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This volume contains documents and reference materials that I have compiled regarding the
IBM Advanced Computing Systems ACS-1 supercomputer. These are copies of original
documents dating back to the ACS project itself. Taken together, they may be sufficient to
disclose many of the system architectural innovations of the ACS architecture team.

The front-matter for the archive contains a brief overview of each document, including some
details regarding the document’s context within the ACS project. Also included is my initial

letter to Dr. Mark Smotherman of Clemson University regarding the possibilities of
reconstruction of many details of the ACS-1 machine.
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1. "Dynamic Instruction Scheduling", February 23, 1966:
L. Conway, B. Randell, D. Rozenberg, D. Senzig

The background on this paper is as follows. Sometime in late '65, I suddenly visualized a
solution to the general multi-issuance and conflict-resolution problem. I quickly compiled
block diagrams and notes to capture the ideas, and during the next few days I presented
these ideas in staff meetings in the architecture group. There was a rapid, very positive
reaction. I was tasked to document the ideas in more detail, to incorporate one of the
branching schemes then under study, and to turn the scheme into an architectural "proposal".

Since 1 was quite junior and had little experience with coordinating and writing ACS
proposals, I worked with a number of ACS staff members, including Don Rozenberg, Brian
Randell, Don Senzig and others to produce the resulting paper. There was a sense that these
weren’t just ordinary ideas, and we worked hard to frame the concepts in a tutorial form, so
that they would be clear to team members. Brian Randell in particular came up with some
wonderful articulations about the DIS schemes, in his inimitable British manner. We hoped
to be able to publish the ideas openly later on.

But things then moved fast, and within a year the ideas in the paper had became the basis
for, and were implemented within, a fully revised ACS-MPM architecture.

Although the original dynamic instruction scheduling ideas were mine alone, the paper was a
team effort. As inventor, I was the lead author, and was followed by Brian Randell, Don
Rozenberg and Don Senzig. I think Ed Sussenguth and Herb Schorr gave useful feedback
too; had the paper gone on to publication they might have been included as co-authors.

The dynamic instruction scheduling paper is labeled "[DRAFT]". 1 believe that by late
February '66, we saw this paper as a work in progress towards formal publication. The ideas
were already, in parallel, being evaluated for use in the actual machine. Thus in this draft I
think we stepped back from revealing thinking on exactly how the ideas might be applied in
the machine, as, for example, by using dual instruction windows.

But by then we also needed a tutorial on the ideas for those outside the architecture group,
such as the logic designers, to use as a reference. Thus this "draft" version of 2-23-67 was
released within ACS. After that date, no further work was done on the paper. It was
completely overtaken by the escalating events surrounding adoption of this scheme for use in
the ACS machine. Thus the invention itself then became quite "secret".

Interestingly, the name "dynamic instruction scheduling" never really entered into the team's
"lingo". Instead, the relevant structures were usually just called "instruction queues", or
"instruction buffers", or "contender stacks" for short, as is seen in all the later documents.
It's possible that many ACS vets won't recall the spectfic title of the paper. Could that
perhaps explain why no one from the team has ever come forward and mentioned this work?

On the other hand, it is very likely that copies of this paper surreptitiously passed into
circulation outside IBM during the late 60's and early 70's, providing a path for transfer of
this knowledge, and its name, into computer architecture circles outside of IBM.



2. "ACS Simulation Technique", Mar. 15, 1966: D. Rozenberg, L. Conway, R. Riekert

This paper documents the methods used to build the ACS MPM register-transfer level
simulator. This paper may prove valuable by helping later analysts better understand and
interpret the source code and the output results of the "MPM Timing Simulator".

The simulator was built in FORTRAN IV. Thus it is relatively easy to "read the code" that
defines the workings of each module and functional unit. The simulation methods were also
aimed at being fast enough to support long runs involving many, many variations of the
machine architectural parameters.

The simulator was initially used to take quick looks at architectural variants, watch code
passing through them, and figure out why things got blocked or didn't work as expected.
Later it was used to gather data on the performance of many serious MPM variants running
lots of real code, and then to "balance and tune" the emerging ACS-1 machine.

Notice the use of a "memory queue" function as the tutorial example in this paper. I believe
that by this time in '66, we were already doing basic simulator implementations and
evaluations of various "instruction queuing" structures and controls, as part of our
explorations of dynamic instruction scheduling methods. I think we may have just simplified
and then "reused" some of that code to create the example in this paper.

Don Rozenberg was lead author, I was second and Bob Riekert was third. Bob had done
important work on the simulation methods at Yorktown, but didn’t go west with ACS.

3. "Dual Arithmetic on ACS-1", May 1, 1967: T. C. Chen

This paper is an internal proposal from Tien Chi (T. C.) Chen to Jack Bertram regarding
methods for implementing dual floating point arithmetic in ACS-1. It contains interesting
references to dual arithmetic on the ILLIAC IV machine.

I include this paper as a good example of an ACS "proposal", though I do not recall right
now the details of how this particular one turned out.

Note that the data-path register-transfer-level details of the arithmetic-functional units were
an independent architectural dimension of the project that had to meet logic design/machine-
cycle constraints on the one hand, and bussing/pipelining/issuance-control/architectural
constraints on the other.

Thus only the timings of the ACS-1's arithmetic units, and not those units’ internal functional
details, were modeled in the timing simulator. (An “unroller” processed assembly code input
instructions to produce the input instruction stream to the timing simulator). This was in
contrast to the OP fetch, Bussing, OP interlocking and issuance, SKIP, Branch and Exit
functioning, etc., which were fully modeled in the timing simulator.



4. "Architecturally Critical Paths in the MPM", May 12, 1967: E. Sussenguth

This is an important internal memo from Ed Sussenguth to Herb Schorr that summarizes the
results of detailed MPM architectural design studies during the spring of 1967. It pins down
the final list of critical paths that must be insured against any performance slippage in any
later design iterations.

In each particular case, the critical path functions are identified as needing to be completed
within a certain number of machine cycles. Then, for each of these functions, there would
have been related critical logic design exposures, wherein specific logic functions had to be
completable within a machine cycle .

This memo was the result of an intense period of simulation and tradeoff studies to tune and
balance the MPM mechanisms for OP fetching, Bussing, OP interlocking and issuance,
SKIP, Branch and EXIT mechanisms, functional unit timings, etc.

Together with the other documents, this paper shows that the near-final form of ACS-1
machine architecture was completed and was being fine-tuned during the spring of '67; thus
it supports the inference that generalized dynamic instruction scheduling must have been
incorporated into the revised ACS machine architecture sometime in the latter part of '66.

The details in this memo about MPM critical paths should really help during efforts at
interpreting other ACS documents, and reconstructing the MPM's architecture.

5. "MPM Timing Simulation", August 25, 1967 (ACS AP #67-115) : L. Conway

This paper is a gold mine of detail on the system architecture of the ACS-1 MPM. It was
originally intended as a users' manual that others could reference, in order to submit
simulator input and interpret simulator output. I was sole author of this paper.

The simulator was written in FORTRAN IV (H), and ran on an IBM S/360 Mod 75 under
08/360. It operated at a rate of approximately 10 simulated instructions per second; typical
programs thus ran at a rate of about 20 instructions per second.

By this date, the simulator was the de facto formal description of the structure and functions
of the timing and controls of the ACS-1 MPM. All architecture team members coordinated
their work with the making of modifications to the evolving versions of this simulator.
Detailed functional modifications were seen to work or not, by whether they functioned as
expected during simulation runs.

By the time this document was written, a lot of experience had been gained in the effects on
machine performance of variations in machine parameters. In particular, it was clear by then
that the 3 out of 8 issuance scheme for A-Ops was near optimal in terms of mean OPs/cycle
while meeting the logic-level and machine cycle-time constraints. This paper uses that 3 out
of 8 scheme in a very detailed example, including detailed timing diagrams and the
corresponding simulator input and output listings.



Therefore, this paper provides a peek inside an ACS-1 MPM actually running code, enabling
the reader to see how the OP fetching, Bussing, instruction scheduling, Branch and Exit
functions, functional unit timings, etc., all worked together.

The paper defines and elaborates on the mnemonics of all those machine facilities, enabling
readers to make detailed interpretations of timing diagrams and simulator output listings.
Those mnemonics were used widely within ACS by this date, so these definitions will be
helpful in interpreting other ACS documents. This paper includes a list of all instruction
mnemonics, but, unfortunately, no detailed descriptions of the instructions themselves.

This manual, together with the detailed "Timing Simulator Notebook" and the "Timing
Simulator Source Code Listing", provides sufficient information to possibly enable later
analysts to reconstruct a running version of the ACS timing simulator.

This document, with all its details of how the ACS-1 processed instructions, may also have
passed into circulation outside of IBM, and thus helped to propagate ACS architectural
concepts into the computer architecture community.

6. MPM Architecture and Simulator Notebook, August 1967: L. Conway

This notebook contains my working documentation of the ACS-1 machine architecture, and
materials regarding translation of that architecture into the MPM Timing Simulator. It
contains very detailed information on the ACS-1 as of late August 1967, which was a
mature point in the machine's evolution, and the design point for which important
benchmarks have been described elsewhere. The notebook consists of about 120 pages of
flowcharts, tables and notes, in addition to the ACS AP #67-115 paper.

Unfortunately, these notes do not contain a description of the OP set itself, as it was
documented in a separate memo that, 1 believe, was entitled "ACS-1 MPM Instruction
Manual" (we should really try to find a copy of that one, if one still exists). However, many
important details regarding the OP set, including the OP Tags, are included in these notes.
A listing of the contents of this notebook is included on the following page.



Listing of contents of the Timing Simulator Notebook (draft listing, as of 1-21-99) :

059 MPM Timing Simulator, ACS AP #67-115: Timing simulator user's guide as above.

093 A Unit Interlock Simulation: A primer based on the sort of code used in the Timing
Simulator. Hardware diagrams, flowcharts and code are condensed from the actual
simulator, and give the essentials of A-Interlocks for a simpler “ACS-like” machine.
Also constitutes a tutorial on the micro-architecture of the A-Unit Interlocks.

103 Facility Structure:
Some details of the XFAC's, AFAC's, INBUS #'s, OUTBUS #'s, delays;
M.E H.'s diagrams coordinated via E.Sussenguth, dates 2-15-67 thru 7-26-67.

111 OP Decode Tags:
Contains tabulation (unary) of all decode tags for the 227 instructions,
i.e., the internal claims on facilities, busses, etc., for all OPs,
in a 256 by 70 table for the instruction set of April 17, 1967.

143 Various flowcharts and notes:
Definitions of simulator Common Variables; I.J indexing of A-SD's, X-SD's.
More on the decode tags, format of XBUFF and ABUFF.
Bussing of OPs to A and X Buffers.
Format of Execution Simulator output cards; Example of Output.

152 Various architectural and simulator details:
Block diagram of machine's major dynamic instruction modules.
Flow charts for key functional module routines.
"Event running times within the cycle", in 0.1's of a machine cycle.
Stack to Register timing: key difference between A and X stack algorithms,
bussing and facilities.
"Full Bypassing" timing; "No Bypassing" timing.
Common Vars, "Revised 18 May 1967", Common Vars, "Before Revision".

168 Memory timing details:
Memo to file by G. T. Paul re "MPM-BLCU Interface for Store OPS", 5-24-67,
with diagrams by MEH., G. P, 5-17-67, revised 6-7-67.
Memory Timing Diagram; Routines re memory instructions.
Instruction fetching overview.
Handling the Back-Up Registers - overview.
M. Homan's notes re Back-Up Logic, as of about a year earlier: 7-25-66.

189 Skips, Branches and Exits:
SKIP instruction overview; Execution of EXIT instruction -overview.
BRANCH and EXIT Handling, complete details of, in a coordinated, hand-written
"memo" of 3-27-67 by B. O. B. (?), along with similar memo re "old branch info"
by B. O. B. dated 3-17-67, followed by detailed timing diagrams.



7. Timing Simulator Source Code Listings, August 1967: L. Conway

This notebook contains a set of listings of the source code for the near-final version of the
ACS machine's register-transfer level timing simulator. There are about 5000 lines of
FORTRAN 1V (H) source code in these 100 or so pages of listings. This is probably the
version of the code used to generate the examples in the ACS AP #67-115 paper.

By mid-67, the timing simulator was the de facto formal description of the overall team-
coordinated details of the evolving ACS-1 architecture. Therefore, these listings, when
taken together with the Timing Simulator Manual and the additional diagrams, flowcharts
and other details in the Timing Simulator Notebook, provide a very detailed account of the
ACS-1 system architecture.

8. “ACS Logic Design Conventions: A Guide for the Novice”, Nov. 29, 67: L. Conway

On joining ACS, 1 found that there was no single convenient source for this information.
Some of the information was not documented in any available references. Since most of the
logic designers used different notations and conventions, it proved to be a time consuming
and confusing process to learn the precise details of this very simple, basic material. Many
of the designers related to me that they had had similar initial experiences.

At the time I made some notes for my own personal use, and later formed these notes into
this memorandum in the hope that it might prove useful to newcomers to ACS. This memo
may prove useful in ACS retrospectives and reconstructions by enabling more precise
analysis of original ACS DRKS design records.

9. “A Proposed ACS Logic Simulation System”, Oct. 31, 1967: L. Conway

This memo proposes an LSS to provide a means for debugging the logic design of the ACS
machine. Included is a means to extract design partitions from DRKS files and run
simulations on the partitions based on interface signals extracted from the equivalent
partition of the system-level (MPM timing) simulator. Considerable detail in the form of
block diagrams, flow-charts and calculations are included to clarify interfaces and interaction
in the overall system. One requirement for such a system to work would be formal
acceptance of the system-level simulator as the formal description of machine structure and
functions, and forcing of logic design partitions to implement the functions of the equivalent
system-level partitions. This seemed feasible at the time, since the MPM Timing Simulator
had already become the de-facto formal description of the machine. This memo may provide
useful insights into various practical aspects of ACS logic design and engineering at the time.



10. “The Computer Design Process: A Proposed Plan for ACS”, Aug 6, 68: L. Conway

This memo builds on item 9, and proposes a detailed design for the overall ACS machine
design process, including system architecture, logic design and engineering, physical
specification and process automation, and maintenance. The thesis is that proper design of
the design process is as important as proper design of the machine itself. It exploits the
System-level Simulator as the overall machine specification, and discusses the overall
integration and protocols for use of that simulator with the LSS, DRKS, Physical
Specification and Process Automation tools. It addresses many concerns, such as the fact
that design phases do not follow serially but overlap in time, that some partitions may be far
along in specification while others may be quite tentative, and that later design phases
constantly feedback feasibility or cost issues to earlier (higher-level) phases. This proposal
was fairly widely circulated and had gained considerable support just before the project was
cancelled. This memo provides useful insights into practical aspects of ACS system
architecture, logic design, engineering, physical specification and process automation at the
time. [Also, taken together with the other materials, all this work substantially informed my
later explorations at Xerox PARC on VLSI design and implementation methodologies].
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2 January 1999

Dr. Mark Smotherman
Department of Computer Science
Box 341906

Clemson University

Clemson, SC 29634-1906

Dear Dr. Smotherman:

When I came upon your web site identifying the IBM-ACS machine as "the First
Superscalar" computer, many past events came rushing back into my mind. I had been at
ACS, first at Yorktown Heights, then in Sunnyvale and then up on Sand Hill Road, during
the period when the exciting architectural work was being done there.

There were publications and talks, by Herb Schorr in the early 70's and later by John Cocke
and others, that hinted at the scope of the ACS innovations. But these early retrospectives
lacked detail about the system's architecture and lacked a context in which to embed the
ideas so as to fully convey their significance. Many computer architects sensed that amazing
things had happened at ACS, but few could be sure quite what, or why it even mattered.

As modern VLSI superscalars emerged into widespread application, and details of their
architectures were described, I became aware that important early ACS innovations had
transferred directly into those machines. Even the early ACS name for one of those
innovations, dynamic instruction scheduling, is now used by superscalar architects, and is
described as such in modern computer architecture textbooks.

More than thirty years after the original work, modern superscalars now at last provide a
context for understanding and appreciating the value of the early ACS innovations. For
some time now, I've hoped that someone from the ACS team might step forward and point
towards the sources of those concepts. However, no one has come forward.

When 1 read the ACS retrospective on your web site, I began thinking about why such
claims haven't been made before. The sudden elimination of the project, followed by exits
and transfers of the architecture team members, must have meant that few, if any, original
ACS documents were saved by anyone. Thus the machine seemed to have just "vanished",
and there was little material evidence on which to base any retrospectives.

It vanished almost everywhere, that is, except in a notebook, documents and computer
listings that I compiled and kept stored away all these years.



Hopefully, the materials that I have saved can be used to reconstruct many details of ACS
machine architecture, and more fully document the accomplishments of the ACS team. I'm
interested in helping with such an effort, and in helping contact other ACS alums who might
have original artifacts and personal knowledge of events there.

The years I spent at IBM-ACS were among the most intellectually exciting of my life. It
was an incredible opportunity for me to be able to work with John Cocke, Herb Schorr, Fran
Allen, Ed Sussenguth, Don Rozenberg and all the others upon just finishing my graduate
work at Columbia. Reflections on my experiences at ACS, and the documents relating to
my work there, may help you and others reconstruct the overall story.

When I joined ACS, the team was based at IBM Research in Yorktown Heights N.Y, and
the effort went by the code name "Project Y". I joined in a support role to build the
register-transfer timing simulator for the emerging supercomputer. In that role, I had
ongoing access to almost all the team's architectural discussions and debates.

During the early phases of the project, I became fascinated with John Cocke's "open
questions" about computer architecture. By an amazing stroke of luck, I hit upon a pretty
good general solution to one of those questions, namely the problem of multiple issuance.
The team was very democratic and open to suggestions and proposals from any member, at
any level. They listened to my ideas, and then acted on them.

We initially called the resulting invention "dynamic instruction scheduling”. It went on to
play an important role in the overall system architecture of the ACS main processing module
(MPM). Fortunately, among my documents are those describing this invention, and showing
how it was exploited in the ACS-MPM. These documents are identified in an annotated list
attached to this letter.

Included in the attached list are my reference notebook, the source code and a detailed user's
manual for the MPM timing simulator. During 1967, the timing simulator became the de
facto formal description of much of the machine's architecture. Therefore, these materials
can be used to reconstruct many details of ACS machine architecture. It's even conceivable
that a running timing simulator could be reconstructed someday, based on these materials.

Given the significance and impact of superscalar computers, I really do feel the need to set
the story straight, namely that the ACS machine, a long forgotten "orphan", was never really
dead. ACS lives on after all, as the original source of many fundamental innovations that
have since passed on into modern machines.

I commend you on your efforts to reconstruct events at ACS and to document details of
ACS machine architecture. The independent, detailed context that you have already
established, together with my materials, should at least confirm the origins of generalized
dynamic instruction scheduling. That invention is one of the coolest ideas I've hit upon. It
would mean a very great deal to me for its origins in my ACS work to be acknowledged.



I'm not sure how to best proceed from here, but I do suggest that initially we try to acquire
more materials, contact more ACS alums, work on a project timeline, etc., before releasing
further preliminary conclusions. Also, by putting more ACS materials on a web site, we
could perhaps clarify that a lot of materials do still exist, and thereby interest others in
participating in reconstruction efforts.

Many of the events surrounding ACS were shaped by internal IBM politics that I and most
of my colleagues were unaware of at the time. The sudden demise of the project completely
stunned us. I never understood why the decision had been made that ACS must be 360
compatible. However, it was clear right away that the 360 decision meant that the ACS
architectural innovations were going to be shelved.

You can imagine what the project's demise meant to those who had done the creative work
there. Sure, John Cocke went on to become famous among the cognoscenti in computing.
Indeed, four members of the early ACS architecture team, including John Cocke, Fran Allen,
Ed Sussenguth and myself, were later elected to the National Academy of Engineering for a
variety of other contributions. But imagine how much it would have meant to John and the
rest of us if the ACS designs at least had been saved, and approved for later publication.
Instead, almost all that wonderful work was discarded, as if it had never existed.

Since I'm not sure what sensitivities remain regarding theories about the project's
cancellation, I'd like to proceed carefully when gathering information on the overall story. It
is certainly important to try to contact ACS team members named in the various documents
in advance of any public uses of those documents. Efforts should also be made to involve as
many ACS alums as possible, so that a wider set of perspectives can be gained and a more
thorough history compiled.

I really enjoyed talking with you recently about ACS. Ilook forward to interacting with you
further on this interesting project.

Sincerely,
) -
(o
y NI Q)lbu(i%
/ o

Lynn Conway

Professor of EECS, Emerita
University of Michigan, Ann Arbor, MI

Attachment: Annotated list of reference materials regarding the ACS-1 machine
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DYNAMIC INSTRUCTION SCHEDULING

" INTRODUCTION

The order in which the instructions comprising a program are
to be excecuted is normally assumed to be given by the order in
which the instructions are held in program storage and by the
sequencing control indicated by transfer and conditional transfer
instructions. However a programmer, or compiler, can produce
many different but equivalent versions of a program merely by .

. making minor alterations to the sequence in which instructions

are placed. Normally the actual choice among these alternative
sequences will be somewhat arbitrary, though careful- programming
or compilation often involves an attempt to design a program
whose detailed sequences are tailored to make best -use of a com-
puter's control and functional capabilities. This can be partic-
tnilarly worthwhile for computers whose internal organlzatlon has
been designed to attempt to overlap the use of its various func-
tlonal capabilities.

Take, for example, a computer which initiates execution of
instructions in strict sequence, without necessarily awaiting the
completion of one instruction before execution of the next instruc-
tion, provided that the operands of the second instruction are
ready, and the necessary busses and functional units are available.
On such a computer the sequence (written here for convenience
in a 3-address format) :

R, + R —>R3

1
1 x’R4 - RS
6

+R2.;R7

R3J;R6.9R8

- -

might well be preferable to

R, + R -}R3

R. + R

e'R7 .

R, xR

[ _JE C I V]

-9R5

W - O e

R xRG—)R8

'if the adder and ﬁﬁiﬁiplie; were independent functional units.
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Thus if really effective use is to be made of the internal
capabilities of such a computer, careful attention must be paid
to the detailed sequencing of instructions in frequently executed

..portions of a program. .This 'scheduling' can be.done by an ambitious

optimizing compiler, or an extremely conscientious hand-coder. _
There is often, however, a difficulty in achieving really optimum
sequencing by such means--that of the effects of ‘memory interfer-
ence, which if present will cause variations ih the times which
operands take to reach the arithmetic and control unit from storage.
The effects of such memory interference will not usually be calcu-
lable in advance of program execution, particularly if the inter-
ference is caused by autonomous I/0 units using the memory.

Thus there is often cause to consider the possibility of supple-
menting (or even replacing) the static scheduling performed by
coder or compiler by dynamic scheduling performed by the computer
as it executes a program. In this paper we describe a technique
of dynamic scheduling permitting non-sequential instruction execu-
tion. Furthermore, the technique presented is shown to be capable
of controlling the simultaneous execution of two or more instructions
at a time on machines with sufficiently generous bussing and func-
tional capabilities. 1In any actual computer design care would of
course have to be taken to ensure that any possible gains achieved
by such dynamic scheduling were not offset by the cost (both in
speed and in circuits) of the extra hardware necessary to perforn
the scheduling. ’

The scheme presented uses a very general, but conceptually
simple, method of controlling non-sequential instruction execution,
and of identifying groups of instructions which are mutually
independent and can be executed simultaneously. Brief descriptions
of earlier schemes for achieving some of these aims have been given
by Amdahl [1], Chen [2], and Thornton: [3]. :

. ! ®
]
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NON-SEQUENTIAL INSTRUCTION EXECUTION

In this section we restrict our attention to the sequencing
of straight line coding comprised of instructions, the locations
of whose operands and results can be determined directly from the
instructions themselves, rather than needing any address computa-
tion to be performed.

‘The sequence in which a series of instructions have been written

‘implies the total effect that these instructions are intended to
- have when executed. Each separate instruction -contributes to

this total effect by performing its operations on the contents

- of certain registers (accumulators, index registers, indicators,

etc.) and setting its results into other registers. A dynamic
scheduling technique has to insure that any instructions obeyed

out of sequence do not change the contents of any registers which
are to be used by any instructions whose execution has been delayed
temporarily. :

A simple set of rules for determining if a given: instruction
can be obeyed out of sequence is as follows:

(i) The requireg busses and functional units are available.

(ii) The instruction must not use any registers which are
' used as result registers by instructions whose execu-
tion has been initiated but not yet completed.

(1ii) The instruction must not use as result registers any
 registers which are used as operand registers by any
preceding instructions which have not yet been initiated.

(iv) The instruction must not use any registers (either ‘
as result or operand registers) which are used as result
registers by any preceding instructions which have
not yet been initiated. :

These checks can be made in a systematic fashion using what
are here called 'sequencing matrices'. Two matrices are used,
namely a 'source matrix' (S) and a ‘'destination matrix' (D).

At each cycle, when the machine is attempting to choose an instruc-
tion to . be executed, rows in these matrices are set up correspond-
ing to each of the instructions which are being considered by the

8cheduling machanism. (The cycle referred to above is a clock

cycle, which corresponds to the maximum rate at which instructions

‘can be initiated, and will presumably be much shorter than a

storage cycle.) The elements in each row of the matrices indicate
whether a given register is being used, or will be affected, by
the corresponding instruction. o

o - - ook
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. to one if execution of the i

A ———— e kA
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The element S . is set to one if the ith instruction uses

the contents of reglster j as an operand. The element Di 3 is set
* [ 4

jth instruction will cause the contents

of register j to be replaced.

_ Take, for example, a very simple machine with eight registers
and a 3-address format, using a scheduling mechanism that processes
four instructions per cycle. A typical situation would be:

- . .

Instruction Source Matrix Destination Matrix
12345678 ' 12345678
1. R3-FR4-)R7 1111l 1
2. R7 X R2—9R4 1 1 1
3. R, + R,™R 1h | : 1
4. .RB < Rl-éR8 1 1 | 1
Fig. 1

Thus each row has been set up by proce551ng the register
address.fields of the corresponding 1nstruct10ns, and converting
these addresses into unary form. However in more realistic machines
the setting up of the matrix elements would not be so straight-
forward. Almost certainly it would involve decoding the operation
code part of the instruction to determine what implied registers
are used by an instruction in addition to those indicated by address
fields.

In addition to the matrices, which provzde a conveniently
coded form of indicating the regxster requlrements of instructions
awaiting execution, a 'busy vector®' (B) is used to indicate the
current status of the machine registers. The length of the vector
is equal to the number of registers. The element BJ is set to

one when execution of an 1nstruction which will cause the contents
of register j to be replaced is initiated; it is reset to zero

- when the replacement has been completed.

