists, it may be referred to
as  either 2 program or a subroutine, regardless of  whether it was  created s a
program, subroutine, or  Version. Segments remain as  segments,

Each director card refers to a file and  causes the  execution of a major
routine of AGCONVRS. All  such routines are reenterable, This means that  as many
director cards may be included in a2 job step = the user wants. AGCONVRS S part
of the catalog  procedure ~ AGCASM.

2.4 Structure of AGCONVRS Files

Before proceeding with the  details of the features jUS’[ discussed, the
filing system of AGCONVRS will  be described, in the  hope that it will prove useful
to the  reader in understanding the  Interactions between, and  restrictions on, the
various features.

it will be recalled that ~ AGCONVRS uses two  storage areas on a disk  pack;
one for data and one for the directory. The data  area is  further broken down into the
linear file and the overflow file. The linear file  contains the original contents of
each  data file. That is, it contains those card  images that  resulted from  the cards
that  were included at the time  of creation (creation without the  subdirector FROM).
The  overflow file  contains only the additions to the original  file  (both data and  erge
control cards). Within ~ the  linear file, all card jmages  pertaining o a given Tfile ar
in sequential order. There are o card images from other data  files interleaved.

The  overflow file  contains card images of those cards that  are added during  modifica-
tion. It contains them in the order  they ae  received, thus, the card  jmages relating
to a given file may ot all be contiguous. The  directory is  similar to the overflow
file in that  information pertaining © @ given file may Dbe in several noncontiguous
blocks.

When  one  originally creates a file, the card  images are stored in the
linear file. They ae referred to py a NAME and a revision number, The  name
s that  assigned by the user the  revision number will ~ be one  unless the  user
specifies otherwise. Each  modify  director Increments the  revision number by one
and places the  incoming cards in the overflow file. The directory IS updated  with

the  information that an additional revision exists and the  address in the overflow

file of the card images that  were added. If one  deletes revision n, the directory