.Once the sequencing matrices and the busy vector have been
set up as described, the basic algorithm for choosing an instruction
to be executed can be described as follows. Starting with the top
row of the matrices, each instruction is checked--instructlon i
can be executed if:

(1) The required busses and functiénal units are available.

(ii) The elements of B corresponding to the non-zero elements

of the ith rows of S and D are zero. : R -
~ - : ' : coS
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(iii) The elements above row i of the columns of D corres-
. ponding to the non-zero elements of row i of S contain
%? . only zeroes.

(iv) The elements above row i of the columns of S and D
‘corresponding to non-zero elements of row i of D contain
only zeroes.

Returning to the. previous example, with the busy vector set

up to indicate that certain registers, 3 and 6 for instance, are
still to have their contents replaced, by the action of previously
initiated instructions .

Instruction Source Matrix Destination Matrix Busy Vector
12345678 12345678 12345678
1. Ry+R>r | | hi] - 1 1 1
2. R7 X R2—+R4 1 1 1l
3. Rl + R2-’7R5 111 1
4. Rg % Rl—’RB 1 1 1
i Fig. 2

Instruction 1 cannot be executed because of rule (ii)

Instruction 2 cannot be executed because of rules (iii) and
(iv) ’ .

However instruction 3 can be execﬁted, provided that the
necessary bussing and functional capabilities are available.

Each cycle, while the scheduling mechanism is attempting to
choose an instruction to initiate, a decoding mechanism could be
processing a further instruction, taken from the address in the
instruction store given by an instruction counter. .In contrast

- to a conventional instruction counter, this counter does not
indicate which instruction is currently being executed, but rather
which instruction is next in line for processing by the scheduling
mechanism. With non-sequential instruction sequencing it is not
possiblée to have a conventional instruction counter. This can
in certain circumstances be a disadvantage of the system, and
is discussed further below. ' ‘

At the end of a cycle, if an instruction has been chosen
(it is of course possible that none of the instructions can be
initiated until some of the non-zero elements of the busy vector
become zero), the rows corresponding to the instruction are removed
from the matrices. The remaining rows are then pushed upwards.
’ ; ‘ 06

N
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to fill in any gap, the bottom row of the matrix is.replenished
" using the instruction which has just been decoded, and the instruc-
‘tion counter is incremented.- All is then ready for the scheduling

- -—-mechanism to again scan the matrices in an attempt to choose another

1.
2.
3.
4,

<4nstruction to initiate.

. ‘In the above example, the situation at the start of the next

cycle might be (assuming that registers 3 and 6 have still not had
their contents replaced) as shown in Fig. 3. During this cycle the
Divide instruction will be chosen for execution.

- Instruction  Source Matrix Destination Matrix Busy Vector
12345 6 78. 12345678 12345678
Ry + R, Ry 1j1 1 ' 1] {11
R, x R, R, 1 1 1
=R8 $ R1 R8 1 1 1
Rg = Ry Ry 1 |2 1
Fig. 3

In the above general description of the proposed technique
for non-sequential instruction execution the discussion has been
limited to the scheduling of straight-line coding composed of
instructions whose register requirements can be determined immedi-.
ately from inspection of the instructions. The next two sections
of this paper deal with the effect of unconditional and conditional
branch instructions, and with a technique for scheduling instruc-
tions which refer to indexed addresses in storage.

o7
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UNCONDITIONAL AND CONDITIONAL BRANCHING

-+~——-;--—-There is one kind of branch instruction, namely the unconditional

branch to an explicit instruction address, which can be handled very

. simply, without recourse to the sequencing matrices. The instruction

is executed as soon as it has beeén decoded, causing the appropriate
modification to the instruction counter which indicates the location
from which the sequencing matrices are to replenished.

The other types of branch instructions, where the branch address
and/or the question of whether the branch is to be taken. cannot be
determined directly from the instruction, but rather depend on the
contents of one or more registers, cause rows to be entered into
the sequencing matrices in,the usual way. However refilling of
the matrices then stops until the branch instruction has been
executed and any necessary modification has been made to the instruc-
‘tion counter. Thus once such a branch instruction has entered into
the matrices, the matrices will gradually empty until the execution
of the branch instruction permits refilling to begin. This means
that every effort should be made to initiate execution of the branch
instruction as soon as possible, and that once the branch instruction
has been executed, empty rows of the matrix should be replenished
as quickly as possible. Otherwise, the matrices will spend ‘much
of their time only partly full, and the chances of finding an
executable instruction each cycle will be considerably reduced.

Since a scan of the matrices enables all the executable instruc-
tions to be identified, what is required is to ensure that a branch
instruction is given priority over any other executable instructions.
The simplest way of doing this, since there can never be any instruc-
tions in the matrices below a branch instruction, is to always choose
the lowest executable instruction, whether or not this is a branch
instruction. However it could be argued that this is taking
unnecessary liberties with the sequencing of a program, which will
cause undue complications in program debugging. The alternative is
to arrange some system whereby if there is an executable branch
instruction it is initiated, but that otherwise the highest
executable instruction is chosen. -

The second requirement, that of speedy replenishment of the
matrices once a branch instruction has been executed, required decoding
facilities operating in parallel on several instructions. The alter-
native of relying solely on the normal decoding and replenishment
mechansim, which fills only one row each cycle, is unlikely to be
adequate. '

An 'Execute' instruction, which can be regarded as a temporéry
branch for the duration of a single instruction, involves only
slight extensions to the above system. Filling of the matrices is

- -halted once an Execute instruction has been reached, until it can

be obeyed and the instruction which it specifies can be fetched
T 6ol
D . - o ‘ - - _ L. Conway
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and placed in the matrices.

Execute instruction. -

.—8-

- Unless this is another Execute instruc-s
tien, or a branch 1nstructlon, filling of the matrices cdn then be *

resumed, starting with the 1nstruct10n following the original

6'067
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THE SEQUENCING OF STORAGE ACCESSES

[4

‘Another area where dynamic scheduling can be of value is the
sequencing of accesses interleaved storage. -Such storage is char-
acterised by the fact that access to one of the autonomous memo
units, or of which the storage is comprised does not have to await
the completion of previous accesses to other boxes. Rather, storage
accesses can be made at the rate at which they can be accepted
by the bussing system, provided that repeated accesses to the same
box are sufficiently separated. Thus the problem of sequencing
storage accesses can be regarded ds having similarities to that of
sequencing instructions, with boxes taking the place of registers,
and 'bus slots' the place of clock cycles.

The particular box involved in a storage access is determined

- from the effective address of the location to which access is being

made (typically a group of the least significant digits of the address
is used). Such an address will normally be the result of a calcu-
lation involving the contents of one or more registers. Thus the

box used by a storage access requested by a register load or

store instruction cannot be determining -directly by examination of

the instruction, it being necessary to wait until the effective :
address can be calculated. ' .

. Though one can conceive of a single scheduler being used for
sequencing both instructions and storage accesses, it seems more ¢
reasonable to have a second scheduler just for sequencing storage
accesses, operating in conjunction with the instruction scheduler.
The storage access scheduler could operate according to the same
general principles as the instruction scheduler, using source and
destination matrices (SA and DA' say), and a busy .vector (BA),

whose respective columns and elements correspond to the various boxes.
It would receive requests for storage accesses both. from the ..
instruction scheduler, on behalf of load and store instructions,

and from the instruction fetch mechanism which is used to replenish
the instruction scheduler. :

The instruction scheduler described above is designed on the
assumption that once an instruction is removed from the matrices
and issued, it no longer has any demands on the registers that it
uses for its operands. Therefore, a set of buffer registers are
included in the storage access scheduling mechanism to hold the
contents of registers which are to be stored, until the required
storage access can be initiated. .

Certain constraints must be placed on the order in which storage

access requests:can be issued to the storage access scheduler from

the instruction scheduler. For example, a store request must not
be issued to the storage access scheduler before any preceding load

~.request. Only when the boxes involved in these requests have been

determined will it be possible for the storage access scheduler to
: ‘ : : ' ' o0
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perhaps make such modifications to the sequencing of storage access
requests. In fact what is necessary is for the instruction scheduler
to treat the store as a single extra register. Therefore an addi- -
tional column is added to the S and D matrices, and an element is
added to the busy vector. However this extra busy vector element

. is not set to one unless the storage access scheduler is unable to
accept any further storage access requests. All load instructions
have the extra element in their row of the S matrix set to one; all
store instructions have the extra element in their row of the D ‘
matrix set to one. The normal sequencing rules will then apply
the necessary constraints to the issuing of access requests.

Figure 4 demonstrates the setting of the matrices and busy
vectors of the two schedulers on a machine with 4 registers and 4
storage boxes. The instruction scheduler processes six instructions
per cycle; the storage access scheduler processes four access
requests per bus slot. Instructions are either 3-address format,
or specify single-indexed loads and stores.+ The vector B indicates
that registers Rl and R3 are still involved with previously

initiated instructions, and that the storage access scheduler has
capacity for further storage access requests. The storage access
scheduler contains only three access requests--a load of register
R3 from address 53 in box 1, and a store of the literal 91 {(the

contents of some register) in address 29 of box 2, and a load of

register Ry from address 25 of box 3. The vector B, indicates

£ that box 1 is still involved in some earlier access request.

When the instruction scheduler initiates execution of a load or

" store instruction the rows corresponding to the instruction are
removed from the S and D matrices, and the B vector (except for

the last element, corresponding to the store) is updated in the
.usual way. The effective address is calculated, and it and the
address of the register to be.loaded or stored are transmitted to
the storage access scheduler (together with the contents of the
register, in the case of a store instruction). This storage access

request causes the highest unoccupied row of the matrices Sa and Dy

to be set up so as to indicate the box requirements of the request.

£
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INSTRUCTION SCHEDULER

-8 D B
1 112131478 1]2i3747s 1j2i{3[47s
T- k. Ry + Ry—3R, 11ja . 11 1] |1
2. S[Rl + 2]—>R3 1l 1 1
3. S[R2 - 1]~)R4 1 1l 1
5. R; X Ry =Ry 1{ 11 1
6. R4 - R_.L—->R2 1 ) I 1l
{b . STORAGE ACCESS SCHEDULER
Sa Da . By ¢
I[2T314 172713714 2131714
1. 1:53 R, 1 ' 1
2. '91' 2329 1
4. - -
- Fig. 4 Example of a 4 Register, 4 Storage Box
Machine '
A o
R OIS
L. Conway
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The matrices SA and DA are scanned each bus slot time, in ordef

- to choose an access request which can be issued ahead of any preceding

requests which are held up, and which does not involve a box indicated
by the vector B, as being still involved with a previous access.’ The

corresponding to this request are removed from the matrices, the rows
are pushed up to fill in the gap, and the busy vector updated. When
a storage access to a box has been completed the corresponding element
of By is made zero once again. If this access was on behalf of a load

instruction, the appropriate element of B is made zero when loaaing
of the register has been completed. .

Returning to the example demonstrated in Fig. 4, the situation
after one machine cycle and bus slot time is shown in Fig. 5. The
third instruction, a load instruction, has been chosen for execution,
the effective address specified by it has been calculated to be
location 57 of box 4, and it has been issued as an access request to
the storage access scheduler. Meanwhile the second storage access
request has been issued, the preceding request being still blocked
because the required box is still involved in an earlier access.

‘o
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INSTRUCTION SCHEDULER

S D
112i{3141S 213148 11213[4]s
31 + R2 R3 1|1 1 1 1
S~{R, + 2] .R3 1' 1 Y
Rz S[Rl + 1] 1i14- . l .
R1 pd R3 R1 . 1 1
R4 - R1 Rj. 1 1 1l
R2 S[9] 1l 1
[ 4
STORAGE ACCESS SCHEDULER
SA BA
112,374 34 1121314
1:53 R3 1 N 1|1
3:25 R1 1
4;57 R4 1
) [ ]
r ]

Fig. 5. The Example of Fig. 4 One_Cyé

Lgter

-

.

le and One Bus Slot
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There are many possible variations on this scheme for sequencing
storage accesses. For instance, one can dispense with extra buffer

.registers and continue to hold quantities in the working registers

until the appropriate memory unit can be accessed. What is required
to avoid unessential slowing down of the instruction scheduler is
that- the registers used in the calculation of the effective address
be released before the instruction is necessarily removed from the
matrix. This. introduces a new complexity. Previously an instruc-
tion was not modified in the matrices, except for its possible bubbling
towards the top, until its complete removal from the matrices.

The bits in the source matrix corresponding to those components
of the effective address calculation would beset to zero as soon
as they are used. This at least releases those registers for use
in further calculations. One might further refine interlocking
on register usage so that effective address calculations were per-
formed before the contents of the register to be loaded or stored

were available. ~

. Indirect addressing can be handled in much the same way as
branch and execute instructions. If the various levels of indirect
addressing use new indexing registers, at each step then no instruction
can be permitted to be executed whicl may result in any register
modification. Unless memory read buffers are present this effec-
tively means that indirect addressing will stop instruction initiation
though matrix replehishment can proceed. 1If indirect addressing does
not require new indexing registers but simply generates new memory
store access requests then only succeeding store instructions must
be inhibited until the indirect addressing chain is terminated.

-~

"
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SIMULTANEOUS EXECUTION OF INSTRUCTIONS

The instruction scheduling method described above uses the
sequencing matrices in order to detect which instructions can be
obeyed out of sequence. As a byproduct it automatically detects
which-4instructions can be initiated simultaneously, at least in so
far as register usage- is concerned. Thus, given sufficient functional
capabilities and sufficient busses between registers and functional
units, the scheduling scheme can be used to control the simultaneous
initiation of instruction execution. The matrix scanning :algorithm
would remain unchanged, though from a hardware point of view if not
conceptually the procedure for compressing the remaining rows in
the matrices upwards to fill in any gaps becomes more complex.

We assume that the machine has @ number of indépendent func-
tional units-in addition to the memory and branch control units.
Typical additional independent specialized functional units are
floating point add/subtract, multiply, and divide units. We make
the further assumptions that each functional unit has  a buss connect-
ing with the registers and that there is only one functional unit of
each type. The complexities that arise when these assumptions are
removed will be discussed below. '

The requirements for simultaneous initiation of instruction
execution is the addition of a bit to the busy vector for each
functional unit that cannot accept operands every cycle and a column
appended to the destination matrix for every functional unit.

The busy vector bit corresponding to the functional unit is
turned on by the initiation of execution of an instruction in the ¢
corresponding funtional unit. The busy vector bit is turned off when
the functional unit is able to accept a new operand pair.

. Rule (i) of the sequencing algorithm given informally above can
here be stated as: the elements of B representing the functional
units must have zeros corresponding to non-zero elements in the

ith row of D. The elements above row i of the columns of D corres-
ponding to the non-zero elements of D contain only zeros.

The operation code portion of the instruction is decoded to
the extent that it is known which functional unit is going to execute
the instruction. This information sets a one in the bit position
whose row index corresponds to the instruction and whose column
index corresponds to the functional unit. '

Going back to the example used in Fig. 2 and assumming that
the functional units are an add/subtractor that can accept a new
pair of operands every cycle, a multiplier and a divider that cannot
accept a new pair of operands every cycle, and a branch controller,

. we have the situation shown in Fig. S. : oo
) - ) \
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As in Fig. 2, Instruction 1 cannot be executed because of rule
(ii). 1Instruction 2 cannot be executed because of rules (iii) and
- (iv). In addition Instruction 2 cannot be executed because of rule _
(i), i.e., because the multiplier is busy. The execution of Instruc-
tions 3 and 4 can be initiated--they violate none of the rules on
register usage and the appropriate functional units are free.

As is done -in the sequential case, at the end of the cycle,
instructions that have been chosen for execution are removed from
the matrix. The remaining rows are pushed up to fill in the
gaps, and new instructions are inserted at the.bottom of the matrix
to replace those which have been initiated, and the instruction
counter is incremented.

In the above example (Fig. S5) the situation during the next
cycle might be as shown in Fig. 6. The instructions 1 and 2 are
inhibited by the same reasons as before. Since the Busy vector bit
corresponding to the Branch unit is zero (indicating no Branch
instructions in the matrix) new instructions can be entered. The
new instruction 3 (R6 - R3—9R3) is inhibited by rules (ii) and (iv).

The new fourth instruction specifies a branch to the memory
locations specified by the contents of register R1 plus 71 ©

if register R, contains a zero. Since all of the registers used by

this instruction are free this insfruction can be initiated. Since
we still can have but one branch instruction in the matrix at a

time no Branch column on the Destination” matrix is needed though the
equivalent may be needed by the replenishing mechanism. The Branch
bit on the Busy Vector is needed to inhibit the matrix replenishing
hardware. ) .

In the case of the sequential control the point was made that.

preference should be given to branch instructions. Here, because one
can say that each functional unit is looking for work, no special
priority need be given to a branch instruction. :

1
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@ . SOURCE MATRIX DESTINATION MATRIX BUSY VECTOR BRANCH
o 12345678 12345678x% <+ 12345678x4%+<

Ry + Ry Ry || 2(1] 1 1 ;! 1 1l

* ) .

R, * R, R, | |1 1 1 1

Ry + Ry Rg 1|1 : . 1 1

Rg 3 R, Ry |1 1 . 1l |1

Fig. 5. Example of Multiple Instructions per Cycle Initiation--

Cycle 1..
SOURCE MATRIX DESTINATION MATRIX " BUSY VECTOR BRANCH
12345678 12345678x++ 12345678x3
R, 1 1{1 1 1 il {111] (1] |1
R, 1 1 1 1
Ry 1 1 1 1
R, =0 1]1

Fig. 6. Example of Multiple Instructions per Cycle Initiation--
' Cycle 2. .

B | : ~ .

- . ‘ | 018

- L. Conway
Archives




| o

-18-

If more than one functional unit -of a given type exists but each

columns are added to the Destination Matrix.

-has its own busses then it is necessary to add a bit to the busy

vector corresponding to the new functional unit. No additional

In the discussions above it has been tacitly assumed that the

the scheduler dispenses
L _ If instead one takes
the approach that the functional units are active, and that the

functional units were completely passive since
operands to the functional units for execution.

- Sequencing matrixes are used by the functional units to provide - the
. necessary interlock information thén the handling of multiple

functional units of a given type is perhaps easier to -envision.
The functional unit then executes the uppermost instruction that
has a one in the column of the Destination Matrix corresponding to

the functional unit and has its registers free.

functional units the individual functional units

check the status of all life functional units.

With multiple

must in addition

If the number of instructions that can be initiated per cycle
is restricted by the number of busses, i.e., one has fewer busses
than functional units or rows in the sequencing matrices, one can
then take the approach that each instruction uses a functional unit
explicitly requested

called buss in addition to the functional unit
by the instruction.-

o9
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CONCLUSION

"~ 7—----In this paper we have described a dynamic scheduling mechanism
for providing a look-ahead capability which enables the execution

« of instructions to be initiated out-of-sequence. 1In addition the
mechanism is capable of controlling the éi-gltaneous initiation of
two 6r-more instructions. e

The generality of register and functional unit interlocking pro-
vided by the mechanism may well be in excess’of what is necessary
for a given computer design. The modifications to suit any par-
ticular design will usually be reasonably obvious and are beyond the
scope of this paper. : '
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EXN

g

T INTRODUCTION

_ A brief description of computer sitfwlation of physical systems in gen-

eral and the features of current simulation languages is given.

A technique is then described for simulation using FORTRAN IV, which
maintains the essential features of current simulation languages with
a great improvement in run times and core requirements.

This technique may be useful in the production of very large simula-
tion programs where run times and core requirements are such that
programming in existing simulation. languages may not be feasible.
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SYSTEM SIMULATION

Assume that it is of interest to study the behavior of complex systems
or automata. If the level of complexity is such that the number of

states of the system and the possible sequences of states is very large,

then a logical approach to such a 'study is to simulate the system
using a digital computer.

Physical systems are usually described in terms of laws or logical
rules relating causes and effects; i.e., a given state together with
inputs to the system causes or determines the state (or the proba-
bility of selecting the state) at some future time. The "behavior"
of the system is thus the sequence of states of the system during
the passage of time, in response to a specific input sequence.

A computer simulation thus consists of identifying variables which
determine the states of a system and the rules for future state
selection (the cause and effect relation) and implementing this
model with a computer program. Thus it is possible to artificially
experiment with the system, and to study the sequence of states for
chosen sequences of inputs, with time as an independent variable of
the simulation.

In simulating a system it is necessary to perform a computation only
at those times when a state or an input has changed since
it is only at such times that a future change of state. can be
caused. It is therefore not necessary to examine the system at
regular clocked intervals. 1Indeed, this may be vastly more efficient,
than examining a system at clocked intervals of simulated time

if the time interval between changes of state varies over a wide
range of values, - ‘

Thus it is found that digital simulation languages may provide the
programmer with utility routines for (1) providing a means of causing

- at future times those effects determined by past and present system

states and inputs, and (11) advancing time, as an independent variable
of the simulation, to the next scheduled effect (change of state)

or to the next change of the input sequence, and (1lll) passing control
to that subroutine which simulates the effect and which itself may
cause future effects. Perhaps the best known simulation languages

of this type are SIMSCRIPT and GPSS « These languages have

in addition to the above features a number of utilities which (1)

~ease the specification of variables and events, (2) ease the writing

of the simulation model description,and (3) simplify the production

- qf output routines.

_ . : , . ‘ ’ToQQ
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For many burposestthese additional utilities are not essential.
* Indeed, they may cost a high overhead in terms of core space and.
.running time. : .

GPSS has eased the writing of the simulation to the point where
one often cannot specify sufficiently complex tests for branching.
Thus, it does not document well a complex description. SIMSCRIPT
is sufficiently general but a high cost is extracted in storage
and running time because it attempts to simplify the handling

of variables. '

So, to have a powerful simulation language or technique without all
the unnecessary utility features of existing languages, it was
decided to write utility routines to perform the basic simulation
requirements. A decision had to be made on the language in which
to write the simulator utilities routines and also the simulated
system description.

If it is important to use the program listings as documentation of
the model, a high level language may be necessary. Otherwise,

an assembly language might give slight time and storage advantages.
In either case, it is desirable to use a common language which runs
under a reasonably powerful operating system.

Since in most detailed simulations, the exact model description and

documentation can only reside in the simulation program listings,

a high” level language was chosen as the basic languagez

Thus, the utility routines described in the following sections and
- the model descriptions are all written in FORTRAN IV which is a

common high level language running under IBSYS. IBSYS is an

operating system which is sufficiently powerful so as to be a

valuable aid in running and debugging programs., '

% Lo o ' ' . - 1: ;'foé5'

L.Conwoyg
“Archives




WP

.routine REMOVE is included.

- THE FORTRAN IV SIMULATION ROUTINES

1

A geﬁéfal deééription of the simulation utility routine written in

FORTRAN IV follows.

The central idea in the operation of the simulation program is the
ordered placement of -event notices into a calender of future events
as the related cause statements are encountered. The calender -is
ordered according to increasing time of occurrence. When an event
terminates (i.e., the event subroutine terminates), the ordering
of the calender ‘indicates the most imminent event and its scheduled
time of occurrence. Thus time can be advanced to that scheduled
time and the appropriate event subroutine can be called.

A set of arrays, located in blank common, comprise the calender.
An event notice consists of one element from each array with
the same index. Each notice contains linking information, the

‘scheduled time of occurrence, an indication of the event routine

to be called, and three parameters, to be used by the event routine.
An event notice will be said to occupy a row of the calender.

During the execution of an event routine, conditions may call for

the causing of an event. This is implemented by calling utility
subroutine CAUSE with the parameter set: Name of event routine
being caused, the time at which the event is to occur, and zero to
three parameters to be passed to the event routine. The utility
subroutine CAUSE will place in the calender the appropriate event
notice. An event may cause any number of events including itself
to occur at a future time. -

After completion of an event routine,,control is returned to
routine MAIN. MAIN then calls the utility TSTEP which extracts

the next most imminent event from the calender, sets simulated time
to the scheduled time of that event, and transfers control to the
appropriate event routine. Upon completion of one event routine,
control is passed to next most eminent event routine which will
then have the capacity for causing additional events.

In some instances- it is desirable to cancel an event which may have
been scheduled for the future. To accomplish this a ‘utility sub~-
It is called with the name of the

- the calender for the first instance of an event notice having

the name of the,event to be canceled. That event notice is then

j'_removed._

The rbutine package for any given simulation would contain MAIN,
CAUSE, REMOVE, and TSTEP plus all of the event subroutines*nedessary
for specifying the model being simulated. CAUSE, REMOVE, and TSTEP
are all utility subroutines which are invariant from one simulation
to another. MAIN varies from one simulation to another only in that
o - 026
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e it is desirable to have MAIN contain common statements which include
"* "all the systems variables and initializations of system variables.

[s3e

Included in COMMON are the special variables and the system

« variables. The special variables include the calender arrays; TIME-
the current value of simulated time; IPAR 1, IPAR 2, and IPAR 3 -
the parameters associated with the current event; _ o

o ) ’ . and ISL and ITL - pointers utilized

in the calender manipulation. The system variables are those vari-
ables in terms of which the programmer describes his simulation
model. ' )

The calender consists of six single indexed arrays which are indexed
by the same pointer. Thus the calender will be referred to as
though it were a two dimensional array with six columns. Column 1
contains linkage for the ordering of event notices. Column 2
contains the time of occurrence while Column 3 contains the
reference to the event routine. The remaining columns contain
parameters to be passed to the event routine; associated with the
event are two pointers - ITL which specifies the next most

imminent event and ISL which specifies the row to be filled by the
next call of subroutine CAUSE. : .

As part of the initialization in MAIN, the linkage in the calender

is set up. The first row is linked to the second, the second to the
third, and so forth. The link in the last row is set to zero to
indicate the end of the chain. The first row of the calender is

set to indicate an event with a very large value of scheduled tire.
(This simplifies the calender searching in CAUSE. Finally, ITL

is set to 1 and ISL is set to 2. : o T

To schedule an event (i.e., place an event notice in the calender)
the time of occurrence, the event routine reference, and the three
input parameters are stored in positions 2 through 6 of the row
indexed by ISL. Following this, ISL is set equal to the value
of the link in the same row. Next, column 2, the time of occurrences,
is searched beginning with the row designated by ITL in the order
given-in column 1, the linkage column. The object of that search
is to find an event row k with a time of occurrence which is greater
than the occurrence time of the event being scheduled. When such

- @ row is found, the links are adjusted to schedule the new event
ahead of the event in row k. The initial event in row 1 guarantees
that we find a row k. :

.. Whenever TSTEP is called, position 2 is stored in the COMMON variable
- TIME, and positions 4, 5, and 6 are stored variables IPAR 1, IPAR 2,
- and IPAR 3. In addition, the old value of position 1 goes into

ITL, the old value of ITL goes into ISL, and the old value of ISL

goes into position 1. Finally, the event routine reference is

used to call the appropriate event.

An example will now be given to illustrate calender manipulation.-OL7A

o
z?

Assume that the calender is in the state given in figqure 1.
ceo ‘ _ L. Conway
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N Calender
- ' J\‘
. r n ) ""“\\
Index Link Time Event Reference Par 1 Par 2 Par 3
1 0 1030
2 4 1.0 Event 1
3 6 2.0 Event 17
4 3 1.5 Event 3
: 'S 1 4.0 Event 9
6 5 3.0 Event 5
7 8
8 9 .
9 10
IsL=7, ITL=2
- T : FIGURE 1
%. - . S e
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The resylt is shown is figure 2.

(.2

i
P
:

CALL CAUSE (EVENT 12, 3.25, 0, 0,

o Assume thét the next encountered utility call is

Index Link Time Event Reference Par 1 Par 2 Par 3
1 0 1030
2 4 1.0 Event 1 .
3 6 2.0 Event 17
4 3 1.5 Event 3
5 1 4.0 Event 9
6 7 3.0 Event 5 )
7 5 3.25 Event 12
8 9
9 10
~_ISL=8
FIGURE 2
-~ - O'LCT'
- L. Conway |
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- If the next encountered utility call is:

CALL

TSTEP

The result is given in figure 3.

- Index

-8

O 0 N o n

Link

-

Time Event Reference Par 1 Par 2 Par 3
0 1030
8
6 2.0 Event 17
3 1.5 Event 3
1 4.0 Event 9
7 3.0 Event 5
5 3.25 Event 12
9
10
IiTL=4, ISL=2
FIGURE 3

030
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. The final subject of this section is the transfer of control to

the intended event subroutine when the statement CALL TSTEP is
encountered in MAIN. Two satisfactory methods have been used. The
first method utilizes FORTRAN IV in a perfectly straight forward
manner and is the method to be described in this report. The
other_method (Method 2) has the advantage of being simpler and
easier-to use than Method 1, but has the disadvantage of depending
on specific characteristics of the IBM 7090/94 IBSYS compiler.

In using Method 1 a variable in a 'block of named common

is defined for each event routine. This variable is the event
reference mentioned earlier and is thought of as the event name
while the event subroutine name consists of the same FORTRAN N
symbol prefixed with an X. For example, a particular simulation
model might consist of the following five events. The correspond-
ing subroutine names are also given below.

) Event Names Subroutine Names
MOVE X MOVE .
- GENER X GENER (A)
DELAY : X DELAY
PROC | X PROC (X,Y,Z)
FINIS - X-FINIS

Further, it is required that the event names be assigned unique
integer values from 1 thru N where N is the number of events.
The initialization of event names may be done in routine MAIN.
The organization of MAIN could be as follows:

COMMON 1 1 - . . )

COMMON /NAMES/ MOVE, GENER, DELAY, PROC, FINIS -

INTEGER, GENER, DELAY, PROC, FINIS

C SYSTEM INITIATION STATEMENTS

C  CALENDER INITIALIZATION STATEMENTS

MOVE = 1

GENER = 2 | ‘ -
DELAY = 3 = . < o TOn|
PROC = 4 - L. Conway
FINIS = 5 - Archives




C PLACE INITIAL EVENT NOTICE
) CALL CAUSE (MOVE, 1.0, 0, 0, 0)

1000 CALL TSTEP (NEVENT)
: GO TO (1, 2, 3, 4, 5), NEVENT

1 CALL X MOVE
GO TO 1000

2 CALL X GENER (IPAR 1)
GO TO 1000

3 CALL X DELAY
GO TO 1000

4 CALL X PROC (IPAR 1, IPAR 2, IPAR 3)
GO TO 1000

5.CALL X FINIS
GO TO 1000

END

Thus TSTEP returns as the event reference the event number defined

25‘ in the initialization of event names. The event number is then
used to branch to the statement which calls the intended event
subroutine. ’

Method 2 requires less bookkeeping ‘on the part of the programmer.
The event subroutine names are the same as the event name and are
not included in COMMON. Further, the statements for entering the
event subroutines are unchanged from one simulation to another as
contrasted to Deck MAIN of Method 1 which must be modified whenever
an event is added or deleted. However, one special variable
MYSELF is located in COMMON. Its use will be developed later.

Referring to the above example, assume that it is desirable to
have event MOVE cause event DELAY T units of time in the future.
Subroutine MOVE will contain the two following statements:

Subroutine MOVE

EXTERNAL DELAY

CALL CAUSE (DELAY, TIME + T, 0, 0, 0)

=h - . . _ --. v - | . 7 _'- SL .
? : RETURN I °
' . - L. Conway
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) When subroutine CAUSE is entered the address associated with the
L * parameter DELAY is the address of the entry point in subroutine
---DELAY. . Therefore, what gets stored in column 3 of the calender
is the first executable instruction in subroutine DELAY. Thus,
the event references mentioned above are the first instructions
of the event subroutines. As will be apparent below, this Method
2 mechapism works because the first instruction of a subroutine
is always a transfer to the prolog of the subroutine.

In deck MAIN, thg subroutine selection statements are:

1000 MYSELF NEVENT (ITL)
CALL TSTEP (MYSELF)
GO TO 1000

When statement 1000 has. been executed MYSELF contains the first
instruction of the event routine to be entered. Following that,
subroutine TSTEP is called with the address of MYSELF as the para-
meter address. . '

The form of TSTEP is:

SUBROUTINE TSTEP (DUMMY)

L3
- L

IPAR 1
IPAR 2
IPAR 3

CALL DUMMY (IPAR 1, IPAR 2, IPAR 3)
RETURN
END

The address of DUMMY is, remember, the address of MYSELF. The
CALL DUMMY is translated into the following instructions:

TSX  MYSELF, 4
TXI 3
- ) “PZE
| PZE IPAR 1
PZE  IPAR 2

&% - pzE 1IPAR 3 | | o T 033

- L. Conway
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=™ . The TSX MYSELF, 4 instruction causes the control to transfer to
«# " a location-in COMMON with linkage established in index register
-~ —-4, -As mentioned above the first instruction of a FORTRAN IV

' subroutine compiled by IBSYS is always of the form: '

TRA Prolog

Therefore, after the TSX transfers control to the location of
MYSELF, the value of MYSELF transfers contol to the prologs of -
the desired event without modifying the return or parameter
linkage. This is precisely the desired transfer.

The variable MYSELF serves one other important function.
Because FORTRAN does not allow a routine to contain an EXTERNAL
statement which contains the name of that routine, event routine
MOVE cannot contain a statement of the form:
CALL CAUSE (MOVE, . . . .).
- However, the desired effect will be obtained using:
CALL CAUSE (MYSELF, . . . ). - .

The complete listings of the utilities routines required for
both Method 1 and Method 2 are given in the appendices.

3 T - - I o S f  | .  ol
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'EXAMPLE

An example will now be described which illustrates the details of
implementation of a system simulation in FORTRAN 1V.

The system under study will be a simple computer memory queue.
Suppose a computer has several independent memory boxes. We
may thus queue up memory requests and each computer cycle
examjne the queue and the memory boxes to see if there is a
request on the queue for some non-busy box. A simulation will
enable us to experimentally determine such things as average
time on queue, average queue length, etc., as a function of re-
quest generation rate, number of memory boxes, and the memory
cycle time.

The system may be roughly described as consisting of three parts,

a the followi di m:
s in e owing diagra *{ES:}““—* MEMORY
A . , BOXES
" }—

Generator of Memory
Memory -{> -{>
- Requests Queue _

Mn

The generation of memory requests will be artificially modeled
by forming either no request or one request per computer cycle,
according to some probability, with the box number of the re-
quest chosen at random. A generated request will be placed on
the queue, if thereis space for it. Every cycle, the queue will
be scanned for the first request for a free memory box. If _
one is found it will then cause the memory box to be set busy
for the cycle time.

A detailed description of the simulation now follows, with

- the FORTRAN IV eventsubroutinesseparately listed and described.

GENER

The simulation of the generation of requests is performed by
GENER, -a routine which first causes itself one cycle later and
thus runs every cycle. GENER causes a request to be generated
if a random number, uniformly distributed between O and 1, is

found to be less than the specified probability of generating -
one request in a cycle. 1If the request is to be generated, a
random number is then used to select a memory box for the request.
If there is room on the queue, the request is caused to arrive

at the queue.8 units of time later, at the "end"™ of the machine

cycle. The listing of GENER follows. )
- . ' _ . ' Te25H
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$IBFTC GENER

.. __ . SUBROUTINE .XGENER . .. — ..

‘COMMON _
‘C  GENERATE MEMORY REQUEST
- CALL CAUSE (GENER, TIME + 1.0)
CALL RANDOM (R)
IF (R.GT. PROBl) RETURN
CALL RANDOM (R)
BOXNO = (R * FLOAT (NBOX)) + 1.0
IF (QMPNT.EQ.NQM) RETURN
INUMB = INUMB + 1
CALL CAUSE (QBUSY, TIME + .8, BOXNO, INUMB)
RETURN
END

QBUSY

The event routine QBUSY simulates the arrival of a request
on the queue. This is done by incrementing the queue input

pointer QMPNT, and placing the instruction number and memory

box number into the queue array OM.

" $IBFTC QBUSY
SUBROUTINE XQBUSY (BOXNO, INSTR)
~ COMMON _
" C  PLACE REQUEST ON QUEUE
QMPNT = QMPNT + 1

Q4 (QMPNT, 1) = INSTR
QM (QMPNT, 2) = BOXNO
RETURN '
END

QMCON

The simulation of the control of the queue is performed

by QMCON. This event first causes itself to run again one -
cycle later. Then a scan pointer OMSCAN is initialized to
one.

The queue entry indicated by QMSCAN_;S then examined to see

°od6
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if the indicated memory box is busy. If it is, the scan
" pointer is advanced and the next entry similarly examined.
.7 If the box is not busy, the memory request is issued by
causing the events MBUSY.and QUEMP at .8 units of time later
* (at the “end" of the cycle), and by causing the event MCYCC

at a time .8 + CYCT later.

SIBFTC QMCON
SUBROUTINE XQMCON
COMMON _

C  QUEUE CONTROL, .SCAN QUEUE AND
C  SEND OUT MEMORY REQUEST, IF POSSIBLE

CALL CAUSE (QMCON, TIME + 1.0)
QMSCAN = 1

10 _ IF(QMSCAN, GT, QMPNT) RETURN

BOXNO

OM (QMSCAN, 2)

INSTR = QM (QMSCAN, 1) .
IF (MEMBSY (BOXNO).EQ. 1) GO TO 20
CALL éAuss (MBUSY, TIME + .8, BOXNO, INSTR)
CALL CAUSE (QUEMP, TIME + .8, QMSCAN)
CALL CAUSE (MCYCC, TIME + .8 + CYCT, BOXNO)
RETURN
20 QMSCAN = QMSCAN +1
IF (QMSCAN.GT.NQM) RETURN
GO TO 10 |
END

MBUSY

This event sets the indicated memory box busy by placing INSTR
into position BOXNO the array MEMBSY. : ' .

e

% $IBFTC MBUSY . : - e
. . L . - L. Conway
~“SUBROUTINE XMBUSY (BOXNO, INSTR) o 1 Archives
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C PLACE REQUEST INSTR IN MEMORY BOXNO
i emee—e- o~ - . MEMBSY (BOXNC) = INSTR - S I T
.o ‘ RETURN
. END

QUEMP

" This event removes the indicated entry from the queue, "moves
up” any following entries, and decrementsthe input pointer.

$IBFTC QUEMP
SUBROUTINE XQUEMP (QMSCAN)

COMMON _

o

.C REMOVE REQUEST AT QMSCAN FROM QUEUE
J = NOM - L . .
"DO 9L =1, 10
E DO 7 K = QMSCAN, J
s 7 M(K,L) = QM(K + 1, L) ‘
9 QM (NOM,L) = 0 .
QMPNT = QMPNT - 1
RETURN |
END

MCYCC

This event simulates the completion of the memory cyclé by
resetting the memory busy indicator of the specified memory
box. _

$ IBFTC MCYCC
- , SUBROUTINE XMCYCC (BOXNO)

COMMON _

-~ € AT MEMORY CYCLE COMPLETION, FREE BOX
% T MEMBSY (BOXNO) =0 _ SET -

_ _ ' .. Ce - L Conway §
_—— e o : ——v_—-REIPURN - x . -A _ Cee _,_'_‘_ R A[Ch‘ivrf‘f-"' R
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. STATS

';“:'included“in the list of events is one called STATS which is

L

an output routine. STATS causes itself one cycle later, and

* outputsthe current system status. The run stops if a

specified value of simulated time MAXT is exceeded.
SIB;‘TC STATS
SUBROUTINE XSTATS '
COMMON _
C STATS >IS THE OUTPUT ROUTINE
CALL CAUSE (STATS, TIME + 1.0)

S S S S

COLLECT AND OUTPUT SYSTEM STATUS - _
/ /‘ / / ',"b’/ ‘/_. /// ) .
/ ) / /’. // /
" IF(TIME .GE.MAXT) STOP '
RETURN
END
RANDOM . v
Random is a random number generator. The statement CALIL
RANDOM (R) returns R to the calling routine a value
between 0 and 1 withuniform distribution.
CAUSE
CAUSE is one of the simulation utility subroutines previously
specified in this report. It is called to place an event into

the calender.

TSTEP

TSTEP is one of the simulation utility subroutines previously

‘specified in this report. It is called from MAIN to advance

simulated time to that of the next event in time, and get the
parameters and number of that event. ) :

MAIN

MAIN is the first entered and “"main® routine of the simulation

program and performs a number of functions. First it initializes
?he common variables to zero. Then the run .parameters are read
‘into the--appropriate common variables. The calender is then

initial%zed with the proper linkage and starting events are
pPlaced into the calender with CAUSE statements. Following and

B9
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including the statement number 1000 in MAIN are the instruction
‘necessary to cycle thru the events in the calender.

Assume that the following COMMON and specification statements .
« are included in every routine described, and indicated by
"the statement: COMMON

COMMON TIME, ‘IPAR 1, IPAR 2, IPAR 3, ID, ISL, ITL,
1 LINK (200),CTIME (200), NEVENT (200), KOLI (200),
2 KOL2(200), KOL3(200), NBOX, NQM, CYCT, MAXT,
3  PROB1, QM (32,2), MEMBSY(64), QMPNT, INUMB
INTEGER QM,(OMPNT
REAL  MAXT
COMMON / NAMES / GENER, QBUSY, OMCON, MBUSY
( 1  QUEMP, MCYCC, STATS
INTEGER GENER, QBUSY, QMCON, QUEMP, STATS

‘The listing of MAIN follows.

$IBFTC MAIN
COMMON _ .

EQUIVALENCE (CQM (1), TIME), (X, CTIMEC(1l))
C MAIN INITIALIZES COMMON TO ZEROES. READS IN

C SYSTEM PARAMETERS, SETS UP THE CALENDER, INITIALIZES
C THE EVENT VALUES, PLACES STARTING EVENTS INTO THE

- C CALENDER AND THEN CONTROLS THE SEQUENCING OF EVENTS
DO 101 I = 1,3000

101 COM (I) =0
| . READ PROBl, CYCT, NOM, NBOX, MAXT
TIME = 0.0
- DO 92 ITL = 2,199

92 LINK (ITL) = ITL + 1

ISL = 2
% - ITL =1 , - | oo
: _ - N . o . Conway
X = 1.0E30 o | Archives
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-

™ o QBUSY = 2
h L _QMCON = 3 . )
. ~ MBUSY = 4
. QUEMP = 5
MCYCC = 6
STATS = 7 '

CALL CAUSE (STATS, TIME + 1.0)
CALL CAUSE (QMCON, TIME + 1.1)
CALL CAUSE (GENER, TIME + 1.1)
1000 CALL TSTEP (EVENT)
Go 1o (1, 2, 3, 4, 5, 6, 7), EVENT
1  CALL GENER
jco TO 1000

2 CALL XQBUSY (IPAR 1, IPAR 2)

GO TO 1000
3 CALL XQMCON
GO TO 1000
.4 CALL XMBUSY (IPAR 1, IPAR 2)
GO TO 1000
5 CALL XQUEMP (IPAR 1)
GO TO 1000
6 - CALL XMCYCC (IPAR 1)
GO TO 1000
7 CALL XSTATS
GO TO 1000
END S
e o o)

3
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L
c
_c’
¢
c 10
10
20
C
- 30

- 40

"LINK(LAST)=1D

_ . koL3cip)=1pr3

N .

_ . 03/718/6¢
CAUSE - EFN SOURCE STATEMENT - IFN(S) - '

4,

s SUBROUTINE CAUSE(IEV,T,IP1,1P2,1P3)
COMMON TIME,IPARL,IPAR2,IPAR3IDLISL,ITL,
XL INK{200),CTIME(200) ,NEVENT(200),KOL1(200),KOL2(200),K0L3(200)
' CAUSE CNTERS EVENTS ONTO CALENDAR
_ITL 1S LOCATION OF FIRST EVENT _IN CALENDAR
TISU 1S LOCATION OF FIRST AVAIL ROW IN CALENCAR

NEXT=TTL
GO TO 20 ' . '
LOOP UNTIL GIVEN TIME IS LESS THAN NEXT ENTRY IN CALENDAR
LAST=NEXT ' 4
NEXT= PINK{NEXT).
IF (T .GT. CTIME(NEXT)) GO 70 10
10=1SL
ISL=LINK(ISL) : -
LINK(ID)=NEXT
SEE IF THIS EVENT WILL BE THE FIRST ON THE LIST
IF (NEXT.EN. ITLIGO TO 40

CTIVYE (ID)=T
NEVENT(ID)=1EV
KOLL(ID)=IP1
KaL2(10)=1pP2

RETURN
ITL=I0D
GO 10 30
END

o4y

. . i |
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REMOVE - EFN

SQURCE STATEMENT

. 03/18/66
- IFN(S) -

SURROQUTINE REMOVF(EVENT, STihE 1,J9K)
conMMON TIMELIPARL, IPARZ, IPAR3,ID.ISL ITL,

XL!\K(ZOO)oCTIMF(ZOO).NEVENT(ZOO),KOLI(ZOO) KOL2(200),K0L3(200)

INTEGER EVENT
* NEXT=ITL

[F(NEVENT(ITL) .EQ.EVENT) GO TO 20

10 LAST=NEXT
NEXT=L [HK(NEXT)
IF(NEXT.EQ.0) GO TO 30

IF(NEVENT(NEXT).NE.EVENT) GO TO 10

WE FOUND EVENT

T STIME=CTIME(NEXT)
I=KOL 1 (NEXT)
J=KOL 2 (NEXT)
K=KOL 3 (NEXT)
LINK(LAST) =L INK(NEXT)

_ LINK(NEXT)=ISL
CISL=NEXT
"RETURN

EVENT IS FIRST IN LIST
20 CONTINUE
STIME=CTIME (NEXT)
I=K3L1(NEXT)

J=KOL2 (NEXT)
K=KOL 3 (NEXT)
ITU=LINK(ITL)
LINK(NEXT)=1SL
ISL=NEXT
RETURN _ _
30 COMTINUE
STIME=TIME
1=0
J=0
K=0
RETURN
END

EVENT NOT PRESENT ~~ ~~

-'.. . \_-‘ - hnd -
3 - i
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TSTEP - EFN  SOURCE STATEMENT

- IFN(S)

03718766

. SURROUTINE TSTEP(IEVENT)
CCOMMON TIME,IRARL, IPAR2,IPAR3,ID,ISL,ITL,

c . _ SUBRIUTINE TO STEP EVENTS IN CALEN
ITL_IS_LOCATION OF FIRST EVENT_IN

IN=1TL
ITL=LINK(ID)

LINK(ID)=ISL. , .
ISL=1D

_TIME=CTIME(ID) e
[PAR1=KOL1 (D)
IPAR2=KOL2( 1D)
IPAR3=KOL3(ID)
IEVENT=NEVENT(1D)

RETURN

END_

DAR
CALENDAR

CISL IS LOCATION oF FIRST "AVAIL ROW IN CALENDAR

XLINK(200),CTIME(200) yNEVENT(200) »KOL1(200) s KOL2 (2005 KOL3(200)

- '\ . N .
- i -
/s - R S
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- | _ 03/18/6¢€
cqqse = EFN  SCURCE STATEMENT - IFN(S) -

A

{?3 * SURROUTINE CAUSE(IEV,T,IPL,1P2,[P3) _ o
= COMMON. T.IME,IPARL, IPAR2, [PAR3, [DsMYSELF s ISLoITL, . .. 1
XLINK(2€0),CTIME(200),NEVENT(200) s KOLL(200) 4 KOL2 { 200) +KOL3(200)

c . _ CAUSE ENTERS EVENTS ONTO CALENDAR
_c__ _ ITL IS _LOCATION_OF FIRST EVENT IN CALENDAR
¢ - ISL IS LOCATION OF FIRST AVAIL ROW IN CALENCAR
NEXT=TTL
GO T0 20 )
c 10 LOOP UNTIL GIVEN TIME IS, LESS THAN NEXT ENTRY IN CALENDAR
10 LAST=NEXT . -
NEXTLINK(NEXT) L
T 20 IF (T .GT. CTIME(NEXT)) GO TO 10~
ID=1ISL
ISL=LINK(ISL) -
LINK{ID)=NEXT
c SFE IF THIS EVENT WILL BE THE FIRST ON THE LIST

__IF (NEXTV.EQ. ITL)GCO TO 40
LINK(LAST)=1D T T
30 CTIME (ID)=T
NEVENT(ID)=1EV
KOLI{ID)=IP1
KOL2(ID)=IP2
__KoL(ror=ip3 e
RETURN S o
40 ITL=1D
GO TO 30 -
END

- | | T ous
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_ ' _03/18/6¢
REMOVE - EFN  SOURCE STATEMENT - [FN(S) -

——— - - S e

- SUSKOUTINE REVPVE(EVFNT.STI“F I,J,K)
__COMMON TIME,IPARL,IPAR2,IPAR3, 1D, MYSELF,ISL, ITL,
XLIN&(ZOO),CTIMF(ZOO).NEVENT(ZOO).KOLI(ZOO) KOL2(200),KOL3(200)
- INTEGSER TVENT

_NEXT=ITL

[F{NEVENT(TTL) .£Q.EVENT) GO TO 20~
10 LAST=RNEXT . ]

NEXT=LINK{NEXT)

IF(NEXT.EQ.0) GO TO 30 .

. IF(NEVENT(NEXT).NE.EVENT) GO TO 10

_c WE FOUND_EVENT

STIME=CTIME(NEXT)

I=KULL(NEXT)

J=KUL2(NEXT) -

K=KOL 3 (NEXT)

LINK{LAST)=LINK(NEXT)

_LINK(NEXT)=]SL

ISL=NEXT

RETURN

c ' EVENT IS FIRST IN LIST
20 CNNTINUE .
STIME=CTIME(NEXT) ’ :
. _1=KOL1{NEXT)
J=KOL2 (NEXT)

- K=KOL3(NEXT)

i ITL=LINK(ITL)

- LINK(NEXT)=1SL .
ISL=NEXT

RETURN

EVENT NOT PRESENT
30 CONTINUF

STIME=TIME

1=0
J=0"
K=0 _
RETURN
END

- A - T oonq
' ' L. Canway |
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- ' - 03/18/6
TSTEP - FEFN  SCURCE STATEMENI - [IFN(S) -
o SUBROUTINE TSTEP(DUMMY)
e e COMMON TIME,IPARL, IPAR2,IPARI, ID MYSELF,1SL,ITL,
' XLINK(200),CTIME(200),NEVENT(200) ,KOLL(200),K0L2(200),KOL3 (200)
c . SUBRJUTINE TO STEP EVENTS IN CALENDAR '
C_____ .. __ ITL_IS LOCATION_OF FIRST_EVENT IN CALENCAR
TC . ISL IS LOCATION OF FIRST AVAIL ROW IN CALENDAR
IN=1TL
ITL=LINK(ID)
LINK(ID)=ISL .
ISL=1D
__TIMC=CTIME(ID) ) o . .
IPARL1=KOL1( [D) o T B
IPARZ=KOL2 (ID)
IPAR3=KOL3 (D) -
CALL DUMMY(IPARL,IPAR2,IPAR3)
RETURN
END L ~
{
? - : _ cHo
' . - L. Conway
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Subject:

Reference:

To:

Dual Arithmetic on ACS-1

S.J.C.C., 1967 and our recent conversation
Dr. J. E Bertram

One of the more formidable features of the ILLIAC IV is dual
arithmetic, where a pair of floating point numbers are made to interact
with another pair, yielding a pair of independent results:

A1 ¢ B1 C1 A, ¢ B

1 1
A ¢ B 9 A2¢ B2

}
L]

2 2

The scheme is useful on the ILLIAC IV for the following reasons:

1. The 64-bit word length is adequate for a pair of hex-floating
numbers, each with 8-bit exponent and 24-bit hex-fraction.

2. 'Significant time savings can be achieved in the PE by using
the already-wide data paths for dual arithmetic. There may
be an extra shift cost of 2 cycles per instruction comparing
with single 64-bit operations, this extra cost is something like
33% on floating adds (8 cycles rather than a possible 6) and may
be more than offset in multiplies because of the shorter fractions.

3. For usual partial differential equations even 16 fraction bits may
be adequate because of the sizable discretizing error. Parts of
computation which call for longer lengths can be localized without
serious effort.

4, Many problems do exhibit low-order parallelism exploitable by
this feature. This even includes Monte Carlo computations,
where the precision demand is low; radar signal analysis, and
pattern analysis in general. Where parallelism is lacking, the
two components in the packed word can be detached for individual
attenticn at low timing cost. -

OH\
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Dual Arithmetic on ACS-1

With the dual arithmetic feature, the ILLIAC IV PE can claim to
be an 8-MIPS machine. Their weather program (NCAR model) by the
full 4-QUAD machine is said to achieve 600x6600, with upper and lower -
hemispheres treated "dually".

The proper way to counteract this claim is to install dual arith-

metic ourselves. There are several difficulties:

1. The 48-bit word length is not adequate for an independent pair
of floating point numbers each with 12-bit exponent. The
fraction would have only 12 bits, small even by the most op-
timistic advocates of short precision arithmetic.

2. Unless one performs at a rate of two operations per cycle the
saving in time is invisible. The shifting cost would be a major
handicap.

3. Excessive hardware to achieve dual arithmetic is more likely on

a pipeline machine, where the "fixed-time duration" requirement
_is compounded by a "uniform flush rate" requirement.

4, The operation code repertoire is already near the 256 "limit".

I would like to advocate a limited form of dual arithmetic in which
one exponent is shared by two fractions. This "block-normalization"
philosophy is quite acceptable for partial differential equations and matrix
computations (Cf. discussions in an earlier memo to file, "Mixed floating
add operations" by T. C. Chen, dated March 14, 1967). The following
advantages of the new dual arithmetic are apparent, many are unique to
the block normalizing format.

1. Parallel comparison shifting with one single shifter.

2. Parallel add with one 48-bit adder (with, however, added extra
sign detection, overflow detection, and perhaps extra partial
recomplementation features). '
3. Parallel post-shifting (normalizing usually just one of the fractions).
: o5
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Dual Arithmetic on ACS-1

4, Parallel multiply (with added hardware blocking. of carries).

o. Only one exponent handling mechanism is needed.
6. TWO OPERATIONS PER CYCLE PER UNIT.

(It is suspected that the ILLIAC IV dual operations will turn out to be "block

 normalized" also, to reduce the circuit count.)

There are still some problems. With exponent unaltered, the fraction
length is only 17 bits + sign, adequate only for very limited computations such
as the weather problem and radar signal analysis. A better deal might be the
format

SlEFl;SZFZ or SlEFl;FZS2

with
-1 bit for Sl ,
"8 bits for E , (7090 sizel)
19 bits for Fl;

1 bit for 82 s
19 bits for Fz;

which will have roughly the same fraction capacity as the hex-fraction of
24 bits.

There ought to be a reasonably full dual-instruction set, including
packing and unpacking (but perhaps no pipelined divide). I feel dual arith-
metic to be more useful than double multiply and double divide, and am

again advocating their removal to make room for(medu\alinstructions.
| /.
) 7 h /= ( N

' - : } Tien Chi Chen
TCC:va - '

cc: Dr. G. M. Amdahl Dr. H. Schorr 095
Mr. G. F. Nielsen Dr. E. H. Sussenguth L. Conway

Mr. R. E. Pickett SADL  Archives
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May 12, 1967
Advanced Computing Systems

8. (?l‘" ~ddress): Menld' Park )
BV
Telephone Ext.: .
sile:  Apchitecturally Critical Paths in the MPM
Reference:
To: Dr. H. Schorr
Attached is a list of critical timing paths within the MPM from an archi-~
tectural point of view. Degradation in any of these paths would have a
major detrimental effect on overall MPM performance. By overall is
meant a global effect, rather than a local effect such as slippage in divider
performance, " 0Of the twelve points noted, those involving the contender
stacks and interlocking are by far the most critical.
{ ; /\\l M 'J\\\\\>
E. H. Sussengutl
EHS:slb
cc: SADIL
G - o5
L. Conway
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I  * Effective address path: (7 cycle path)

ea generation (three input add) 1 -
bus to BLCU 172
. BLCU interference resolution 1
storage delay including bussing 3
T BLCU decision per tag entry 1
bus to MPM 1/2
internal MPM bus to functional unit 0

IL By-pass from functional unit oﬁtput to input (O cycle path)

1. Full bypassing is eminently desirable,

2. If specialized bypassing is necessary the following groupings
are the most important:

add to add
add to mpy
mpy to add
mpy to mpy
add to cmp
mpy to cmp

mixed mpy to d. p. add
d.p. add to d. p. add

integer add (with respect to carry register)

shift to shift
shift to logic
logic to shift
logic to logic
shift to cmp

logic to cmp

index add to ea add
index add to cmp

cmp to branch/skip control

II1. A-unit interlock control

When an instruction satisfies its interlock constraints, it must

be logically removed from contention so that other instructions
dependent on it (because of destination-source interlocks or bus
conflict interlocks, for example) can start execution on the next
cycle, 055 |

L. Conway
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IV. ' X-unit interlock control

VL

VIL

When an X-contender stack position is vacated, it is refilled with

another instruction so that the new instruction can be interlocked
and vacated on the next cycle.

The X-unit register data is bussed to the functional units simul-
taneously with the interlock determination. If the interlocks fail,
the functional unit action is logically stopped in such a way that
it can restart on the next cycle. (In particular, a unit with a
pipeline rate of 2 or more, must not be "busy" working on the
illegitimate data. )

Instruction start~up path (3 cycle path in X-unit)

Storage bus to IB's 0 (bypass to dispatcher?)

IB to dispatch register 1
Dispatch to contender 1
Contender to functional unit 1 (2 in A~unit)

Effective branch address path

The worst case timing situation occurs when an EXIT has been
detected (in the X-dispatch registers) and the BRANCH instruc~
tion has not been executed (is in the X-contender stack).

The computation path is:

interlock tests on BRANCH cycle 1
compute eba, successful /unsuccessful cycle 2
test top DO table entry:

if DO entry is correct:

next instructions to dispatchers cycle 3
if DO entry is incorrect:

correct DO table cycle 3

next instructions to dispatchers cycle 4

DO Table alteration

On each cycle both A- and X-pointers can be moved, an old entry
be deleted, and a new entry be accepted.

C56 -

L. Conway
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VIII. DO table control of instruction flow

- The table entries indicate the number of cycles required to validate
DO table entries and permit movement of new instructions to
dispatch registers.

if top DO entry is correct incorrect

if required instructions in IB IB storage
unsuccessful branch exit 1 2 1 + access
successiul branch exit 1 2 1 + access
no exit (normal sequence) 1 2¥ | 1+ access*

*pathological case (hence unimportant)
IX. Next-fetch mechanism

On each cycle the next-fetch mechanism must search IB addresses,
send an address to BLCU, search PSC registers, increment its
contents by 8, and accept an override signal from the branch
control.

X. Computation dependent SKIPs
The following sequence of instructions illustrates the problem

A3 < any A instruction
02 <A3 2 Alo

SKIP if C2 or C30

- * any A instruction

The data/control sequence is

end of computation (A-unit) cycle 1
result to compare unit (A-unit) cycle 2
compare result to condition bit

condition bits to skip test unit : cycle 3

compute skip condition (X-unit)

skip condition to A-unit interlocks ’ -

start bussing on NOP the *-ed op (A-unit) cycle 4
- 0%

L Conway g
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XL

' The sequence noted (A-unit compare, SKIP, * on A-op) is probably
- the worst case as the path involves A-to-X and X-to-A communi-

cation and is a relatively frequent occurrence in code. The dual

sequences are:

" (X-cmp, SK, * on A): X-unit skew should alleviate this

(X-cmp, SK, * on X): no inter-unit paths (but important
in X-unit)

(A-cmp, SK, * on X): one inter-unit path, of less program-
ming significance

Computation dependent branches

A disCussion similar to VIII obtains, An illustrative sequence

is:

A3 < any A instruction
CZ < A3 2 Alo
BRANCH if C, or C

2 30
EXIT

Functional unit performance

The current performance of the functional units are noted below

Floating point, 48-bit ADD
MPY
DIv
CMP
Floating point, 96~bit = ADD
MPY
DIv
CMP
Floating point, mixed = MPY
Div
Integer ADD
' MPY
Index integers ADD
MPY
DIiv
CMP
Shift, logic, moves
(A and X)

3/1 and 4/1

3/1
10/7 or 10/8

1/1

4/1

5/3
17/14

1/1 (maybe 2/1)

3/1
10/7

2/1

4/2

/1

4/2 (improve to 3/1)
13 max, 8 avg (improve to 8 max)
1/1 -

1/1 O5%
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sei:  MPM Timing Stmulation
mwmnce: 1, ACS AP #66-022, ACS Simulation Technique T

2. ACS-1 MPM Instruction Manual
3. ACS AP #67-068, MPM-Instruction Sequencing

To: File - '

Z émg/
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INTRODUCTION

. This memo describes the programs which perform MPM timing simula-

tion. Itis primarily a "users manual" for these programs.
Two programs, the Unroller and the Timing Simulator, are run consecu-
tively in order to time the MPM's execution of a user's input program.

The Unroller program accepts an ACS assembly language program
and control information concerning branch and skip execution, and
"unrolls" the program to produce a trace of the instructions executed
by the MPM when running the program. The trace is the sequence

of instructions along with their addresses, register fields, and certain
other information.

The Timing Simulator then operates on the trace of instructions executed
by the MPM and produces timing charts indicating the timing of the

activities initiated by these mstructlons in the various hardware components

of the MPM.

The following diagram illustrates the functions and relationships of

- these two programs.

Assemewy Conr wfoT - TRACE oF Wl T Ml N-G‘ COTRY -
PROGRAM + UNROLLER L »f  wstrucrions A
ConTROL FO, EXECUTED SIMULATOR|

In the following sections of the memo, these programs are separately
described with examples given illustrating preparation of input and
interpretation of output.

The job running procedures for using the programs is described, and
the MPM ops currently implemented in the Timing Simulator are listed.

Since the programs are currently undergoing changes, the current and
planned changes are described to assist users in their pla.nnmg

Criticisms and suggestlons from potential users are welcome and wﬂl
be helpful in making the Tlmmg Simulator useful to ACS.

&\
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THE UNROLLER PROGRAM (Prog. by J. Novicki, CSC)

. The Unroller program produces the input trace to the Timing Simulator
-from an ACS assembly code program plus control information.

In the past an Execution Simulator, which performed a detailed simula-
tion of the execution of an input program, was used to generate the :
instruction trace. It was found to be inconvenient to use an execution
simulator for this purpose because that requires the accurate program-
ming of all the tests and computations which determine the desired

path of execution through the program. It often proved to be difficult

and time consuming to write a correctly executing program even though
the path to be followed was easily described.

The Unroller program was written to solve this problem. Given an

ACS assembly language program, explicit indicators are placed on the
branch and skip instructions of the program to determine the path

of instruction execution. For example a branch op might be followed

by (3 BEGIN, *) to indicate that the first three times the branch is
executed it is successful with the branch being to the instruction labelled
BEGIN, and the fourth time the branch is executed it is unsuccessful.

This program and control information is processed by the Unroller
to yield the trace of insiructions executed, which may then be used
as input to the Timing Simulator. :

Input Lanquaqe, Card Input Format

Input cards may contain a label, an op code and operands. The Branch
and Skip instructions may contain additional control information.

A free form format is used with no fixed starting columns for each

of these fields but with certain delimiter restrictions. .An asterisk

in column 1 indicates a comment card.

Label: A label can be up to8 characters maximum and must start
with one of the characters A through Z or $§. A label can contain no
imbeded blanks and must be terminated by a delimiting colon.

Op Code: An op code can be up to 6 characters long with no embedded
blanks. It may be immediately followed by an asterisk to indicate the
~skip flag. At least one blank column must be between the op code and

- its operand fields. :

06 &
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Operands: The operand fields can contain information for the i, j, k,
and h fields of the instruction. Two fields must be separated by a comma
and a missing field will be indicated by two consecutive commas.

. The first blank column terminates the operand fields. The i, j, and

%k fields may be one of the following formats:

@) Ldd | .-
(i) dd _

where "L" is the letter A for Arithmetic Register or the letter X for
Index Register or the letter C for Condition Register or the letter S
for Special Register. "dd" is a decimal number from 00 to 31 (leading
0 may be omitted). The h field may contain a symbolic label or a
decimal number (up to 5 digits).

Branch Parameters: A string of control parameters may be listed

after a branch instruction to determine the path of instruction sequencing.
The parameters indicate if the branch is successful or unsuccessful

for each time it is executed. The branch parameter information must
begin with a left parenthesis and end with a right parenthesis and contains
no imbedded blanks. Two parameters in the list must be separated

by a comma. The parameter format is: '

(i)  dL for a successful branch
(ii) d* for an unsuccessful branch

where d is an optional digit indicating the number of times the branch
is successful or unsuccessful, L is the symbolic label of the instruc-
tion branched to, and * is an indicator for an unsuccessful branch.
For example, if we have the instruction -

BEQ C1, C2, X4 (3ABC, *, XY)

the program would be expanded to reflect the branch execution as

follows: .

(i) first three executions of branch are successful and
branch is to instruction labelled ABC

(ii) fourth execution of branch is unsuccessful

(iii) fifth execution of branch is successful - to XY

Skip Parameters: A string of control parameters may be listed after
a skip instruction to determine the effect of that instruction on the _
sequence of skip states. The parameters indicate whether the skip
is taken or not taken each time it is executed. The parameter string

o663
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has the same format as the branch parameter string with any dummy
label serving to indicate that the skip is taken, an * indicating the
skip is not taken. For example, if we have i

'~ . SK@R Cl, C2 (2%, LABEL, *)

the Unroller would set the skip state in the trace to reflect the execu-
tion of the skip as follows:

(i) first two times skip is executed it is not taken

(ii) third time skip is executed it is taken
- (iii) fourth time skip is executed it is not taken

Quiput of Unroller

Corresponding to the sequence of execution of the instructions of the
input program the Unroller produces the standard input trace for the
Timing Simulator: a card deck which is described in detail in Section
2. One card is produced for each instruction executed. The card
contains the op, i, j, k, hfields, branch and skip states, instruction
and data reference addresses and certain other fields.

The Unroller also lists the input program and output trace. Certain
diagnostic messages may be listed:

(i) Too many input cards (300 maximum)

(ii) Operand Field error

(iii) Error on following card (i. e. label information error)
(iv) Op code on next card not implemented

Example: On the following page are the listings of a simple input
program deck and the trace deck produced by the Unroller from that
input deck. Note that the branch parameter list specifies branch
successful two times then branch wnsuccessful. Thus we make 3 passes
through the loop. The branch and skip states in the trace (see trace ’
format Section 2) reflect the branch and skip execution. Note: the
OP "STOP" terminates unrolling, and the pseudo op "END" marks
the end of the unroller input deck.

oG+
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\y
) LOOP: CGEX 24443
BAND 2924040 (2LOOP 4 *)
CGEN 19142
. AXK . 3934091
. AN 11,8
LA 8s0+051000C
AN 29239
LA 9503052000 _
SKOR 1,1 (%4 2DUMMY)
MN * 19142
EXIT
STA 1505041000
STOP
END
CORRESPONDING UNROLLER OUTPUT DECK = = = = = = = = = = =~
0 CGEX 02 04 03 00000 000 00000 1 87 1
1 BAND 02 02 00 00000 100 00000 3 139 2
3 CGEN 01 01 02 00000 100 00000 4 79 1
4 AXK 03 03 00 00000 100 00000 6 76 2
. 6 AN 01 01 08 00000 100 00000 7 166 1 .
i 7 LA 08 00 00 01000 100 01000 9 7 2
9 AN 02 02 09 00000 100 00000 10 166 1
10 LA 09 00 00 02000 100 02000 12 7 2
12 SKOR 0l 01 00 00000 100 00000 13150 1
13 MN* 01 01 02 00000 101 00000 14 178 1
14 EXIT 00 00 00 00000 100 00000 0 199 1
0 CGEX 02 04 03 00000 000 00000 1 87 1
1 BAND 02 02 00 00000 100 00000 3 139 2
3 CGEN 0l 01 02 00000 100 00000 4 79 1
4 AXK 03 03 00 00000 100 000900 6 76 _2
6 AN 01 01 08 00000 100 00000 7 166 1
7 LA 08 00 00 01000 100 01000 9 7 2
9 AN 02 02 09 00000 100 00000 10 166 1
10 LA 09 00 00 02000 100 02000. 12 7 2
12 SKOR 01 01 00 00000 100 00000 13 150 1
13 MN* 01 0l 02 00000 111 nOnN0o 14 178 1
14 EXIT 00 00 00 00000 110 00000 0o 199 1
0 CGEX 02 04 03 00000 010 00000 1 87 1
1 BAND =~ 02 02 00 00000 010 00000 3 139 2
3 CGEN 0l 01 02 00000 010 00000 4 79 1
4 AXK 03 03 00 00000 010 00000 6 76 2
6 AN 0l 01 08 00000 0l0 00000 7 166 1
7 LA 08 00 00 01000 010 01000 9 7 2
9 AN 02 02 09 00000 010 00000 10 166 1
o 10 LA 09 00 00 02000 - 0l0 02000 12 ~ 1 2
&3 12 SKOR 01 01 00 00000 010 00000 13 150 1
13 MN* 01 01 02 00000 011 00000 14 178 1
14 EXIT 00 00 00 00000 010 00000 15 199 1
15 STA 01 00 00 01000 010 01000 17 9 2
- i - ) : 999 el v
L/
= L. Conway |
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THE TIMING SIMULATOR (Prog. by L. Conway, J. F. Parsons)

' For the purpose of MPM hardware or program evaluation we may need

detailed timing of the execution of"a program by the MPM. The MPM
is sufficiently complex that hand-timing of all but trivial programs

is a very tedious process. The Timing Simulator is a program written
to perform this timing by simulating in complete detail the hardware
controls of the MPM.

The Timing Simulator is written in FORTRAN IV (H) and runs on a

S/360 under OS, requiring an H level machine. The simulation technique
is similar to SIMSCRIPT but uses simpler utility routines which are
written in FORTRAN. Reference 1 provides a complete description

of the simulation technique. T

The level of hardware modelling performed by the Timer is best described
as being an "architectural” level. Individual hardware triggers are
included when they serve an individual control function, but buses,
registers, etc., are modelled as logical entities rather than simulated
to the bit level. Thus the timer does not model the detailed engineering
implementation of the MPM. It does model all control algorithms

in all sections of the MPM, to accurately simulate the timing of instruc-
tion execution by the MPM.

The Timer currently operates on a MOD 75 at a rate of approximately
10 simulated machine cycles per second. Typical programs are thus
simulated at a rate of 20 inst. /sec.

A detailed description of either the Timing Simulator program or the
MPM model simulated is beyond the scope of this memo. Users may
assume that the program reflects the latest specification of the MPM.
This model is documented at an architectural level in Reference 3

and other similar references soon to be issued. Those who are familiar
with the hardware design of the MPM and have specific questions about
the details of the simulation model should contact the author.

The remainder of this section on the Timer is concerned with the
practical problems of preparing input and interpreting the output timing
charts. :

The input to the timer is a "trace" of the instructions actually executed
by the program to be timed. The trace consists of the sequence of
instructions executed along with certain control information. This
input is prepared by running an ACS assembly code program through
the Unroller program (see Section 1). O

L. Conway
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Certain job controlling cards including a specification of the hardware

" parameters for the run are added to the trace deck to form the input

deck.

~The output of the Timer is a series of timing charts which illustrate

the activities initiated by the instructions of the input program trace
in the various hardware components of the MPM as a function of time.

A detailed description of the input and output formats and output inter-
pretation is given on the following pages. Examples are given which
follow the paths of individual instructions through the various sections
of the MPM as a function of time. L

Timing Simulator Input Preparation

Input Trace Cards: The Unroller program is used to produce the input
trace card decks for the Timing Simulator. An ACS assembly code
program is run on the Unroller and a trace deck is produced as output.
Refer to Section 1 for information on this program. The trace deck
produced by the Unroller is an instruction by instruction record of
those instructions actually executed by the program to be timed.

Fach instruction of the trace is present on a separate card. The format
of these cards is specified in Fig. 2-1.

Timer Input Deck Format: Each program to be timed is formed into
one deck beginning with a machine parameter card, followed by the
trace cards for the program, and ending with a card containing 999
in cols 55, 56, 57 (@ "ST@P" card). A number of such input decks
may be stacked and timed during one execution of the Timer.  An
example of this stacked job deck structure is illustrated in Fig. 2-2.

Parameter Card: The first card of each input program deck is a para-
meter card which specifies certain MPM hardware parameter values
and certain parameters for the running of the job (maximum simulated
time, etc.). These parameters are the following:

JOBNAME: Up to six characters idehtifying program

NABUF, NATEST, NAG@: The number of A Buffers, the number tested
each cycle for OP issuance, the maximum number of OP

‘which may be issued for execution each cycle from the A
Buffers (A Contending Stack).

NXBUF, NXTEST, NXG@: Similarly for X unit Contendmg Stack

067
L. Conway |
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NQBUF, NQTEST, NQG@: Similarly for Data Memory Queue.
NB@X: Number of memory boms.

NBBUF, NSBUF: Number of Exit History Table positions, number
- . of Skip Table positions.

N@D@T: Number of D@ Table positions.
N@PSC: Number of PSC registers.
NDBUS: Number of Dispatcher Buses.

NADSP: Maximum number of OPS which may be dlspatched to the A
Buffer per cycle. ;

NXDSP: Similarly for X dispatching.

MXTIME: Run control parameter. Maximum simulated time allowed
for run (in machine cycles). Run terminated if this time
is exceeded.

MEMDLY: Memory Delay Time. See example of arithmetic load G7
on page 2-13 for exact definition.

@GUTLVL: One of four output levels may be chosen. Level O is most
detailed, Level 3 is least detajled (and fastest cunning).
Level 1 is normally used and is level shown in the examples
at the end of this section.

FSTADD: Starting address of the input program.

Fig. 2-3 specifies the format of the parameter card. Minimum, typical,
and maximum values of the parameters are given. The TYP values
represent the "most likely" values of the hardware parameters.

There are other machine parameters not controlled by the parameter
card which may be easily varied by changing certain initialization
tables in the Timer. An example of this is the busing and facility
characteristics in the A and X execution units: These structures

are listed in the output for each run (see output portion of this section).
If changes in these machine parameters are desired for a particular
timing study, contact the author.

o6y
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Figure 2-1. Timer Input Track Card Format

COLsS
1. Instruction Address 2-6
2. Op Code Mnemonic (1eft justified) 8-14
3. I (Dec) 16-17
4, T (Dec) 19-20
5. K (Dec) ' & 22-23
6. -H (Dec) ' 26-30
7. Branch Successful bit. Indicates result of 35
branch op. Applies from and including branch
op to and including EXIT op.
8. Skip Flagged ops bit. Indicates skip state. 36
Applies to op after skip to and including
next skip )
9. Skip Flag 37
10. Effective address accessed (LOAD/STORE) 41-45
~ 11. Address of next instruction to be executed 48-52
‘ 12.  Numeric Op Code , 56-57
13, Long Op= 2, ShortOp=1 60
Fiqure 2-2. Timer Input Deck Format
" Example: Two PROGRAMS PR@GI and TEST to be timed:
e A i 99 .
, e } /(7:?'3 cE DECH, TEST) / ’
ST [‘II‘EST (PRREMETERSD N
R N 9aq .
/(fn’ﬁcs DECK, PREGY)
_ 1 T -
PRPGL ( PARAMETERS) .
o - S Bt *" 069
) N T Tt ot b L Conway
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Figqure 2-3. The Parameter Card Format

PARAMETER

MIN

TYP MAX COLS
JYBNAME 1-6
NABUF 1 8 12 9-10
NATEST 1 8 NABUF | 11-12
. NAGQ 1 3 3 | 13-14
NXBUF 1 3 12 15-16
NXTEST 1 3 NXBUF 17-18
NXGQ 1 3 3 19-20
NQBUF 1 8 16 21-22
NQTEST 1 8 16 93-24
NQGY 1 2 NB@X 95-26
NB@X 1 8 16 97-28
NBBUF 1 3 29-30
NSBUF 1 4 31-32
N@D@T 1 6 16 © 33-34
N@PSC 0 8 8 35-36
NDBUS 1 2 2 37-38
NADSP 1 4 NABUF 39-40
NXDSP 1 3 NXBUF 41-42
MXTIME 300. 0  60-66 (F7. 1)
MEMDLY 2.0 5. 0 68-71 (F4. 1)
@UTLVI, 1 3 73-74
FSTADD 0 0 76-80
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Timing Simulator Output Interpretation

For each input job, a deck headed by a parameter card and terminated
by a 999 card, an output listing is produced of the following form:
1) The first page lists the job name and all parameters of the
run including the busing and facility structure.

(ii) This is followed by a listing of those input trace instructions
operated upon by the MPM during the first 100 simulated cycles
of time.

-(iii)  This is followed by a listing of timing charts indicating the
activities initiated by those instructions of (ii) during the first
100 simulated cycles.

(iv) Items (ii) and (iii) are repeated for successive 100 cycle periods
till the run stops or is terminated by MXTIME. ‘

B
%

~
Fiqure 2-4. Overall Form of Output Listings , _
- Page (erample) I
s l ‘ - ' ‘ ’
} o /, - PARAMETERS OF RUN
a . :
2 /// o ST ' A :" .
INPUT PROGRAM T&Aca INSTRQCK‘\ONS
- ST ///// .7 oreratEd ON By MPM .N mp.u loo c\/cu:S B
. 3 R . /// / / . .- - - . - .
o /
- l't - . R
o TIMING CHARTS FOR FIRST 100 CYC\LES
5 -
.6 - - e e -
R TROCE 1WSTRICTIONS , NeExT 1oo zyckf S,
o N O SO e
. ] . : D’ 'i, .
— . B ‘ = , - S . _' l
e Sl e i oo LLConway.
- T . { Archives
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We will now examine the general characteristics of these three components
of the output. A sample output listing is included at the end of the
section for reference while studying these general descriptions.

Some specific examples will then be developed which illustrate the
progression of instruction activity through the different sections of
the MPM. These examples are referenced by markers on the sample
output listings.

Parameters of Run: This page lists the job name, date and time of
run, and the MPM hardware parameters for the run. Many of these
parameters are those specified on the input parameter card, described
earlier in this section. The A and X unit busing and facility structures
are printed for reference in a table with the following entries:

1. The abbreviated name of the facility (FA1 = floating adder 1).

2. The Rep Time of the facility - the number of cycles an opera-
tion keeps the facility busy.

3. The Delay Time of the facility - the number of cycles the
facility requires to perform operation.

4, INBUS - the rumbers assigned indicate which facilities share
a common intus.

5. BOX - the numbers assigned show which facilities share
circuitry and cannot be simultaneously busy.

6. OUTBUS - the numbers indicate which facilities share a common
outbus.

Input Program Trace: For each block of 100 cycles of simulated time
the Timer prints the instructions of the input trace which have been
operated upon by the MPM during that time. This is used to reference
the timing charts for that period of time. The input program trace
printed is a copy of the input cards with five fields added:

G) Time markers are placed indicating the time (approx. )
that the mstructlon entered an ]'_B

(i) A letter is a351gned to each instruction by decoding the
instruction address MOD 26. This letter is then used
as the marker for that instruction in the timing charts.

o7 2
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( (iii), (iv) -Bits are set indicating whether the op is to be diépatched
to the A unit, X unit or both.

: (v) - The number of the IB into which the instruction was

- - fetched.. This along with (i) will locate the instruction
marker's first appearance on the timing charis (in a
dispatch register).

The Timing Charts: A set of timing charts are produced for each
100 cycle period of simulated time., The general form of these charts
is as follows:

Markers indicating
MACHINE machine facility
FACILITIES occupancy by inst.
of input trace

TIME >

The time axis has markers every cycle and number indicating 10,
20,...,90 cycle points in the 100 cycle period. The time of the period
is listed at the top of the page (ex.: SIMULATED TIME = 300 TO 399).

The machine facilities included in the timing charts are identified
as follows:

DSPX1, DSPX2, DSPA1, DSPA2: These are the dispatch registers
X1, X2, Al, A2, The IB number and DO table entry are listed
which correspond to the contents of the dispatch register.

The eight 24-bit instruction fields are shown for each register
with markers indicating which instructions of the input trace
are currently present.

BRANCH CONTROLS: These are hardware triggers controlling
the branching process. ER1, ER2, ER3, BEI, BE2, BE3,
ET1, ET2, ET3 are the exit resolved, branch executed, and
exit taken entries in the Exit History Table (EHT). BRXP,
BRAP are the X and A pointers to the EHT. The description
of the other listed controls is beyond the scope of this introductory
memo.

SKIP CONTROLS: Skip state triggers with SKXP, SKAP; the X
and A unit pointers to the triggers.

O™
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A BUFFER, X BUFFER: These are the A and X unit contender
stacks where ops are tested for interlocks before issuance
to the functional units. This is the point where ops may be
issued out of order if the appropriate interlocks are satisfied.
The instruction occupancy of the buffer positions is indicated
by markers.

A FACILITIES, X FACILITIES: These are the various functional
units such as adders, multipliers, shifters, logic units, etc.

The instruction markers are placed in a facility position for
that period-of time during which the instruction actually has
the facility busy for interlocking purposes. Note that an op
keeps a facility busy for a number of cycles equal to the REP
TIME of that facility. :

MEMORY QUEUE (D): The data memory queue. This is the queue
which holds data loads and stores after issuance from the
contender stacks and before issuance to memory. This queue
roughly approximates the timing effects of the BLCU with no
paging activity., If appropriate interlocks are satisfied the
requests may go out of order. An instruction is indicated

4 by its marker.

MEMORY QUEUE (I): Instruction fetch memory queue. This queue
holds the instruction fetch requests prior to issuance to memory.
The markers are the IB destination number of the fetch. Four
markers are rlaced corresponding to the four pieces of one
request. When all have been issued a new set may enter.

MEMORY: Here we can observe the relative timing of loads, stores
and instruction fetches as their markers indicate busy memory
BOMS. The marker for an instruction is placed on the second
of the two cycles that the op is activating the BOM--noting
that the memory BOM REP TIME is cne cycle.

‘A REGS BUSY: When an OP is issued from the A contender stack
to a functional unit, the A destination register of the OP is
marked busy with the OP marker. This is used to interlock
the issuance of other OPS in the contender stack (which use
that destination register) until the result arrives at the register
( or is available for bypassing to the input of another facility).

oY
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ABU REGS BUSY: The A Back-Up Registers are the destination
registers for A loads and X to A moves (instructions issued
from the X unit contender stack). At the time of issuance the

) : op marker is placed in the ABU REGS BUSY position corres-
- - ponding to the op destination and remains till the load or move
is completed.

X REGS BUSY: The busy bits for the X Registers, similar to the
A REGS BUSY described above,

Example of Timing Simulator Output

At the end of this section is a copy of the output listing for a typical
run of the Timing Simulator. The parameter page is followed by 3
pages listing the input trace for the first 100 cycle period of time.
Then 4 pages are listed containing the timing charts for the first 100
cycles. . .

The program being timed is a version of Crout Reduction. In this case
the MPM is active for only 58 simulated machine cycles--a starting

_ transient is followed by three passes through the inner loop of the

M program.

The interpretation of the timing charts can be somewhat complex.

In this memo only a few simple illustrative examples are given which
follow the paths of certain instructions of the sample program through
the various sections of the machine.

A thorough knowledge of the MPM hardware controls and consider-
able practice are necessary for a complete interpretation of the timing
charts. However, certain subsets of the charts may be studied with

a detailed knowledge of only that section of the MPM. For example,
someone interested in compiler scheduling of instructions could focus
‘his attention on the performance of his input programs in the A and X
BUFFERS and A and X FACILITIES, observing the effects of various
schedulings on the timing through these units. A knowledge of the
interlocking rules of the contender stacks and of the busing and facility
structure would be sufficient to get a start at this.

Certain simple observations may yield useful measures of MPM perfor-

mance on the input program. The overall time of the run is easily

determined. It is given as the upper time limit on the last set of pages

listing timing charts for the run. In our example this overall run

time is 58 cycles. Another measure which is often useful is the time

taken to execute a program loop. If the input program is of the type
o015
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which repetitively executes a loop, the loop pattern will be obvious

in the A and X FACILITY busy markers on the timing charts. This

is because a given op has the same marker symbol each time the loop
is executed (the marker is determined by the instruction address).
Thus the loop time is found by measuring from marker to similar
marker in the A FACILITIES for example. In our sample output we
find that the MPM executes the program loop 3 times in the FLOATING
MULTIPLIER between cycle 33 and cycle 52. The pattern has not yet
settled down to a repetitive one in the example, but the loop time is
seen to be approximately 8 cycles.

Some detailed examples follow. Refer to the sample listings at the
end of this section.

Instruction Fetching: At time = 1 an instruction fetch request to fill

IB(1) has been placed on the MEMORY QUEUE (I). It is issued to
MEMORY in the next cycle and (after some busing time) we observe
at time = 4 that MEMORY BOMS 1, 2, 3, 4 are busy servicing this
request. The fetched instruction is then bused to IB(1) (not indicated
in output). At time = 8 we observe that DSPX1 and DSPA1 have been
loaded from IB(1). The instructions which were fetched are seen to
be A, C, E, G, which are X OPS and in DSPX1, and G which is an A
OP and in DSPA1,

Notice that instruction fetching occurs up to time = 33. After this time
the loop has been contained in the IB's and no further instruction fetching
is required to run the problem.

Multiply Instruction E37: At time = 37 we find the instruction MN 13,
5, 6, which is marked by an "E", in the instruction trace section of
the output

Let us follow the activity of this instruction through the MPM. We
observe from the trace that E was fetched into IB(8). At time = 38
we notice that IB(8) *DSPA2 and we find E in DSPA2(1), At time = 38
only two positions are free in the A BUFFER so the OPS X and Y in

DSPA1 move to the A BUFFER at time = 39 but E remains in the dispatchers,

moving up to DSPAI(1).

At time = 39, }the A BUFFER has two free pos1t10ns so at time = 40
instruction E along with F are bused to the A BUFFER. We find E
in A BUFFER (4) at a time = 40.

616
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Now at time = 40 another multiply instruction, P, is present in the
A BUFFER and ahead of E. ‘This multiply, interlocking E, is issued
the next cycle while E remains present at time = 41 in A BUFFER (3).

. At this time there are no ops ahead of it in the buffer which interlock

- it so it is issued for execution and is not present in A BUFFER at time =
42. Notice that A REG BUSY (13) goes on with the marker E at time =
42 to interlock any OPS following E which use A REG (13) as a source
or destination. '

The multiplier FM under A FACILITIES is found busy with E at cycle
time = 43 (one cycle of busing required from A BUFFER to A FACILITIES).
Then at time = 44 the A REG BUSY (13) is no longer marked by E

- indicating that the result of E will be available (for bypassing) at the
output of the multiplier at cycle time = 46, Note that the delay time
of the FM is 3 cycles, the multiply E taking cycles 43, 44, 45, with
the result actually back at register 13 at cycle 47. But the multiplier
is only "busy" with E for one cycle (the REP TIME of FM) so the
multiplier could handle a new op every cycle. The timing of the busing
and multiplication are illustrated in Fig. 2-5, for the specific example
instruction E37.

Figure 2-5. Timing of Example Instruction E37

S R YO S st 4S 4o - K7 Tme
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B80S 1O - A ‘ . ;
EM _ '

"siTagsn;G TFmsosy™ ZM D—ELR\/ Tmf RESULT Eus fZSULT
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Arithmetic Load Instruction G7: At time = 7 we find the instruction
LAT 9, 0, 31, 136 which is marked by a "G", in the instruction trace
section of the output. We observe from the trace that G was fetched
into IB(1). It is both an AOP and an XOP and will be dispatched to
both units. ' :

At time = 8, we observe from the timing charts that IB(1) »DSPXI,
IB(1) » DSPAl. At that time G is present in DSPX1(7), DSPX1(8),
and in DSPA1(7), DSPA1(8). G is a long OP and takes two of the 24-
bit positions in the dispatchers.

Let us follow the A unit activity of G first. We note that at time =8

- G is the first AOP to enter the dispatchers and thus it is bused to

the A BUFFER the next cycle. Attime =9 we find G in A BUFFER (1).
This part of G is a "replace" operation and is issued the next cycle,
causing A REG BUSY (9) (the destination of the load) to be marked
busy with a G at time = 10, This sets the "front" register busy waiting
for the "back-up" register to be loaded by the X-unit.

Now let us follow the X unit activity of G. ~Since three other X OPS

precede G in DSPX1 at time = 8, and at most 3 ops may be dispatched

to the X BUFFER per cycle, G remains in DSPXI1 at time = 9, At

time = 10 it is bused to X BUFFER (2), for it is the next op to be dispatched
to the X BUFFER and both A and C leave the X BUFFER at time = 10
allowing G to enter.

We now find that G remains in the X BUFFER through time = 16.
This is because it uses X REG (31) as an index and X REG (31) is busy
through time = 15 waiting for a load to arrive.

At time = 16 G finally satisfies the contender stack interlocks and at
time = 17 its execution is initiated by (i) starting effective address
computation in X FACILITY EAI1, (ii) placing an entry in the MEMORY
QUEUE (D), (iii) marking the ABU REG BUSY (9) with G. The queue
entry waits on the queue another cycle for the effective address to
arrive, and then is issued to memory. We note that at time = 21,
MEMORY (1) is marked busy with G, and at time = 23 the busy bits

on ABU (9) and A(9) are turned off indicating that the load has arrived
at ABU (9) and then moved immediately to the waiting A(9).

The detailed timing of this memory activity is illustrated in Fig. 2-6.
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Figure 2-6. Timing of Memory Activity of Example G7
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L - - - - - S S - - << <= —=- = ACS-1 MPM SIMULATION PRGGRAM - - — -

INPUT PRCGRAM FOR THILIS RUN = CR-FS

TIME/DATE OF RUN = 4D72CBFE CO67194F

MACHLINE PARAMETERS FCR THIS RUN - - -

NUMBER CF A BUFFERS = 8 NUMBER OF X BUFFERS = 3 NUMBER OF Q BUFFERS = 8
NUMBER A OPS TESTED = 8 NUMBER X CPS TESTED = 3 NUMBER Q OPS TESTED = 8
MAX A GPS ISS/CYCLE = 3 MAX X GPS ISS/CYCLE = 3 MAX- Q@ OPS [SS/CYCLE = 2
MINIMUM Q-MEM DELAY = 5.0
NUMBER CF BOGMS = 8
NUMEER BRANCH REGS = 3 NUMBER UOF SKIP REGS = 4 SIZE GF DC TABLE = 6
™
_ IMBER OF PSC REGS = 8
NUMBER DISP BUSES = 2
MAX A CPS DSP/CYCLE = 4 MAX X OPS CSP/CYCLE = 4
A EACILITIES — — FAl FAZ2 M FD- IA M F) C L S
REP TIME = 1 1 1 7 1 2 16 1 1 1.
DELAY TIME = 3 A 3 9 2 5 15 1 1 1
INBLS = 2 1 3 1 1 2 2 1 2 3
80X = 1 2 3 4 2 4 4 5 6 7
guTsLs = 2 1 4 3 2 4 4 6 1 3
X FACILITIES — - EAl EAZ2 L S M 1] XA C
REP TIMNE = 1 1 1 1 P 8 1 1 .
DELAY TIME = 1 1 1 1 4 8 1 1 i
B8GX = L 2 3 A 5 5 Iy T :
<HUTBUS = 5 6 1 3 2 2 7 10
G :
. , - : O Be
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TIME= 0.0 : CoPY oF TRACE -

TIME= 1.00 / :

TIME= 2.00 e -
ME=  3.00 a¢§ ,///T \\3?9 18°

"1 _FME=  4.00 N
TIME= 5.00 A : \\ﬂ\'yP \

TiNE= 6.00 ' . \QQ\ \\
TIME= 7.00

AT 0 LX 1 0 © 135 0CO 135 2 2 210 1
C 2 LX 31 0 0 130 0G0 130 4 2 210 1
£ 4 LX 3C G0 128 . 0CO 128 6 2 210 1
Cs 6 _LAT 9 0 51 136 ) 000 136 8 15 211 1
TINE= 8.00 -
: 1 8 LAT 7 0 30 126 0COo 136 10 15 211 2
K 10 LAT 5 0 31 156 000 196 12 I5 211 2
M 12 LAT 1 0 0 132 0G0 132 14 15 211 2
5} 14 LAT Z 0 0 126 CCO 126 16 15 211 2
TIME= 9.00 .
Q 16 LAT 3 0 30 156 CCO 196 18 15 211 3
S 18 MXK 1 1 0 30° 0G0 58 20 77 210 3
u .20 MXK 4 31 0 30 6CO 30 22 71 210 3
W 22 MXK 330 O 30 000 30 24 171 210 3
TINME= 10.0G0 -
Y 24 AXK 531 O 30 CCo 310 26 76 210 4
A 26 LAT 8 0 4 78 000 78 28 15 211 4
C 28 LAT 4 0 4 80 0Co 80 30 15 211 4
E 30 AXK 2 30 O 30 0GGC 30 32 76 210 4
TIME= 11.00
— G 32 LAT 1C 0 3 78 0cCo 78 34 15 211 5
1 34 LAT 6 0 3 80 0CC 80 36 15 211 S
o K 36 AXK 3 3 0 1 000 1 38 76 210 5
M 38 AXK 4 4 0 1 000 1 40 76 210 5
TI¥E= 12.00
0 40 AX 1 1 31 0 0G0 840 41 71 110 6
P 41 MN 11 9 10 ) 0GO 0 42 178 101 6
Q 42 LAT g 0 5 196 000 256 44 15 211 6
S 44 LAT 10 0 3 80 000 82 - 46 15 211 6
: U 46 AXK s S 0 60 000 90 48 76 210 6
TIME= 13.00 : =
TIME= 14.00
W 438 NN 1z 7 8 0 000 0 49 1718 101 7
X 49 LAT 7 0 2 196 0CO 256 51 15 211 7
2 51 LAT 8§ 0 & 80 000 82 53 I5 211 7
8 53 CGEX 1 1 5 0 000 930 S4 87 110 7
C 54 BAND i1 1 O 41 100 881 56 139 210 7
TIME= 15.00 - .
£ 56 MN 13 5 6 0 100 90 57 178 101 8
£ ST LAT 5 0 5 136 1c0 316 59 15 211 8
H - 59 LAT 6 0 > 82 100 8% 51 15 211 3
J 61 AN 212 2 0 100 30 62 166 101 8
K 62 AN 111 1 0 100 840 53 166 101 3
L 63 MN 14 3 4 0 100 2 - 64 178 101 8
TiNE= 16.00 _ -
M 64 LAT 3 0 2 256 100 316 66 15 211 9
o 66 LAT & 0 & 82 100 84 68 15 211 9
L Q- 68 AN 214 2 0 100 30 69 166 101 9
R 69 AN 113 1 0 100 840 70 166 101 g
: S 70 AXK 4 4 0 2 100 3 12 76 210 9
TIME= 17.00 _ Ot
__TIME= .18.00 , . ' . L Conway
TINE= 19.00 : . Archives

TIMNME= 2000



RV RES e S N A

- TIME= 22,00 °

JTIME= 23.00
" TIME= 24.00

"TIME= 25.00

TIME= 26.00 , 08
TIME= 27.00 ' L Conway §
( ME= 28.00 Archives
« sME= 29.00 ,
TIME= 30.00
TIME= 31.00
TIME= 32.00 » .
U- - 72 AXK 3 3 0 .2 100 3 74 16 210 A
W 14 AXK 2 2 0 60 100 90 76 76 210 A
Y 76 EXIT c 0 o 0 100 0 41 199 111 A
P 41 MN 11 9 10 0 000 0 42 178 101 A
T TINE= 33.00
TIME= 34,00 : _
' Q 42 LAT S 0 5 166 0GG 376 44 15 211 6
S 44 LAT 10 0 3 80 000 86 46 15 211 6
U 46 AXK 5 5 0 60 0G0 150 48 16 210 6
TINE= 35.00
i Y 48 MN 1z 1 8 0 0CO 0 49 178 101 7
X 49 LAT 7 0 2 156 000 376 51 15 211 7
F1 51 LAT 8 0 4 80 000 86 53 15 211 7
8 53 CGEX 1 1 5 0 000  S90 54 - 87 110 7
C . 54 BAND 1 1 0 41 1GO 881 56 139 210 7
TIME= 36.00
TINE= 37.00
£ 56 MN 13 5 6 J) O 100 150 57 178 101 8
COF 57 LAT 5 0 5 136 1C0 436 59 15 211 3
H 59 LAT 6 0 3 82 100 88 61 15 211 8
7~ dJ 61 AN 2 12 2 0 100 90 62 166 101 8
o K 62 AN 111 1 0 100 840 63 166 101 38
L 63 MN 14 3 4 0 1C0 6 64 178 101 8
TIME= 38.00
T 64 LAT 3 0 2 256 160 436 66 15 211 9
o 66 LAT 4 0 4 32 100 88 68 15 211 9
Q 68 AN 2 14 2 0 10 90 69 166 101 9
R 69 AN 113 1 0 100 840 70 166 101 9
S 70 AXK 4 4 0 2 160 5 72 16 210 9
TIME= 39.00 ' - -
TINE= %0.00
U 72 AXK 3 3 0 2 100 5 74 16 210 A
W T4 AXK 2 2 0 60 100 150 76 16 210 A
) Y 76 EXIT 0 0 O 0 100 0 41 199 111 A
P 41 MN 11 9 10 0 000 0 42 178 101 A
TIME= 41.00
TINE= 42.08
~ TIME= 43.00
Q 42 LAT S 0 5 156 0CC 496 45 15 - 2I1 &
-S 44 LAT 10 0 3 80 0C0 90 46 15 211 6
U 46 AXK 5 5 0 60 000 210 48 16 210 6
W 48 MN 12 7 8 0 6Co 0 49 178 101 7
X 49 LAT 7 0 2 196 0C0 496 51T 15 211 - 7
Z 51 LAT 8 0 4 80 0C0 . 90 53 15 211 7
B 53 CGEX i 1 5 0 0C0 1050 54 87 110 7
c 54 BAND 1 1 0 41 10 881 56 139 210 7
o
. E 56 MN 13 5 6 0 100 210 57 178 101 8
F 57 LAT 5 0 5 136 1CO0 556 59 15 211 8
. H 59 LAT 6 0 3 82 1GO 92 61 15 211 8
J 61 AN 2 12 2 0 100 150 62 166 101 8
- K 62 AN 111 1 0’ 100 840 63 166 101 8
L 63 BN - 14 3 4 8

0 100 10 6% 178 101

TIND -

~
n
-
>
v)



e

211

M 64 LAT 3 0 2 256 9 -
. 0 66 LAT 4 0 &4 82 100 92 . 68 15 211 9 .
Q 68 AN Z2 14 2 0 100 150 69 166 101 9 e
R 69 AN 113 1 0 100 540 70 le6 101 9
S 70 AXK 4 40 2 100 7 72 16 210 9
_ TIME= 46.00
tE= 47.04
N iME= 48.00 .
U 72 AXK 3 3 0 2 100 7 74 16 210 A
- W T4 AXK "2 2 0 60 100 210 76 16 210 A
Y. 76 EXIT 0 0 O 0 100 0 41 199 111 A
- - 0 0 0 o© 0 000 0 0 999 (00 A
TIME= 49.00
TIME= 50.00
TIME= 51.00
TI1ME= 52.00
TIME= 63.00
TIME= 54.00
TIME= 55.00
_ TIME= 56£.00
TIME= 57.00
_ TIME= 58.00
TIME= 55.C0
N
3
08D
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SIMULATED TIME = ¢ TG 58 INPUT PRUGRAM = CR—FS

Q-—m—t———— ] e ) ———m— p——— = e pm— e e — e G e =
DSP X1 i8 11222222233444455556611189AA66TTTIAAG6TT8IAA
ﬁ(; o DO 1127222222334444555506611123445566623344556122 -
~ 1 A Q G u MU MU
2 A Q G X u X MU X FMU
- 3 C K S A 1T ¢ X OW Q@ X CwW Q X FOW
4 C K S A II Q 2Z HDw Q ZZ DOW Q Z7HOW
- - 5 "€ PEMMMNMUUCC KK SSZZ H YYSSZZ YYSSLZIH YY
) B 6 TE MMMMMMMUUCC KK SSBB SSEB $S88
7 GCLOGOOUOWWE EEEMMMMNULCCC S ULULCCCS UUuCC S
8 CG)GCCOUOWWEEEEMMMMUUCCC S ULCCLS ULUCC S

O-———#-——F I-———#=—=—2= == #=—==3=———F————h————4=——=G=———§====b

DSPX2 18 ’33333334455556¢66778689A 677888A 77889
DO 1333335344555566661122234 5661113 55661
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) CURRENT JOB RUNNING PROCEDURES

S

This section describes the procedures to be followed in order to use

- the timing simulation program. These procedures are to be completely
revised and expanded in the near future so that the programs may be
stored on disk at the MOD 75 comp lab and users may submit runs
directly at the comp lab (see Section 5).

“To use the timing simulator at the present time:
(i) Write the assembly code input program for the Unroller (Section 1).

(ii) Prepare the machine mmeter card required for the Timer
input deck (Section 2).

(iii) Submit these items to L. Conway, Room 203, Extension 252.
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TABLE OF IMPLEMENTED INSTRUCTIONS

4-1

The table on the following pages lists the ACS-1 instruction set op
- -codes and indicates (with an X) if a given op is implemented in the

Timing Simulator.
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L. Conway |
Archives




IBM CONFIDENTIAL

4-2

OoP opP oP 0)1%
ACH X | CEQXK Xl EQA X! LD
ACL X} CGED EQC X | LDA
ADN CGEI X1 EQX X| LDH- -
ADR CGEN X| EXIT X | LDHAA
ADU CGEX X | EXITA X | LDHBA
Al X | CGEXK X | EXITL X | LDHCA
AN X} CMEQD EXITP LDHDA
ANDA X | CMEQN X - LL X
ANDC X | CMGED LMA
ANDX -X| CMGEN X | FAFA X | LMS
AR X | CNTAA X | FAFC X | LMX
AU X | CNTAX X | FAFX X! LR X
AX X | CNTDA X| FOFA X| IX X
AXC X | CNTDX X | FOFC X | LXA
AXK X{ CNTT X | FOFX X | LXC
CUGEI X LXCA
CUGEX X ILXH X
BAND X | CUGEXK X | HIO
BEQ X | CVF X
BFAF X | CVI X MAX
BFOF X | CVN X| 1C MCX X
BOR X | CVS X | IDA MDN
BTAF X IFA X | MDR
BTOF X IFX X | MDU
BU DDN IFZA X1 MI X
BXOR X | DDR IFZX X| MKL. . X
DI Xl IR MKP
DMI ITUMA MKR X
CBA X | DMN ITUMP MILC X
CBMA DMR IVIB . MILX X
CBMX DN X MMI
CBX . X 1| DR X| LA X! MMN
CEQD DRX X LAA MMTU
CEQI X | DRXK X! LAH X | MN
CEQN X | DX X LAT X| MOT
CEQX X | DXX X! LATH X1 MR
c9q0
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OoP OP OP OoP

MRC X | SCAN SPF X! TAFA X
MSX SCH X| SPI X| TAFC X
MSXZ SCL X{ SPX Xl TAFX X
MTX SDN SR X| TCH
MU - X{ SDR " STA X| TOFA X
MX X | SDU. STAA TOFC X
MXA X1 SHA X| STAH X TOFX X
MXC X | SHAC X| STAT X
MXK X | SHD STATH X
MXP SHDC STD XORA X
MXS SHDX STDH XORC X
MXSO SHDXC STDHAA XORX X
MXT SHX X | STDHBA
MZT SHXC X | STDHCA

SI X | STDHDA

SIA X! STL - X
NOP X | SIAC X| STMA

SID STMS

SIDC STMX
ORA X | SIO STMZ
ORC X | SIX X1 STMZA
ORX X | SIXC X| STR X

SKAND X|] STX X

SKEQ X| STXA <
PAUSE SKFAF Xt STXH X
PI SKFOF X\| SU X

SKOR X| SvVC

SKTAF X! SVR
RND SKTOF X| SWA X
RX X | SKXOR X] SWX X
RXK X | SN X] X X |

SNF X

SNI X

SNX X

oq |
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PIANNED MODIFICATIONS

Certain modifications to the simulation programs are now being made
or are planned for the near future. These are briefly described below
to assist users in their planning. Updates to this memo will be issued

as these changes are included in the programs.

Unrollér Changes

The control specification facilities will be extended.

Timing Simulator Changes

(i) Additional OPS will be implemented.
(ii) New output features and options will be added.

Job Running Procedure Changes

Currently jobs must be submitted to L. Conway who will handle

the processing of the jobs. Two separate programs must be run consecu-
tively to process one timing simulation. This results in a rather

long overall turn-around time. To improve on this, the two programs
will be merged, with the trace temporarily stored in core or on disk

and automatically passed between them.

Also, the program will be placed on disk at the MOD 75 comp lab.

The running of jobs will then be handled directly by the user, who will
submit the assembly code input deck, parameter card, and approprlate
JCL cards to call for the tunlng simulator.

These changes will greatly reduce over-all turn-around time and allow
a much greater number of users to be served than is now possible.

oqalL
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A UNVT INTALK SIMULATION -

ENCLOSED 13 A SAMPLE BF THE 30T
OF coDE VSED in THE TiMiNG SIMUL IR, THE
CODE IS COMDENSED FRomM ACTVAL SimurATl
CoDE NAND DESCRIBES T™E BPRE ESSENTAS ofF
THE A uNiT INTLKS. OF A PISSIBLGE MACLH IVE
DESICN SwmywpgR TV ACS., IT Swoved SERvE
AS A GuIDF T® now OWE wigHT C4DE
A_SMuvLATION . IT DOLES NoT DESCRIDE THE
INTLRS COMPLETELY MN& 1S THE MopeEL uSED
MEANT TP REALLY MO DEL AcsS.

ENCLOSED MARE:

(1) 1]
SKETCH 0F THE HARDWARE PRRAYS PI

Sinnumso F‘Lewcwsm‘ 'oF XHCaAN P2
SMPLIFIED FrowenneT OF XAKEMP P3
code (comme~TeED) FoR XfAcpN . Py
coDE (commewnd) FR  xgome PG
ACTUAL A UMIT FAC,BUS TABLES Py
-SKETCH OF A UMIT FAC., BUSES PI
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| AbmuoD '

kbt O

ABUSY | |Aredsy
ABUEF AS$R/ADEST
25 — “— NAREGS —»

BUFF : HADS pes,REGS, TAGS

ABusy $ REGISRR WwRiITING BITS

ASPR : Exeavsiyn ¢gF Sgukce R&¢ FEr pes
HDES‘T_‘ ] n " DEST' " Hn nu
AIRBBY: HoLds PATIERN 8¢ TNBUS BUSY RITS
AFAC : HoLds Fad us'ep 8y of

.APACSC: HELDY Fae BuSy PANERN =SWET Ceil

ABYSSC : HpLDS PBUS ToeSmierceee
APBUS : $3vs vsed Ry ©OP

AFALSC

AFAac

AFSLOT

AEIGUS
AFDLY

ABYX

AFY BLS
< NAFRC—

ABLSSC
A #BuUS , T |

3 sTACK

Ros iTioNs

|

: C;!m-m;s bFAC Busy ea-ﬁe@.}
:Jnsuk # used 8y FAC B
i PELAY T¢ dBuS Time Fgpl FAC
:Fuiug Box wus€d B8y FAC
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. SUBRAUTINE XAcoN : SIMPLIEIED FeoWena®T

 THIS @oumMNESCANS THE STActKk FoR 665 wiich
CAN Gb8 = 1T, PASS AL- INTLK TEST, 1T
MAEKS Such of "Go'" AND SETS ceeTarn Susy AND
‘SN PT cRU PATIERNS .

.

CAuSE (Acon ,T+1.)
cAvse CAEMP, T+.B)
Neo = o

InNS = .
Rog(r) = o, T:/)%

L

1EST OPCINS) S/D INTLKS

$ NO v

TEST whinNe BIir INTLY

N NOME

LIE-ST'J'*{!MS@&EI.&I._
~N

SNE

JEsT EACIe T BUSY v

)y Peree

13!

CawfFetaT
T@ST OviBus _ComEuicT '_—'4

¥ None .
_oPc o mMAlK qo.#
SET /wiBvS Buiy @ \T.

SET FuncT. Bar BRVSY
PAnTets 1ne SkiBT CELL

SET O8W§ Bvsy 8.7 /VTO

SwiBT CELL CAND DEST) l

[ es= ms+i |
F INS >8Cém@u)

'

Néo = NCe + (
IF NCo >3 (ReTu®R N

>

INTUC
INTLI

CoONFLICT

vJ

0a>
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,va@Ro,u'nNE. XAEMP : SimeLEI1GD FLOWCTHART :

L,T))Bv.fbuh}\( ScANS ,Sﬂok' PR OPSWHhHicH
CAN. G>. IT ISSVES opPs By SETNING
RPPROP 21ATE i NNE 81T AND REMuvING
OP PROoMm ThE wi1-12.4

The fovh're alss resets w«HMg bits
when sWiff ceds Wdicde ovtbussing h
resRters. Thew Shiffs he shidd lls.

1".

INS =]

T ¢

NO
—3=1 0P(IVS) GoRS?|—> | NS = NS4\
\1. YES 1S INS >8? >
] YES
. FINDP DBDEST REG | . }
ANQ MARK Busy
' J EXAM(NE pRowNT
_ RoWwol oBUS
REMoYE 0P From SYupT CiLLS

STACk AND SuaBLE

Fol Bus o DEST,
UP THE sThAOK

ReseT AlCRIP
wANrGe- 8

SMIFT THE
- SHIFT CELLY 1

C KEW&D

cq6b
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..+ SUBROUTINE XACAN

. CAMMEN —- - o o
CALL cAvSE ( ACEN TimE +1.0,0,0,0)
caLt cause CAEMP, Time+0.8,0,0,0) .

- D 4 T=.,3
i A6 (x)=0
NGeg =0

C ScAN THE A ComTENDER STACK FoR 1IN =) TO 8 To FiND ofS
€. WHitH CAN GO0 — MARK THEM WITH AGy CINS) =1,
P 160 INSs =4,8. . |
TF (AFVLL (1N3).EQ.0) GB TK 100
IF (inS.€Q.)) Go T9¢ 21
o S INSML = INS= o L
Q. Te3T THE  SoveacE —DEST INTERLOCK S
DP 20 T =1y, INSML
DF 20 REG =1, NAREGS _
\F ((ASpR(193,RE6).ER, 1), AND, (ADEST (1,266 ).€Q.1)) G T 100
\WF (CADEST(1nS, 266).ER.1).AND. (PSPR (3,ReG).€Q.1)) 6¢ T¢¥ (06
\F ((AoesT (INs, REG) . EQLL) ,AND, (ADEST( T,REG ). ER.1)) G¢ T¥ 100
20 CENTINVE ,
2\ Cgwnnue .
C TesT waTiNG 81t INTERLOCK
Op 21 REC =1 NAREGS
IF ((Aspe( ivs, 266 ).E0.1) .AND. (AGusy (R€G).EQ.1\) Go TP (00

IF ((ADBST ( 1nS, REG). EQ.3) .APYD. (ABusy CREEC). ER. L)) G@ TV 100
2T ceNTINVE

C FI\ND  FACIvITY vIED By OF (‘Ns)
D¢ 25 FAd:lluAFAC
IF(AFAC(1n3, FAL). NE.O) Gp Te 20
2S5 CHENT NVE
26 CoNTINVE
€  SEE IF INGus REED 3y FAC 15 gufy
INBS = AF)1BUS ( FAC)
IF (A1@RSY( I1INBUS).ER.)) Gp T¥ foo
C Se€ IF Facivity BoX RE®.D 1S Busy
~ B¥R = ABEX(FAC)
' (agx gsy (8px).ca.l) G¢ T4 100 o097
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0o

TEDT FAC Busy REAVIREMENTS BGAINST SWIET C&BLL CcONTENTS
Whrie 10DICewTE  Busy CowDiTiows sgf 87 FRId 0P8,
DF 3o TELNSugT |
. IF(C aFsugT ( FAC, T).EG. l) Qn. cpfacsccr-ac -r) ea.1)) Gpw 100
30 CENTINUVE
TeST FaR puT@vs ComwFiic1S. By canmgme aos/-rme REGD
NOAINST CONTEBUTS OF SHIET CELLS
#Rus = AFYBLS (FAQ)
- DELAY. 2 AF LY CFAC)
aF A%us(ms,&w) NE. ) .avp.(Asvssc( oas _ DELRY) . VE.0))
X G¢ T¢ o0
1 AEAch THIS. POINT, ALL TESTS ?mssv anb of cAn Y]

S0 MARK GO, AND SET APPRoC. PMTERNS N CMIPT Ceec S,
P8RSY (mavs) >l
ABxBSy (1wBus) =)
D 32 T=\, HNSLFT
¢ (AFsLgT (FaC,T). ea.0) AFAcsc( FAc ,T)=)

32 Cpntinve |

ABussc ( ABus, DeLay) = ApBus (INS, P8us)
AGE (TnS) =
NG¢¥ = NG@ + |
1¥( NCP.BEQ.NAGE) RETRN

100 CwuTinuE

RETORN
END

ca¥%
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SUBROIVTINE XOEMP

COMMEN ———
SIS RguTINE F\Rﬂ‘ Scaws THE A cyu'reubm sTRcK F/(z.
@PS MARKRED GE . 155065 ThE OfS BY STTMNG THE

WTING BT AND REMOVING THE OF FRum Tre STACK.

Dp 1oe TNS = 1,3
5 1F(Pcg Gns).ea.0) Gg T¥ (0o
N CRroTe TR P SO =Gyt
¢?(\N$) GFES - FIRST S&ET REG wHTING B\TS
DP 10 REG =), MARGLS
1ECADEST(INS, QEG)NE nmﬂv o
ABusy (Req) 2y
10 CywTINVE
NéW ReEmgvE THE ¢gp rc.yM T™ME smcK AN P suaue ve mcw.
AINeT AN PT =)
IF(INS.EQ.B) Gp To 3|
D¢ 20 1:=)NS3,7
Ao (1) = Ac.gb(:[-ﬂ)
AFUL(T)= AFuLL (T+1)
Dg 25 J= |28
25 ARUFE(T, Ty= ABUFF( 341, T)
D¢ 26 J*\,MAREGS
. RSPR (T, = ASEUR( T+, T)
26 ADEST (T1,3) = ADesT C1+, 3)
. D¢ X7 Fac =4, naFac
27 AFAc (T,FAc) = AFAC (T4, FAC)
Dp 3 BuS:c NAGUYS
28 ApBus (1, Bus) = APRBUS (T+1, BuS)
30 CoNTINVE
31 Aco (§) =
AfuLL gy =o
Dé 125 =125
)2 AQUFF (8,3)= @D
D 126 J= 1, NAREGS

AvEST (€,T) =0 | S
\26 PSgR (g,3)=0 anives

CCoNT-)



, dF 17 Fac=l,NafFAc

127 pfFac (8, FAc)=o0
. D¢ 1R Bus= L NABYS

125 A¢sus(8,8us) =0

| Gy .Te S

loo cgnTINVE

THE NEXT FINCT N FE The RHITING 13 T8 CaNTREL THE
- WANTING 1T~ RESET WHEN 1vD\wcATED BY SHIRT CeLL
ENTRIES  THEN SHIFT THE SHIFT CELLS.
VP 2o Bus =) NABLS ,
DEST = ABussce  BuS,))
ABLUSY (DEST) = 0 |
Z(0 cywmTINVEG o
C Wow  3=1e7T THE SHIFT dews
D¢ 299 I=Lio
ABxesY (N=0
299 PIB8SsY C1) =0
SLETML aNSLpT - 1
Dg Joi J=llo |
DE 300 SiLgT =l,SLgTm/ |
300 AGu3SC (J,SLETY = PBUSSC ( T, SvgT+)
30l ABvsse ( Y,NSLyT)= O
D@ 3e3 I = 4, ~vAFAC
- DF 20 StgT 2 I, SLgTMmL - |
302 AFAcSc( 3, 8pT) = AFACSC( T, SLpTHI)
305 AFALE (3 ogT)=0
ReTuRk N
END
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‘Advanced Computmg Systems |
ose/0sl

May 24, 1967

Subject:

Refcnnee:

To

;

MPM BLCU Interface for Store Ops

F11e D R

. Conversatmn with Mr G T Paul Mr. R J’ Robelen and Mr. J. R W1erzb1ck1

 ‘ :, It is de51red to assoc1ate the Request Stack1 Wl'th the ea buss1 and the

. the A store address arrives at its correspending Data Request Stack, it ‘{-‘-j-

MOZ-8416-20

1
Statck2 on X DATA BUS,. These busses are associated with and

energized at the same time as their corresponding ea busses. See

The S1tuat10n of interest occurs with A unit type stores., The STO

Request Stack2 Wlth the ea bussz Additionally, index type storgs,wll
- ship 24 bit data words to Request Stack

on X DATA BUS1 and to Request

- diagram in Figure 1 for X unit, Figure 2 for the BLCU Request Stacks.

- effective addresses are processed in the X unit initially. Store addresses

are présentedto the BLCU Data Request Stacks in strict order. Ea bussl,

ea bu332 or both ea bussl and ea buss2 ‘may be selected. When both are
selected, the first store will be on bussl. A STO, BUS First-In-First-

Out column is filled in order with the names (1 and/or 2) of the ea busses

4~use§i to transmit the effective addresses to their corresponding Request

Stacks. At the end of the X unit interlock cycle the A unit interlock

cycle may respond to the particular store initiated by the X unit. Wherr -

is assigned a slot in that particular stack and that slot name is placed -

in either the REQL or REQ2 First-In-First-Out column.

'\é%'

IRy
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P
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Meanwhlle th° A unit mstruchons in contentmn examine the top two

. entries in the STO BUS column for validity. One or two stores are
~allowed to "go" if the entries are valid and the other standard inter-
"locks are satisfied. The first store takes the buss de51gnated by the
| -éname at the top of the STO. BUS buss column; the second store would
, take‘the next name in the column if it is different from the top name.
. Our current thinking is that two unintérlocked stores can "go" in the B

¢ s .,'//.;\
- A unit if they are in adjacent contender positions. For this reason . hhrgl

if three stores in a row are in contention and the store buss column— /j
is as follows: h N

\ Name

11 2 |

1 2

1 1

0 -

0 -
only the top A store will go this cycle. The column will then look like:

\' Name

1 2

o 1 1

0 -

0 -

0 . -
The top two A uninterlockad stores will go now if they are adjacent in
the coniender stack. The first store will transmit‘on A DATA BUS2 and
the second on A DATA BUS1 to the corresponding Request Stack. The
name of the slot of the data buffer to be filled is taken from the top

\6q
L. Conway
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Because two storés occupy

entmes of the REQl or REQZ column. .
both busses, only the top entry of each REQ column may be 1nterrogated
The top entry is removed from the approprlate column When the data

-. is entered into the named buffer. C A A e

, G. T. Paul e
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C SUBRFUTINE RQEMP

D¢ 100 INS=,, N RUF
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/
c Q_E)M/ve INS Fepn &
QINPT = 81NPT "1
km} , M= NVQQRVF -1
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" Appendix D. Powers of Two Table F
ke
Ff :
3
- 2 n 2= ;
1~ 0 1.0 3
N ’ 2 1 0.5 . i‘-;"_’,.
4 2 025 e
8 3 0125 ' '
16~ 4 00625% 7 - s | N
32 5 003125 < ol pekte .
64 6 0.015 625 C ¢
128 700078125, . :
‘ 2T 4%_‘.'.} : 1
256—= 8  0.003 906 25 ’ E
512 9 0.001 953125 .
1024 10 0.000 976 562 5 R 33
2048 11 0,000 488 281°25 . ' 5
4 096= 12  0.000 244 140 625 '
8192 13 0.000 122 070 312 5
16 384 14 0,000 061 035 156 25
32768 15 0.000 030 517 578 125 g : i
ré
- 65 536~ 16  0.000 015 258 789 062 5 , 3
oot 131 072 17  0.000 007 629 394 531 25 _ 43
262 144 18  0.000 003 814 697 265 625
524 288 19 0,000 001907 348 632 812 5
1048576~ 20  0.000 000953 674 316 406 25 '
2097 152 21  0.000 000 476 837 158 203 125
4194304 22 0.000 000238 418 579 101 562 5

8388608 23 0.000 000 119 209 289 550 781 25

16 777 216~ 24  0.000 000 059 604 644 775 90 625
33554432 25 0,000 000 029 802 322 357 €35 312 5 i3
67 108 864 26  0.000 000 014 901 161 155-847 658 25
134 217728 27  0.000 000 007 450 580 596 923 828 125

268 435 456~ 28  0.000 00 003 725 290 298 461 914 062 5 ‘
536 870 912 29  0.003 GO0 001 862 645 149 230 957 031 25 - 3
1073 741 824 30 . 270 000 000 931 322 574 615 478 515 625 . |
2147483648 31 {.i..- 000000 465 661 287 307 739 257 812 5 g

4 294 967 296~ 3Z  4.¢50 000 000 232 830 643 653 869 628 906 25 |
8589934592 33 0.000 000 000 116 415 321 826 934 814 453 125
17 179 869 184 34  0.000 000 000 058 207 660 913 467 407 226 562 5
34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 613 281 25 T

¥ 2 o4
L. Conway
Archives

AppendixD 135

P 4



F -
Y OPROG SR = 37o,f>oa a,h
@ Ke.ﬂvg. ﬂigg To Sooxfu —
Wil ey yrcll —30900875

@ Puke TRES Loy msw.f
i/ wa;o
will g% 286 xT0 /2. = 37606
. with sove pro, fmblcm}

@ MGKG ¢83F l‘,jz n-:fug w‘
YL wod. B witt hle sowe -
_‘ cy(zww'l-\} bok \el9s:

35800/2 = 17:900 &) fes

TTAL ?oss.,,ceovmé’c;), BY Common

REducTion = 96,860 Bytes

205

] . L. Conway
Archives

MERARSAL A ' EC R




Appendix E. Hexadecimal-Decimal Conversion Table

The table in this appendix provides for direct con-

HEXADECIMAL

DECIMAL

. . 16384 -
version of decimal and hexadecimal numbers in these ;ggg 20484
ranges: 6000 24576
HEXADECIMAL DECIMAL 7000 28672 )
000 to FFF 0000 to 4095 8000 32768
. 9000 36864
~ For numbers outside the range of the table, add the A000 40960
following values to the table figures: BO0O 45056
HEXADECIMAL DECIMAL C000 49152
1000 4096 D000 53248
2000 8192 E000 57344
3000 12288 F000 61440
)
had 0 1 2 3 4 5 6 7 8 9 A B C D E F
000 0000 0001 0002 0003 0004 0005 00068 0007 0008 0009 0010 0011 0012 0013 0014 0015
010 0616 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
020 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
030 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0081 0062 0063
040 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
050 0080 0081 0082 0083 0084 0085 00868 0087 0088 0089 0090 0091 0092 0093 0094 0095
060 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111
070 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
080 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
090 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159
0A0 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0BO 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191
0Co 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 (207
0DO 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
0EO 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
OF0 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
100 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
110 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 02835 0286 (287
120 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303 -
130 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
140 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
150 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351 -
160 0352 0353 0354 0355 356 0357 0358 0359 0360 0361 0362 0363 0364 0363 0366 0367
170 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
\g0 0384 0385 0386 0387 0338 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
190 0400 0401 0402 0403 0404 0405 0408 0407 0408 0409 0410 0411 0412 0413 0414 0415
1AQ 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
N 1BO 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 04468 0447 .
{ g 1Co 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0480 0461 0482 0463 - '
1D0 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E0 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495 o
I 1Fo 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0508 0507 0508 0509 0510 0511 2o («;
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0 1 2 3 4 5 6 7 8 9 A B c D E F
200 | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
210 | 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
290 | 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
230 | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 03575
240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591
250 | 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607
260 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623
270 | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
280 | 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0633 0654 0655
290 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 06668 0667 0668 0669 0870 0671
2A0 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
9B0 | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C0 0704 0705 0706 0707 0708 0709 0716 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D0 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
2E0 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751
oF0 | 0752 0753 0754 0755 0756 0757 0738 0759 0760 0761 0762 0763 0764 0765 0766 0767
300 | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
310 0781 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
320 | 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
330 | 0816 0817 0818 0819 0820 0821 0822 0823 0324 0825 0826 0827 0828 0829 0830 0831
340 | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0845 0844 08450846 0847
350 | 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0&35 0860 0861 0862 0863
360 | 0864 0865 0866 0867 0868 0869 (870 0871 0872 0873 0874 0%75 0876 0877 0878 0879
370 0880 0881 0882 0883 0884 0885 04386 0887 0888 0889 0890 0891 0892 0893 0894 0895
380 0896 0897 0898 0399 0900 0901 0902 _ 0903 0904 0905 0906 0907 0908 0909 0910 0911
390 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 (923 0924 0925 0928 0927
3A0 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0916 0941 0942 0943
3B0O 0944 0943 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3C0 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
3D0 | 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0985 0989 0990 0991
3EO | 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F0 | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
0 1 2 3 4 5 6 7 8 9 A B c D E F
400 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
410 | 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
420 1056 1037 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 | 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
440 | 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
450 1104 1105 1108 1107 1108 1109 1110 1111 1112 11183 1114 1115 1116 1117 1118 1119
460 | 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
470 | 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
480 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1183 1164 1165 1166 1167
490 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1:i79 1180 1181 1182 1183
4A0 | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
4B0 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
4C0 | 1216 1217 1218 219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D0 1232 1233 : 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4E0 1248 1249 12351 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F0 1264 1265 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
500 | 1280 1281 1283 1284 1285 1286 1287 1288 1289 1290 1201 19292 1203 1294 1295
510 | 1206 1997 12909 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
520 1312 1313 4 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
530 1328 1329 .336 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
540 1344 1345 1348 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
550 | 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
560 | 1376 1377 1375 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
570 | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1408 1407
580 | 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
590 | 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
SAO0 | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
5B0 | 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
SCO | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
SDO | 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
SEO0 | 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
SFO | 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 9 07
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0 1 2 3 4 5 6 7 8 9 A B ¢c » E F
1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599
1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1812 1613 1614 1615
1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
1632 1633 1634 1635 1638 1637 1638 1639 1640 1641 1642 1643 1644 1645 1648 1647
1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 -
1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 | -
1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 .
1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759
1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1773
1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
740 11856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 870—1871
750 |1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
760 |1888 1889 1890 1891 1892 1893 1894 1895 1898 1897 1898 1899 1900 1901 1902 1903
770 | 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
780 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 | 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A0 |1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
7B0 | 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7C0 {1984 1985 1956 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
7D0 | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
7E0 |2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F0 | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
0 1 2 3 4 5 6 7 8 9 A B C D E F
800 |2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2039 2060 2061 2062 2063
810 {2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 {2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095
830 |2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
840 |2l12 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
850 (2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
860 |2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159
870 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
880 |2176 2177 2178 2179 2180 2181 2182 <2183 2184 2185 2186 <2187 2188 2189 2190 2191
890 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
8A0 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2292 2223
880 2224 22235 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8CO |2240 2241 2242 2243 2244 9245 2246 2247 2248 2249 2250 2251 2232 2253 2254 2955
8DO 2256 2257 22358 2259 2960 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
SE0 [2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2982 2283 2284 2285 2286 2987
8FO |2288 2289 2290 2291 2292 2293 2294 2295 2206 2297 2298 2299 2300 2301 2302 2303
900 {2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
910 12320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
920 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 -
930 2332 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
940 12368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 12384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 -
960 2400 2401 2402 2403 2404 2405 2408 2407 2408 2409 2410 2411 2412 2413 2414 2415
970 | 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
980 12432 2433 24314 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
990 | 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
9A0 | 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 9479
9B0 | 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495
9CO 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 9510 2511 O
9D0 2512 2513 2514 2515 25186 2517 2518 2519 2520 2521 2522 92523 9524 9525 9528 9597
9E0 | 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543
9F0 12544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 9556 2557 2558 2559
2073
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0 1 2 3 4 5 6 7 8 9 A B c D E F
A00  |2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575
Al10 |2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591
A20  |2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A30  |2608 2609 92610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A0 |2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
A50  |2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
AGOD 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2668 2667 2668 2669 2670 2671
ATO |2672 2673 2674 92675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
A80  |2688 2689 2690 2691 2692 2693 2694 2695 2696 2607 2698 2699 2700 2701 2702 2703
A90 12704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AA0 | 2700 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
ABO |2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
ACO |2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767
ADO |2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AE0 (2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AFO {2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BOO 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
B10 2832 2833 2834 2835 92836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
B20 |2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 92859 2860 2861 2862 2863
B30 [2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879
B40 | 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 289372894 2895
B50 | 2896 2897 2898 2899 2900 2001 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B60 {2912 2913 2914 2015 2916 2917 2918 2019 2920 2921 2922 2923 2924 2925 2926 2927
B70 2928 2929 2930 2931 2932 2933 2934 2035 2936 2937 2938 2939 2940 2941 2942 2943
B8O | 2944 2045 2946 2047 2948 2949 2050 2951 2952 2953 2954 2955 2956 2957 2958 2959
B90 [2960 2961 2062 2963 2964 2953 2066 2967 2968 2069 2970 2071 297> 2973 2974 2975
BAO [2976 2977 2978 2979 2980 2981 2082 2083 2084 92985 2986 2087 2. S 2989 2990 2991
BBO |2092 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003  300: 3005 3006 3007
BCO |3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 302¢ 3021 3022 3023
BDO | 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 5037 3038 3039
BEO | 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BFO | 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071
0 1 2 3 4 5 6 7 8 9 A B C D E F
C00 {3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
Cl10 13088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C20 | 3104 3105 3108 3107 3108 3109 3110 3111 3112 3113 3114 31153 3116 3117 3118 3119
C30 |3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C40 | 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
C50 |3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167
C60 {3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C70 | 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C80 |3200. 3201 3202 3203 3204 3205 3206 3207 3208 3200 3210 3211 3212 3213 3214 3215
C90 |3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3296 3227 3228 3229 3230 3231
CAO | 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247
CBO |[3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263
CCO | 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CDO | 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3200 3291 3292 3293 3204 32903
CE0 [3296 3297 3208 3299 3300 =301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311
CFO |3312 3313 3314 3315 3316 & 17 3318 3319 3320 3321 3322 3323 3324 3325 33268 3327
D00 | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
DIO | 3344 3345 3346 3347 3346 2349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3339
D20 | 3360 3361 3362 333 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D30 | 3376 3377 337% 379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3301
D40 | 3392 3393 332 3305 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 34068 3407
D50 | 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3492 3493
DGO | 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D70 | 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D80 | 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471
DO0 | 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DAO | 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3303
DBO | 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DCO | 3520 3521 3522 3523 3524 3525 3526 3527 3528 35290 3530 38531 3532 3533 3534 3335
DDO | 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DEO | 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3366 3567
DFO | 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 9 o9
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0 1 g 3 4 5 8 7 8 9 A B c D E F
. jE00 13584 3585 3586 3587 3583 3580 3590 3501 3592 3593 3504 3595 3506 8507 3508 3599
ﬂ,. -2 E10 3600 3601 3602 3603 3604 3605 36068 3607 3608 3609 3610 3611 3612 3613 3614 3615
7| E20 | 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E30 13632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 36468 3647
E40 13648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
E50 13664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E60 3680 3681 3682 3683 3684 3685 3688 3687 3688 3689 3690 3601 3692 3893 3694 3693
E70 13696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 .
E80 13712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3795 3728 3797
E90 13728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EAO ) 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 i
EBO | 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775
ECo | 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3788 3787 3788 3789 3790 3781
EDO 13792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3808 3807
EEQ 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 23821 3822 3823
EFO 13824 3825 3826 3827 3828 3829 3330 3831 3832 3833 3834 3835 3836 3837 3838 3839
FOO 13840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F10 | 3856 3857 3858 3859 3860 3861 3862 3863 3864 03865 3866 3867 3868 38GO 3870 3871
F20 | 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3888 3887
F30 13888 3889 3890 3891 3802 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F40 | 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
F50 13920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935
FGO | 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F70 ) 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3968 3967
F80 | 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
F90 1 3984 3985 3986 3987 3988 3989 3990 3991 * 3992 3993 3994 23995 3996 3997 3998 3999
FAQ 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011} 4012 4013 4014 4015
FBO 4016 4017 4018 4519 4020 4021 4022 4023 4024 4025 4026 4027 4028 4025 1030 4031
FCO | 4032 4033 4034 4035 1078 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FDO [ 4048 4049 4050 4051 4052 4US3 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FEO | 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079 -
FFO | 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 @
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LEVEL 2 FEB 67 e \\Q51360 FORTRAN H e DATE 67.278/15.54.28 €
N r
COMPILER OPTIONS - NAME= MAIN,OPT= oz.LlNECNT-so,sounce,escaxc,NOLxST'DEcx,LOAD.MAP,NUEDIT,NDID s
9
ISN 0002 IMPLICIT INTEGER®*2(A-2) ““*U <
ISN 0003 COMMDN TIME, IPARL, IPAR2Z, IPAR3, 8
A AINPT, NABUF, ABUS(50), XINPT, NXBUF, s
B XBUS(59), IFADD, - IFDST, IFRTN, BRXP, ot ;
C BRAP, ER(8), BE(8), ET{8), NBBUF, i
D AHOLODT, XHOLDT, AFRCT, XFRCT, BOSC, 4
E BNOP, XFEP, AEP, PH1{100), PRINT, )
F FSTADD, NODOT, NOPSC, NDBUS, NADSP,
G NXDSP o o e - .
1SN AN04 COMMON/RLS/ FIRST, NAREGS, NXREGS, NABUS,
A NXBUS, STATS, ACON, XCON,y AEMP,
R XEMP, MX0, AFULL{12), XFULL(12), AGD(12),
~ C X60012), NAGO, NXGO, NATEST, NXTESY, e . .
D NAFAC, NXFAC, ABUSYZ, ABUSY(200), XBUSYZ,
E XBUSY{200), ABUFF({12,100),XBUFF(12,100),ASOR{12,200), o . 3 e
F XSOR(12,200),ADEST{12,200) ,XDEST(12,200), AFAC(12,15),
G XFAC{12,15), AFACSC{4515,20)»ARET, XFACSC(4515,20),XRET,
H ABUSSC{4,10,20),AIBBSY{10),XBUSSC{4,10,20),XIBBSY{10),XFIBUS(15),
1 AOBUS(12,10),X0BUS{12,10),AFSLOT{15,20),XFSLOT(15,20),AFIBUS{15), S
J AFDLY(1IB), XFDLY(15), AFOBUS{15), XFOBUS{15), NSLOT,
K ABUPSZ, ABUPS{200), XBUPS(200), ABUFUL{200), XBUFUL{200), ) )
L Q(16,16), SDBA(32,2), NQBUF, NQTEST, NQGO,
M QINPT, QCON, QEMP, MBUSY, MFREE,
N LDAD, MEMDLY, MEMDRY(16), NBOX, EAV,
0 MXTIME, OUTLVL, 10(4%,16), RTN, LONGBR, o )
p SrR{B), ST(8), SKXP, SKAP, NSBUF,
Q APASS{200), XPASS{200), OUT{2), JOBL6), SSTOP, e - o
R MEMCNT(16}, ABOX{15), ABXBSY{10}, XBOX(15), XBXBSY(10)
ISN 0Nn05 COMMON/RLS/ LAST
ISN 0006 INTEGER OUT
SN 0007 REAL MEMDLY,MXTIME
ISN nons REAL TIME
ISN 0009 EXTERNAL FINIS
1SN Bo10 CALL ABNERI{FINIS)
ISN 0011 1111 CONTINUE
TSN 0012 CALL INIT
ISN NO13 CALL JSTART(ENDRUN)
T ISN 0n1a CALL INTPH1
ISN NO15 IF{ENDRUN.EQ.1) STOP
T C STEP THRU CALENDAR
ISN 12017 1009 CALL TYSTEP{EVENT)
TSN 0718 TF{SSTOP.EQ.1) GO T0 1111
1SN 0020 IF{OUTLVL.EQ.O) WRITE{6,900) EVENT
1SN an22 TFE(TIME,.GT.MXTIME) GO 1O 999
ISN 0024 GO TO (142935495469 798999105,11912,13,14415,16,17,18,19,20,21,22,
X 23,24425),EVENT
12 1SN 0025 1 CONTINUE
n TSN n026 CALL XSTATS
10 ISN n027 GO TO 1000
?
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PAGE 002
ISN 0028 2 CONTINUE
ISN 1029 CALL XMXD
ISN 0030 G0 TO 1000
ISN 0031 3 CONTINUE _— ,
ISN 0032 CALL XACON
1SN 0033 GO 10 1000
1SN 0034 4 CONTINUE '
ISN 0035 CALL XXCON b
ISN 0036 GD TO 1000 o
ISN 0037 5 CONTINUF B o
ISN 0038 CALL XAEMP
o ISN 0039 GO 10 1000 o B
ISN 0040 6 CONTINUE
1SN 0041 CALL XXEMP
ISN 0042 G0 TO 1090
ISN 0043 7 _CONTINUE o
ISN D044 CALL XARET
ISN 0045 GO TO 1000 B L -
ISN 0046 8 CONTINUE
ISN 0047 CALL XXRET
ISN 0048 GO T0 1000
ISN 0049 9 CONTINUE . e o
ISN N059 CALL XEAV
o ISN 0051 GO _TO 1000 o -~ e
ISN NNS52 10 CONTINUE
ISN 0053 CALL XQCON
ISN N054 GO TO 1000
ISN 0055 11 CONTINUE
1SN 0056 CALL XQEMP
) ISN 0057 GO TO 1000
ISN 0058 12 CONTINUE
ISN 0059 CALL XMBUSY
ISN D060 GO TD 1090
~___ISN 0061 13 CONTINUE ) e _ —
ISN 0062 CALL XMFREE
1SN 0963 G0 TO 1000 - _ e S .
ISN D064 14 CONTINUE
ISN 0065 CALL XLDAD
ISN 0065 GO TO 1990
ISN 0067 15 CONTINUE . ) . _ -
ISN 0068 CALL XRTN
) ~ ISN n069 GO TO 1000 - B o )
ISN n070 15 CONTINUE
ISN 0071 G0 TN 1000
ISN 0072 17 CONTINUE
____ISN 0073 GO TO 1000
ISN 0074 18 CONTINUE
~_____ISN 0075 GO TO 1000
ISN 0076 19 CONTINUE o
2 ISN 0077 GO TO 1000
n
1o
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PAGE 003 €
ISN 0078 20 CONTINUE 4
1SN 0079 GO TN 1000 s
TSN 0089 21 CONTINUE 9
ISN 0081 GO TO 1000 L
1SN 0082 22 CONTINUE 8
1SN 0083 GO TO 1000 ¢ !
1SN 708% 23 CONTINUE oL
1SN 0085 60 TN 1000 '
ISN 0086 7?4 CONTINUF u
ISN 0087 GO TO 1000
1SN 0088 25 CONTINUE
ISN N089 6N TO 1000 ~
1SN 0090 993 CONTINUE
ISN 0091 A=1
TSN 0092 B=20000
1SN 0093 CALL TROUBL{A,8,0) o S o
ISN 0094 GO TD 1111
ISN 0095 900 FORMAT(I8) o
TISN T N096 END
12
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LEVEL 2 FEB 67 0S/360 FORTRAN H DATE, 67.282/10.36.34 [
9
COMPILER OPTIONS - NAME= MAIN,0PT=02,LINECNT=50, SOURCE,EBCDIC,NOLIST,DECK,LOAD,MAP ,NOEDIT,NOID ¢
8
ISN 0002 SUBROUT INE PH1IBS 6
C —— ot
ISN 0003 IMPLICIT INTEGER*2{A-K,M-S,U-Z) . '
ISN 0004 IMPLICIT LOGICAL*1(L) a
ISN 0005 IMPLICIT REAL (T)
[+
ISN 0006 COMMON TIME, IPAR1, IPAR2, IPAR3,
A AINPT, NABUF, ABUS {50}, XINPT, NXBUF,
B XBUS(50), IFADD, IFDST, IFRTN, BRXP,
C BRAP, ER(8], BE(BT, ET(8), NBBUF,
D AHOLDT, XHOLDT, AFRCT, XFRCT, BOSC,
E BNOP, XEP, AEP, PH1(1007, PRINT,
F FSTADD, NODOT, NOPSC, NDBUS, NADSP,
G NXDSP
C
C COMMDN AREA FOR PHASE 1
C
ISN 0007 COMMON /PHAS1/ DOTL, DOSL, DOCL, IBCL, HISL,
A SKXVy SKXCy SKXSs SKAV, SKAC, SKAS, CYCL, KY, SY, PTR, XX,
C XIC, AIC, ASA, NFA, DFA, DEN, DOT, IBN,
D XICR, AICR, PTJ, PTK, XEXT, AEXT,
G DOIB{20), DOST(20), DOAP(20), DOXP(20),
H LDEV{(20), LDDV(20), LDCKD(20), LDSEQ(20),
1 LDAW(20), LDAF{20), LDXW{(20), LDXF(201,
J HIST(12), 1BA(12), LIBV{12), LIBW(12)},
K INOP{30), 0OP(40060}, LBXI8), LBA(SY,
L PBUF{(8),
Y KNT(50), PHEND
[#
ISN 0008 COMMON /PSCS/7 LPSVI8Y, PSCA(8),P5CBIR)
*, XEXy, XEXS, XEXA, XEXB, AEX, AEXS, AEXA, AEXSB,
[} XS, y
*,EBX
C
C UPDATE DO LEVELS
ISN 0009 912 TF TLDXFIDUTYLT.AND.LDAF{DOTL) Y GOTO 913
ISN 0011 GOY0 915
ISN 0012 913 CONTINUE
ISN 0013 LDEV(DOTL)=0
ISN 0014 I8CL=D0TB{DOTL)
ISN 0015 DOIB(DOTL)=0
ISN 0016 DOSTIDOTLY=0
ISN 0017 DOAP{DOTL)=0
DOXPTDOTLT=0
12 ISN 0019 LDDV(DOTL)Y=0
n TSN 0020 LDAWIDOTL =0
10 ISN 0021 LOXW{DOTL)=0
9 0022 LDAF{DOTLT=0
8 ISN 0023 LDXF{DOTL)=0
7
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TSN 0024 LDCRDIDOTLT=0
ISN 0025 LDSEQ(DOTL)=0
ISN 0026 DOTL=DOTL#I
ISN 0027 IF (DOTL.GT.DOT) DOTL=1 6
ISN 0029 IF {DOTL,NE.DOSLY GOTO 912 ot
C It
(o CHECK FOR RETURN OF REQUESTED IB a
ISN 0031 915 CONTINUE
ISN 0032 TF TIFRTN.EQ.O0F GOTO 925
ISN 0034 LIBW(IFRTN)=0
ISN 0035 PBUFT{4)=TFRTN
ISN 0036 IFRTN=0 :
TSN 0037 925 CONTINUE — 7
c CHECK FOR RESOLVED BRANCHES
ISN 0038 SEQ=0
ISN 0039 IF (XEX.NE.0) GOTO 941
TSN 0041 TF (AEX.NE.OJ GOTO 942
ISN 0043 IF (XX.NE.O) GOTO 930
TSN 0045 TF (TFDST.NE.OV GOTO 930 .
ISN 0047 IF_(LDEVIDOSL)) GOTO 930 e
TSN 0049 NNFA=NFA+8 ===
ISN 0050 1F (NOPSC.EQ.0) GOTO 916
TSN 0052 DO 926 T=T,NOPSC
ISN 0053 IF (LPSV(I).EQ.0) GOTO 926
ISN 0055 TF TNFA.NE.PSCATIT) GOTO 926
ISN 0057 NNFA=PSCBI(I) o-K. o///
TSN 0058 —SEgr= e >
ISN 0059 926 CONTINUE
C
ISN 0060 916 CONTINUE
TSN 0061 NFA=NNFA
c SCAN IB'S FOR REQUEST
ISN 0062 DO 917 I=1,12
ISN 0063 IF (IBA(I).EQ.NFA) GOTO 920
TSN 0065 917 CONTINUE
ISN 0066 1=1
TSN 0067 TACT=ATSTIY)
c
C REQUEST TNDTRUCYION FETCH
c
ISN 0068 TFADD=NFA7Z
ISN 0069 IFDST=1BCL
ISN 0070 CIBWITBCLI=5
c SET NEXT DO ENTRY
TSN 00TT 918 CONTINUE
ISN 0072 Xx=1
TSN 0073 PBUFTIT=NFA
ISN 0074 PBUF{2) =1BCL
"““—TSN—UUTE““———————vBuF(3) =DOST
10 ISN 0076 IBA(IBCL)=NFA
9
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ISN 0077 LIBV(IBCL)=1
ISN 0078 D0 919 J=1,11
ISN 0079 919 HIST(J)=HIST{J+1)
ISN 0080 HIST{12)=IBCL é
ISN 0081 DOTI8{D0OSLI=1BCL oL
ISN 0082 LDEV{DOSL)=1 1
ISN 0083 LOCKDI(DOSL)Y=0 et
ISN 0084 LDSEQ(DOSL)=SEQ
ISN 0085 LDOVIDOSLY=0
ISN 0086 LOAW{DOSL)=0
ISN 0087 LDAF{DOSLI=0
ISN 0088 LOXW(DOSL)=0
ISN 0089 LOXF(DOSL}=0
ISN 0090 DOSL=DOSL+1
ISN 0091 IF (DOSL.GT.DOT) DOSL=1
ISN 0093 GOTD 930
[o
C REQUEST IN IB*S ~ SET-UP
ISN 0094 920 CONTINUE
ISN 0095 IF (LYIBV(I).EQ.0) GOTO 917
ISN 0097 IBCL=T
ISN 0098 DO 921 I=1,12
ISN 0099 IF THIST{T).EQ.IBCL) GOTO 918
ISN 0101 921 CONTINUE
ISN 0102 GOTO 930
(ot
ISN 0103 930 CONTINUE
ISN 0104 IF (NOPSC.LT.2) GOTO 935
ISN 0106 IF TLPSVINOPSCY.EQ.O) GOTO 93%
[ MOVE PROGRAM ENTRY INTO PSC
ISN D108 K=1
ISN 0109 N=NOPSC~-1
ISN 0110 DO 932 I=1,N
ISN 0111 IF (LPSVII}.EQ.0) K=I
ISN 0113 932 CONTINUE
ISN 0114 DO 933 I=K,N
TSN 0115 PSCATTT=PSCATT+1]
ISN 0116 PSCB(I)=PSCB(I+])
ISN 0117 PSVITY=LPSVIT+I}
ISN 0118 933 CONTINUE
TSN 0119 LPSVINOPSTY=0
ISN 0120 GOTQ 935
C
ISN 0121 941 CONTINUE
TSN 0122 XEX=0
ISN 0123 AEX=0
ISN 0124 EBXS=XEXS
12 ISN 0125 EBXA=XEXA
n TSN 0128 EBXB=XEXB
0 ISN 0127 XAF=0
7 1R
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iSN 0128 GOTO 945 v
[ [
ISN 0129 942 CONTINUE 8 !
ISN 0130 AEX=0 6 !
TSN OI31 EBXS=AEXS o (D
ISN 0132 EBXA=AEXA w,
TSN 0133 = o
ISN 0134 XAF=1 _ b
ISN 0135 GOTO 945 T
C Cd
T SCAN PSCYS § TNVALTDATE MATCHES e
ISN 0136 945 CONTINUE % n
TSN 0137 = ¥ 8 po X !
ISN 0138 IF(EBXS.NE.O) EBA=EBXB/8%8 ~ O
TSN 0140 IF {NOPSC.EQ.0) GOTO 950 !
ISN 0142 N=NOPSC-1 ;
TSN 0143 N2=NOPSC=2 ]
ISN 0144 IF (NOPSC.LT.2) N=1 ;
TSN 01456 B0 946 I=1,NOPSC - ‘
ISN 0147 IF (LPSV(1).EQ.0) GOTO 946 PO
TSN 0149 TF (PSCATIV.ED.EBXAY GOTO 955
ISN 0151 946 CONTINUE ;
TSN 0152 TF (EBXS.EQ.0Y GOTO 950 )
C INSERT BRANCH ENTRY INTO PSC : s
TSN 0154 943 CONTINUE i z
1SN 0155 IF {N.EQ.1) GOTOD 949 ‘ | &
ISN 0157 TF (L TEQ. ! z
ISN 0159 K=1 ! i
TSN 0160 DO 947 I=T,N2Z S 1
ISN 0161 IF {LPSVII).EQ.0) K=I ]
TSN 01563 947 CONTINUE ‘
ISN 0164 DO 948 I=K,N2 O
TSN 0165 PSCATTV=PSCA(T+I]
ISN 0166 PSCB{1)=PSCB{I+1)
TSN O1&7 LPSVUIYT=LPSVIT+I) )
ISN 0168 948 CONTINUE
TSN 0169 9%9 CONTINUE :
ISN 0170 LPSVIN) =1 , )
TSN 0171 PSCATN)=EBXA
ISN 0172 PSCB(N)=EBA ,
ISN 0173 GOTO 950 . e Q)
C ;
TSN 017% 955 CONTINUE
ISN 0175 IF (PSCB(I).EN.EBA) GOTO 935 )
ISN OL77 CPSVITY=0 -
ISN 0178 GOTO 943 S
C - @
12 ISN 0179 950 CONTINUE |
m TSN 0180 DOCL=DOTL !
10 ISN 0181 " 951 CONTINUE LD
: :
8 PR !
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6 i
: i
y L. Conway o
R Archives
2 |
)



(W

t4
€
1 4
PAGE 005 <
ISN 0182 1F (LDEVI(DOCL).EQ.0) GOTO 952 4
ISN 0184 IFC(LDXF{DOCL).EQ.0) . AND. {XAF.EQ.0)) GO TO 953 ¢
ISN 0186 IFT{LDAF(DOCLY.EQ.0) . AND. (XAF.EQ.1)) GO TO 953 8
ISN 0188 952 CONTINUE 6
TSN 0189 DOCL=D0CL+1 ot
ISN 0190 IF {(DOCL.GT.DOT) DOCL=1 1
TSN 0192 1F (DOCL.NE.DDSL) GOTO 951 au
C
C NO AVATUABLE ENTRIES IN DO TABLE
ISN 0194 NFA=EBXA
ISN 0195 GOTO 935
C
TSN 0196 956 CONTINUE
ISN 0197 IF (LDEV(19).EQ.0) GOTO 954
ISN 0199 IF (DDXP(19).FQ.EBA) GOTO 935
ISN 0201 IF (LDEV{20).EQ.0) GOTO 954
TSN 0203 ITF IDOXP{20).EQ.EBA) GOTO 935
ISN 0205 GOTO 954
C
ISN 0206 953 CONTINUE
TSN 0207 IF (1BA{DOTIB(DOCL)).FQ.EBA) GOTO 935
ISN 0209 IF {XAF.EQ.1) GOTO 956
C
ISN 0211 IF{LDEV(17).EQ.0) GO TD 954
TSN 6213 IF{DOAPTIT) .EQ.EBAY GO TO 935
ISN 0215 IF(LDEV(18).EQ.0) GO TO 954
ISN 0217 IFUDOAPTTI8) ., EQ.EBAY GO TO 935
ISN 0219 954 CONTINUE
ISN 0220 LDSEQIDOCLY=1
ISN 0221 ASA=EBA
ISN 0222 SY=0
ISN 0223 CALL SEARCH
C
ISN 0224 935 CONTINUE
TSN 0225 RETURN
C
1SN 0226 END
12
n
10
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LEVE 67

057360 FORTRAN H

DATE 67.285714.00.59

COMPILER OPTIONS — NAME=

MAIN,OPT=02, LINECNT=50, SOURCE+EBCDIC,NOLIST,DECK,L0AD,MAP,NOEDIT,NOID

ISN 0002 SUBROUTINE PHIMOP =~

e

o @®IN VB MmN

ISN 0003 IMPLICIT INTEGER*2({A~K,M-S,U-Z) i
TSN 000% TAPUICTT TOGICALFITLY Zt:
ISN 0005 IMPLICIT REAL (T)
C
ISN 0006 COMMON TIME, IPARL, IPARZ2, I1PAR3,
A KINPT, NABUFS ABUST(SOT, XINPT, NXBUF, o
B XBUS(50), IFADD, IFDST, IFRTN, BRXP,
C BRAP, ERTBT, BE(8T, ET(EY, NBBUF,
D AHOLDT, XHOLDT, AFRCT, XFRCT, BOSC,
E BNOP, XEP, AEP, PHITIOO), PRINT, T )
F FSTADD, NODOT, NOPSC, NDBUS,» NADSP,
G NXDSP B
o
T COMMUN AREA FOR PHASE I
C
ISN 0007 COMMON /7PHASI7 DOTL, DOSL, DOCL, IBUL, HISL,
A SKXVe SKXC,s SKXS, SKAV, SKAC, SKAS, CYCL, KY, SYs PTR, XX,
C XIC, AIC, ASA, NFA, DFA; DEN, DOT, IBN, T
D XICR,y AICR, PTJ, PTKy XEXT, AEXT,
G DOTBT20T, DOST{207, DUAP(20}¥, DOXPU207,
H LDEV{20), LDDV{20), LDCKD{20), LDSEQ(20),
I LDAWUZ20), LDAF120), LDXWUZ0), LDXFU20), B
J HIST(12), IBA(12), LIBVI12), LIBW(12),
K INOP(30)Y, OP(4000F, LBXI8Y, LBAIB), e
L PBUFI(8),
Y KNT(50), PHERD
Cc
TSN 0008 COMMON"7PSCS7 LPSVIST, PSCATBT,PSCBIB)
*, XEXy XEXSys XEXA, XEXB, AEX, AEXSs AEXA, AEXB,
* EBA; EBXS,; EBXA, ESXB
[
C OP = (IJINSADD, (ZYWNEMI, (3VMNEMZ, (&ZJPNEM3, (5111, (671,
C (7)IK, (B)ILIT, (9)SUCC, {(10)SKP, {11)IEX, (12)ACCADR,
o C (I3ITNXADR, {(14)OPNUM, {1I5JLNG, (16¥X0OP, (I7YAOP, - -
Cc {18)BROP, ([19)SKOP, (20)SKEND, (21)SPAR1l, (22)SPAR2,
C (23VSPAR3, (22 ¥SKIPy (25 VALID T
C
T
ISN 0009 ENTRY XMXD
C
ISN 0010 MX0=2
ISN 0011 CALL CAUSE (MXO,TIMEFI.O, IPART,,IPARZ, IPAR3)
12 ISN 0012 711 CONTINUE
%) ISN O0L3 XX=0
10 ISN 0014 NC TX=NXDSP
s ISN 0015 NC TA=NADSP
8 ISN 0016 DO 3 I=1,8
7 ISN 0017 [BXUT)=0
6 22|
5
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PAGE 002
ISN 0018 LBA(I)=0
ISN 0019 PBUF{1)=0
ISN 0020 3 CONTINUE
C o
C INDEX OP FLOW t
C —— T 3 t
C MOVE X-OPS TO STACK FROM DISP _
C B n
ISN 0021 DOCL=17
ISN 0022 XTC=XICR
ISN 0023 111 CONTINUE
ISN 0024 112 IF (LDEVIDOCL).EQ.DO) GOTO 130
ISN 0026 IF (LDXF(DOCL).NE.O) GOTO 116 i
ISN 0028 IF (LDXW{DOCL).NE.D) GOTD 113
ISN 0030 DOXP (DOCL )=MOD{XIC,8) . >
ISN 0031 LDXWIDOCLY=1
ISN 0032 113 IF (DOXP(DOCL).LT.7) GOTO 20
TSN 0034 IF (DOXPIDOCLY.GT.7) GOTD 115
Cc
C CHECK FDOR 1B CROSSOVER
C
ISN 0036 PYR=(DOXPIDOCLY ¥Z25Y+{{DOCL-1Y*®{25%8)) —2c~ ¢ Lft/» s
ISN 0037 {F (OP{PTR+25).EQ.0) GOTO 34
ISN 0039 iF (GP{PTR+16).EQ.0) GOTO 30
ISN 0041 IF (OP(PTR+15).EQ.1) GOTD 20
ISN 0043 IF {DOCL.GY.17)Y GOYO 130
ISN 0045 IF¥ (LDEVIDOCL+1).NE.O) GOTO 20
TSN 0047 GOTO 130
ISN 0048 115 LDXF(DOCL)=1
ISN 00493 116 IF [DOCL.GT.17) GOTOD 130
ISN 0051 DOCL=18
ISN 0052 GOTO 112
C
C CHECK 0P ENTRY
C
ISN 0053 20 PYR=T(DOXPIDOCLY®25V+{(DOCL-11*{(25¥%8)) 2., &liiee
C BUS= *X°* J/L—— o
ISN 005% BUOS=231
ISN 0055 IF (OP(PTR+25).EQ.0) GOTO 34 B
T T ISN 0057 IF {(OP(PTR+16J.NE.O) GOTO Z1
ISN 0059 GOTO 30
C
C PROCESS INDEX OP
C
ISN 0060 21 CONTINUE
TSN 0061 IF (XINPT,.GT.NXBUFY GOTU 130
12 ISN 0063 IF (NCTX.LT.1) GOTO 130
n . «07 GUTU 41
10 ISN 0067 IF {(OP{PTR+20).NE.O) GOTO 45
9 C
8
7 ZTT
6 3 P
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c MOVE X-0OP TO XBUF AND GO TO NEXT ¢
C 8
ISN 0069 23 CONTINUE s
ISN 0070 TF {XEXT.NE.OY GOTU 25 oL,
ISN 0072 LBXINCTX)=0P(PTR+23) t
ISN 0073 “XBUSTIVY=OP(PTIR+231%¥2556 ZU
ISN 0074 XBUS(2)=0P (PTR+14)
ISN 0075 XBUST3IT=0P(PTR+5] ) ) B
ISN 0076 XBUS(4)=0P(PTR+6)
TSN 0077 XBUS (S TE0PTPTR¥T) ’
ISN 0078 XBUS(6)=0P(PTR+12)
YSN 00719 — XBUSTTI=OP{PYR+I7])
ISN 0080 XBUS{8)=0P{PTR+16)
TSN 008Y XBUSTITEDPTPTRFIT) B
ISN 0082 XBUS{10)=0P(PTR+9)
TSN 0083 XBUSTITI=0OPIPTR¥10) o
ISN 0084 XBUS(12)=0P (PTR+18)
TSN 0085 XBUSTI3T=OPTPTIR+I9)
ISN 0086 XBUS{14)=0P (PTR+20)
ISN 0087 NCTXENCTX-T T
ISN 0088 CALL BUSTOX
TSN 0089 IF (OPIPTR¥24) . NE.U) GOTO 25
ISN 0091 OP(PTR+16)=0
TSN 0092 GOTO 30
[o
TSN 0093 Z5 CONTINUE T
ISN 0094 XEXT=1
ISN 0035 TF {OPUPTR+20V.NE.OY GOTO 130D
ISN 0097 XEXT=0
TSN 0098 OP(PTR+F167=0
ISN 0099 BNOP=0 N
ISN 0100 IF (OP{PTR*9).EG.0) GOYO 30 T
ISN 0102 XIC=0P{PTR+13)
TSN 0103 LOXF{DOCLT=1 T
ISN 0104 60TO 111
T
C STEP BY OP LENGTH (1,2) TO NEXT ENTRY
-
ISN 0105 30 DOXP{DOCL)=DOXP{DOCL}+0OP(PTR+15)
ISN 0106 IF {DOXPIDOCLY.GT.7) LOXF{DOCL)I=1 -
ISN 0108 XIC=XIC+OP{PTR+15)
ISN OI09 GOTO 111
(o
[ STEP OVER SPACE (IY V1O NEXY ENTRY ——— — —  ——— "7V T T T
c
TSN 0110 3% DOXPTDOCLI=DUXPIDOCL)YFL
12 ISN Ol111 IF (DOXP(DOCL).GT.7) LDXF(DOCL)=1
1 ISNU1IYT3 XTC=XTCHI
10 1SN 0114 GOTO 111
9 |
8
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c CHECK X~BRANCH 0PS L
c 8 |
ISN 0115 41 CONTINUE 6 :
ISN 0116 IF (BNOP.EQ.0) GOTO 23 oL
ISN 0118 NC TX=NCTX-1 !
TSN 0119 OPIPTR+16)=0 2
ISN 0120 GOTO 30 o
C
ISN 0121 45 CONTINUE
TSN 0122 IF (ERTBRXP).EQ.0) GOTO 23
ISN 0124 OP(PTR+20)=0
ISN 0125 TF (LDAF(DOCL).NE.O) GOTO 23
ISN 0127 XEX=1 ) o
ISN 0128 XEXS=0P(PTR+9)
ISN 0129 XEXB=0P (PTR+13)
TSN 0130 XEXA=DOAPTDOCL)
ISN 0131 GOTO 23
C
c R
TSN 0132 130 CONTINUE )
ISN 0133 XICR=XIC L
C
[
TSN 0134 811 CONTINUE
c
T ARTTH OF FLOW
c
C MOVE A-0PS TO STACK FROM DISP -
¢ i il
TSN 0135 DOCL=19
ISN 0136 AIC=AICR - B
ISN 0137 211 CONTINUE
ISN 0138 212 IF (LDEV(DOCL).EQ.0) GDTO 230
ISN 0140 IF (LDAF(DOCLY.NE.O} GOTO 215
ISN 0142 IF (LDAW(DOCL).NE.O) GOTO 213
TSN 014% DOAPTDOCLT=MODUATC, 8) a
ISN 0145 LDAW(DOCL) =1 < -
“ISN 0146 213 TF (DUAPTDOCLT.LT.TY GOTO 70 -
ISN 0148 If (DOAP{DOCL).6T.7) GOTO 215 -
C
c CHECK FOR IB CROSSOVER
c e
ISN 0150 PTR=(DOAP(DOCL ) *25)+{(DOCL-1)*{25¢8)) 2c o cliec., ¢
ISN OI51 TF (OP{PTR+Z5)V,EQ.0Y GOTO 8% v
ISN 0153 IF (OP(PTR+17).EQ.0) GOTO 80
ISN 0155 I+ TOP{PTIR¥I5).EQ.1T GOTO 10
12 ISN 0157 IF (DOCL.GT.19) GOTO 230
1 «NE.OJF GUTOD 70
10 ISN 0161 GO TO 230
9 TSN 0152 215 LDAFTDOCLY=T
8
’ 224
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ISN 0163 216 1F (DOCL.GT.19) GOTO 230 Lo
ISN 0165 DOCL=20 8
ISN 0166 GOTO 212 6
[+ CHECK OP ENTRY . ot
o ~ . t
ISN 0167 70 PTR={DOAPIDOCLY¥25)+{{DOCL-11¥{25¥8)) —2co &L 4-~&/J*————~ 4
C BUS= A" B
ISN 0168 “BUS=193
ISN 0169 IF (DOP(PTR+25).£EQ.0) GOTO 84
TSN 0171 IF {(OPTPTR+17Y.NE.OF GOTO 71
ISN 0173 GDOTO 80O
C
c PROCESS ARITH DP e
C
ISN 0174 71 CONTINUE
ISN 0175 TF (AINPT.GT.NABUF) GOTU 230 - T
ISN 0177 IF (NCTA.LT.1) GOTO 230
TSN OI79 TF {(OPUPTR*20)V.NE.OJ GOTU 85
ISN 0181 IF(OP(PTR+24) .NE.O) GO TO 75 o ) -
C
C MOVE A-0OP TO ABUF AND GO TO NEXT -
C
ISN 0183 73 CONTINUE
ISN 0I8% IF TAEXT.NE.OU) GOYO 75
ISN 0186 LBAINCTA)=0P({PTR+23)
TSN 0187 ABUS{I)Y=OP(PTR+23 %256
ISN 0188 ABUS{2)=0P{PTR+14)
ISN 0189 ABUS (3 )=0P(PTR+5) B
ISN 0190 ABUS{4)=0P{PTR+6)
ISN OI91 ABUSTST=OPTPTRFT)
ISN 0192 ABUS {6)=0P{PTR+12) i o
TSN 0193 ABUST7I=0P{PIR+1T])
ISN 0194 ABUS{8)=0P({PTR+16)
TSN 0195 ABUSTIT=0PTPTRFIT} T
ISN 0196 ABUS(10)=0P{PTR+9)
TSN OI97 ABUSTITVI=OPIPTRFIOY
ISN 0198 ABUS(12)=0P(PTR+18)
TSN 0199 ABUSTI3 ) =0P(PTR+19) -
ISN 0200 ABUS(14)=0P{PTR+20)
TSN 0201 NCTASNCTA=1 T
ISN 0202 CALL BUSTOA
TSN 0203 ITF TOPTPTR¥25T ., NE.OY GOTO 75
ISN 0205 OP{(PTR+17)=0
TSN 0206 GOTO 80
c
ISN 0207 75 CONTINUE e
12 ISN 0208 AEXT=1
7] TSN 0209 TF (OP(PTRF 20V NELOT GOTO 230
10 ISN 0211 AEXT=0
P) TSN 0212 —OPtPTIR¥1I7TI=0 T
8
’ 225
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ISN 0213 IF {OP{PTR+9).EQ.0) GOYD 80 ¢ @
ISN 0215 ATC=DP{PTR+13) 8
ISN 0216 LDAF(DOCL)=1 6 |
TSN 0217 GOT0 211 ori )
C- it
c (A}
C STEP BY OP LENGTH (1,2) TO NEXT ENTRY &
C
ISN 0218 80 DOAP{(DOCL)=DOAPI(DOCL)+0P(PTR+15) '
ISN 0219 IF (DOAP{DOCL).GY.7) LDAF(DOCL)=1 O
ISN 0221 AIC=AIC+OP{PTR+15)
1SN 0222 GOTO 211 N
c )
C STEP OVER SPACE (1) 1O NEXT ENTRY
c
TSN 0223 84 DOAPIDOCLY=DOAP{DOCL)+1 -]
ISN 0224 IF (DOAP(DOCL).GT.7) LDAF{DOCL)=1
TSN 0225 AYCSATCHI .
ISN 0227 GO0TO 211 {
(o
ISN 0228 85 CONTINUE
ISN 0229 TF TERUBRAPY.EQ.0Y GOTO 73 Q
ISN 0231 OP(PTR+20)=0
1SN 0232 IF (LDXF{DOCL).NE.O) GOTO 75 1
ISN 0234 AEX=1 ]
SN 0235 AEXS=OP(PTR+9)
ISN 0236 AEXB=0P({PTR+13)
TSN 0237 AEXA=DOXP(DUOCLY O
ISN 0238 GO 10 75 !
T
c O
ISN 0239 230 CONTINUE
ISN 0240 AICR=AIC )
TSN 0241 IF {{AEP.NE.OJ.AND., TER{BRAPY.NE.OJ) AEP=0 )
o
T
c UPDATE DISP .. A-FLOW )
TSN 0243 IF {1DEVIIJ).FQ.0) GOTO 620
ISN 0245 IF (LDAF{19).EQ.0) GOTO 640
TSN 0247 IF TLDEVI20).EQ.0) GOTUO 620 (:)
ISN 0249 IF (LDAF(20).EQ.0) GOTD 630
ISN 0251 620 CONTINUE
ISN 0252 AFIL=NDBUS 7))
ISN 0253 ADSP=19
ISN 0254 LDEVI19)=0 )
T ISN 0255 LDEVIZ0)=0 =7]
12 ISN 0256 GOTO 60
1 ISN 0257 630 CONTINUE
10 ISN 0258 J=19 )
9 ISN 0259 K=20
8
7 226 O
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ISN 0260 DOIB(J)=D0OIBI(K) L
ISN 0261 DOSTUJT=DOSTIKY g |
ISN 0262 DOAP( J)=DOAP({K) 6
TSN 02563 DOXPUJV=DOXPIK) ot
ISN 0264 LDEV(J)=LDEV{K) 1
TSN 0265 LODVUJY=LDDVIKY ot
ISN 0266 LDAWL{ J)=LDANWIK) !
TSN 0267 LDAFUJI=LDAFTKY
ISN 0268 LDXW{ J)=LDXW(K)
TSN 0269 LOXFUJT=LOXFIKY )
ISN 0270 LDCKD{ J)=LDCKD{K)
ISN 0271 COSEQUITELDSEQIKY
ISN 0272 PTJ=(J~1)%200
ISN 0273 PTRK={K=1)*200 -
ISN 0274 DO 633 I=1,200
TSN 0275 533 OPTPTIFTI=0PIPTRFT}
ISN 0276 635 CONTINUE
TSN 0277 ATC=ATC7B¥BF8 :
ISN 0278 AFIL=1 o«
ISN 0279 ADSP=20 SEL — T
ISN 0280 LDEV(20)=0
TSN 0281 GOTO %0 T o
ISN 0282 640 CONTINUE
TSN 0283 TF TLDEVIZOT.NELO) GOTO 210
ISN 0285 GOTO 635
C ~ MDVE IB O DISP PER DU ENTRY o
c
T CHECK THE DEC ORDER LEVEL T
c
ISN 0288 50 DOTL=D0OTL
ISN 0287 IF ({AEP.NE.O).OR,.(AHOLDT.NE.O)) GOTO 210
ISN 0289 51 IF {LDEVIDUCLT.EQ.0) GOTO 62
ISN 0291 IF (LDAF{DOCL).EQ.0) GOTO 63
1SN 0293 62 DOCL=DUCL¥]
ISN 0294 IF (DOCL.GT.DOT) DOCL=1
TSN 0296 TF [DOCL.NE.DOSLY GOTU 61
ISN 0298 GOTO 210
C
c CHECK ADDRESS FOR LEVEL
T
ISN 0299 63 CONTINUE
TSN 0300 TF TCDCRDIDUCLY .NE.UJ GUYO &7 v
ISN 0302 I18CL=DOIB{DOC s —
TSN 0303 IF (VAIC/8).EQ. (IBATIBCLY/8)) GOUTU 67
ISN 0305 IF (LDSEQUIDOCL) .NE.O) GOTOD 67
ISN 0307 GOTO 210 -
12 C
n T DATA ADDRESS THECKED
10 C
9 ISN U308 57 LOCKDTDOCU)=1 e
8
7 P -
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ISN 0309 DOST{DOCL)=0 ‘.,
ISN 0310 DOAPTDOCLY=DOST (DOCL) 8
ISN 0311 IBCL=DOIB{DOCL) 6,
[4 ot
C CHECK 1B WAIT & LIMIT 1
C (49
ISN 0312 IF (LIBW(IBCL).NE.O) GOTO 210
T
c CHECK IF DATA VALID
(
ISN 0314 IF {LDDV(DOCL).NE.O) GOTO 68
ISN 0316 LDDOV{DOCLI=1
ISN 0317 SY=193 N
TSN 0318 CALL FETCH
c
TSN 0319 IF {KNT{9Y.NE.O) GOYD 210
ISN 0321 1F (LDDV(DOCL).EQ.0) GOTO 210
TSN 0323 %8 LDAW(DOCLT=I
ISN 0324 LDAF{DOCL}=1
o
ISN 0325 J=ADSP .
ISN 0326 K=00CL
ISN 0327 DOIB(J)=DDIB{K)
ISN 0378 DOAP L JV=DOSTIK)
ISN 0329 DOST(J)=K ~
TSN 0330 DOXPUIV=IBALDDIBIKI]
ISN 0331 LDEVI J)=LDEVIK) o
TSN 0332 LODVIJI=LDDVIK)
ISN 0333 LDAW{ J)=0
TSN 033% TDAFTIT=0
ISN 0335 LDXWI{JI=LDXWIK)
ISN 03356 LDXFTJI=LDXFIK]
ISN 0337 LDCKD{ J)=LDCKDIK)
ISN 0338 CUSEQUITSLDSEGTK)
ISN 0339 PTJI=(J-1)%200
TSN 0340 PTK=(K=11%200
ISN 0341 DO 69 1=1,200 L
TSN 0342 59 OP(PYI+TI=0P(PTK+I}
ISN 0343 AFIL=AFIL-1 o
TSN 03%% ADSPEADSP#1
ISN 0345 AIC=AIC+8 —
—ISN 033%% DO 66 1=20,200,25
ISN 0347 66 IF {OP{(PTJ+I).NE.O) GOTO 210
TSN 0349 IF TAFTLONEL.O)Y GOTO 67
c
ISN 0351 210 CONTINUE
12 ISN 0352 J=19
n 1I5SN 0353 703 CUONTINUE
10 ISN 0354 IF (LDEV{J).EQ.0) GOTO 705
9 ISN 03556 IF TLDAFUJY.NELOF GOTO 705
8
7
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ISN 0358 K={J~-1)%200 L
ISN 0359 DD 702 I=1,8 8
ISN 0360 IF (OP{K+17).EQ.0) GOTO 701 6
ISN 03562 IF TOPIK+2Z07.NE.U) GOTO 709 ot!
ISN 0364 701 K=K+25 "
TSN 0385 70Z CONTINUE zt
ISN 0366 705 CONTINUE o
ISN 0367 J=J+1
ISN 0368 IF (J.EQ.20) GOTO 703
TSN 0370 GOTO 712
ISN 0371 709 IF {0OP{K+24) .NE.O) GOTO 710
TSN 0373 REP=T
ISN 0374 OP(K+24)=1
ISN 0375 TI0 IF (AEP.NE.OY GOTO 712 T
ISN 0377 OPI(K+20)=0
ISN 0378 TF TLDXFIJIJNEL,OY GOTO 712 o
ISN 0380 AEX=1
TSN 0381 AEXSE0OPTRF9)
ISN 0382 AEXB=DP(K+13) }
TSN 0383 AEXASDOXPTJIY S
ISN 0384 712 CONTINUE
ISN 0385 ITF (TXEPNE. OV AND. (ERIBRXPI.NELO)) T
C
T
Cc UPDATE DISP X-FLOW
ISN 0387 IF (LDEVII7Y.EQ.UY GOTO 420 B T
ISN 0389 IF (LOXF{17).EQ.0) GOTO 440
TSN 0391 IF (LDEVIIBY.EQ.UY GOTD %20 -
ISN 0393 IF (LDXF(18).£Q.0) GOTD 430
E
ISN 03956 XFIL=NDBUS
TSN 0397 XDSP=I7 T
ISN 0398 LDEV(1T)=0
TSN 0399 LDEVIIBY=0
ISN 0400 GOTO 10
TSN 0301 %30 CONTINUE
ISN 0402 J=17
TTTTTISN 0403 K=18
ISN 0404 DOIB(J)=DOIB(K)
T TTISN D&05 DOSTUII=DOSTIKY T
ISN 0406 DOAP( J)=DOAP (K)
TSN 0307 DOXPTIY=DUXPUIKY
ISN 0408 LDEV{J)=LDEVIK)
T T TSN 0409 LDDVUIYELDDVIK)
ISN 0410 LOAW(J)=LDAWIK)
TSN 0&11 LDAFTIY=LDAFIKY
12 ISN 0412 LDXW{JI)=LDXW(K)
) TSN 0313 LOXFUIYSLOXFIKY
0 ISN 0414 LDCKDT J)=LDCKD(K)
ISN 0415 COSEQUIT=LDSEQIK)
25 ¢ —_—
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ISN

0416

ISN
ISN

0417
0418

ISN
ISN

0419
0420

433
435

ISN
ISN

0421
0422

ISN
ISN

0423
0424

ISN
ISN

0425
0426

TSN 0427

ISN

0429

440
T

ISN

0430

OO O

10

ISN
ISN

0431
0433

11

ISN
ISN

0435
0437

12

ISN
ISN

0438
0440

ISN

0442

[a Xz Kg]

ISN
ISN

0443
0444

13

TSN 0445

ISN

0447

TSN
ISN

0449
0451

ISN
ISN

0452
0453

ISN
ISN

0454
0455

1O A

ISN

0456

17 LDCKD(DOCL)=1

TSN
ISN

0557
0458

12

ISN

0459

n
10

Goaqao

ISN 05360

N wias ulo N

21

PTJ=1(J-1)1%*200
PTK=({K-1)*%200
DO 433 I1=1,200
OP(PTJ+I)=0P(PTK+I)

o wlN Wl Tim o~

~|~- o

XIC=XIC/8%8+8

LDEV(18)=0

-0) GOTO 110

MOVE I8 TO DISP PER DO ENTRY

CHECK THE DEC ORDER LEVEL

IF T{XEP.NE.O).OR, (XHOLDY.NE.O)) GOTO 110
IFf {LDEVI(DDCL).EQ.O0) GOTO 12

IF (LDXFIDOCL).EQ.O} GOTO 13

DOCL=DOCL+1

IF (DOCL.GT.DOT)
IF (DOCL.NE.DOSL) GOTO 11

»

CHECK ADDRESS FOR LEVEL

IR FOWHM NO. 413 5

-
L

1F (LDCKD(DDCL) NE.Q) 60TO 17
IBCL=DOIBIDOCL]) j -
IF ((XIC/B).EQ.(IBA(IBCL)/S)) GOTO 17
ITF (LOSEQUDOCLY .NE.OY GOTO 17
LDSEQ(DOCL )=1

CALL SEARCH

DATA ADDRESS CHECKED

DOST{DOCLY=0
DOXP(DOCL)=DOST {DOCL)
IBCT=pOTBTDOCLY

IB " WAIT ¥ LINIT

IF {CIBRUTBCCY.NEL.O) GOTO 110



[a Xz Kg]

CHECK TF DATA VALID

ISN 0462 IF TLDDVIDOCLY.NE.O) GOTO 18
ISN 0464 LODVIDOCL) =1
ISN 0465 SY=231
ISN 0466 CALL FETCH
ISN 0467 IF (KNT(8).NE.O) GOTO 110
ISN 0469 IF (LDDVIDOCLY . EQ.OY GOTO 110
ISN 0471 LDXW{DOCL)=1
ISN 0472 LDXFIDOCTLT =Y
ISN 0473 J=XDSP
ISN 0474 K=DOCL
ISN 0%75 “DOTBTJIY=DOIB(KY
ISN 0476 DOXP{J)=DOST(K)
TSN 0477 DOSTUJT=K"
ISN 0478 DOAP(J)=IBA(DOIB(K))
ISN 0479 CDEVIJT=LDEVIKY
ISN 0480 LDDV(J)=LDDV(K)
ISN 048Y LDAWTJIT=LUANTK]
ISN 0482 LDAF( J)=LDAF (K)
ISN 0483 IDXHTJIT=0
ISN 0484 LDXF(J)=0
ISN 0485 LDCKDTJITELDCRDTKY
ISN 0486 LDSEQ(J)=LDSEQ(K)}
TSN U487 PTI=TUJ-11¥200
ISN 0488 PTK=({K-1)%200
g - DO 19 T1=1,200
1SN 0490 OP{(PTJ+1)=0P{PTK+1)
ISN 0391 XFIL=XFIL=1
ISN 0492 XDSP=XDSP+1 o
ISN 0493 XIC=XIC#¥8———— %
ISN 049% DO 16 [=20,200,25
TSN 0395 IF (OPTPTIFTY.REL. OV GOTO 110
ISN 0497 IF (XFIL.NE.O) GOTO 12
TSN 0&499 CONT INUE
ISN 0500 BOSC=0
TSN 0501 J=17
ISN 0502 CONT INUE
T T TISN U503 IF TLDEVIIT.EQ.O)Y GOTO 510
ISN 0505 IF {LDXF(J).NE.O) GOTO 510
TSN 0507 =UJ=1)¥200
12 ISN 0508 DD 504 I=1,8
n TSN 0509 IF TOPIRFIB ) . EQ. 0 GOTO 503
10 ISN 0511 IF (OP{K+20).NE.O) GOTO 515
ISN 0513 IF TOPIKFIBTEQ,.0) GOTO 503
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ISN 0515 IF (BNOP.EQ.0) GOTO 502 £
ISN 0517 OP{K+161=0 8
ISN 0518 GOTO 503 6 .
TSN 0519 502 BOSC=1 oL
ISN 0520 503 K=K+25 Lt
TSN 0521 504 CONTINUE e
ISN 0522 510 CONTINUE
ISN 0523 J=J+1
ISN 0524 IF (J.EQ.18) GOYO 505
“ISN 0526 GOTO 520
ISN 0527 515 IF {DP(K+24).NE.O) GOTO 516
ISN 0529 XEP=1
ISN 0530 OP{K+24)=1
TSN 0531 516 IF (XEP.NE.O) GOTO 520
ISN 0533 0P (K+20) =0
TSN 053% IF TLDAFTJT.NE. O} GOTO 520
ISN 0536 XEX=1
TSN 0537 XEXS=0P(K+97
ISN 0538 XEXB=0P{K+13) _
TSN 0539 XEXA=DOAPTJ)
1SN 0540 520 CONTINUE
C
ISN 0541 911 CONTINUE
C LOAD 1875
c
1SN 0542 IF TPHEND.GT.0) GOTO 330
ISN 0544 CALL PH118S
TSN 0545 930 CONTINUE
ISN 0546 CYCL=CYCL+1
TSN 0547 DO 999 I=1,100
ISN 0548 999 PHLLI)=0
ISN 0549 PHITIO0)=PHEND
ISN 0550 If (PHEND.GT.1) GOTO 931
ISN 0552 CALL PHIMAP
c
UE
ISN 0554 IF (IKNT(8).EQ.0).OR(KNT{9).EQ.0)) GOTD 932
ISN 0556 TF TLDEVII7) OR.LDEVII8) .UR.LDEVIIIT.UR,.LDEVIZ0) ) GOTO 932
ISN 0558 PHEND=2
ISN 0560 RETURN
TSN U561 END
12
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LEVEL 10 APR. 67 0S/360 FORTRAN H DATE 67.305/18.13.41 €
1 4
COMPILER OPTIONS — NAME= MAIN,OPT=02,LINECNT=50,SOURCE,EBCDIC ,NOLIST,DECK,L0ADsMAP NOEDIT,NDID s
9
ISN 0002 SUBROUTINE PHISPT _ ‘
[o SUPPDRT SUBROUTINES - PHASE | 8
C 6
TSN 0003 TMPLICIT INTEGER*2(A-KyM=S,U=2) ot
ISN 0004 IMPLICIT LNGICAL*1{L) 1
ISN 0005 IMPLICIT REAL (T) a
o
ISN 2006 CAOMMON TIME, IPARL, IPARZ, TPAR3,
A AINPT, NABUF, ABUS(50), XINPT, NXBUF
B XBUS(50), TFADD, IFDST, TFRTN, BRXP,
C BRAP, ER(8), BE(8), ETI(B), NBBUF,
D AHOLDT, XHOLNT, AFRCT, XFRCT, BNSC,
£ BNOP, XEP, AEP, PH1(100), PRINT,
F FSTADD, NODOT, NOPSC, NDBUS, NADSP,
G NXDSP
C
C COMMON AREA FOR PHASE 1
C
ISN 0007 COMMION /PHASL/ DNTL, NOSL, DOCL, IBCL, HISL,
A SKXV, SKXC, SKXS, SKAV, SKAC, SKAS, CYCL, KY, SY, PTR, XX,
C XIC, AIC, ASA, NFA, DFA, DEN, DOT, IBN,
0 XICR, AICR, PTJ, PTK, XEXT, AEXT,
G pNIB(29), DOST(20), DOAP(20), DOXP{20),
H LDFV{20), LNDV({2C), LDCKN(20G), LDSEQ{20),
I LDAW(20), LDAF(20), LDXW(20), LDXF(22),
J HIST(12), 1IBA(12), LIBV(12), LIBW(12),
K INOP(30C), OP(4000), LBX(8), LBA(S8),
L PBUF(3),
Y KNT(50), PHEND
8
C
C 0P = (1)INSADD, (2)MNEM1, (3)MNEM2, (4)MNEM3, (5)I1, (6}1J,
C (7T)IK, {(8)ILIT, (9)SUCC, {10)SKP, (11)IEX, (12)ACCADR,
C (13)NXADR, (14)0PNUM, (IS5)LNG, (16)X0P, (LT)ADP,
C ({13)BR0P, (19)SKOP, (20)SKEND, (21)SPAR1l, {(22)SPAR2Z,
C {23)SPAR3, (24)SKIP, {25)VALID
C
C
ISN 0008 COMMON /TAGS/ D(256,70)
C
ISN 0009 COMAON /PSCS/ PSCI50)
[
ISN 2010 COMMON/PROG/ JTRACE(1900,39), INSLOC
ISN 0011 DIMENSION LETTER(35)
ISN 0012 DIMENSTION INT(4300)
TSN 0013 DIMENSTON LETR(38)
12 ISN 0014 DIMENSION LPSVIE)
1 ISN 09015 DATA LETR/38H0123456789ABCDEFGHIJKLMNOPQRSTUVHXYZ %%/
10 ISN 0016 DATA LETTER/36HABCDEFGHIJKLMNOPQRSTUVWXYZ 123456789/
9
8
7 ;
6 2133
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ISN 0017 DATA SCT,FCT/0,0/ v
ISN 0018 DIMENSION TABLE{199) s
ISN 0019 DATA TABLE /142+4959099910,1251394%0,19,20,21722+0+23,0+2470+25, v
A 0926,10%0938,39,3%0,424155915694%0447,48,49,50,3%0,83,84,99,100, L
B 118,119,89,90,91,0,93,0995996,97,98,106,107,108,109,112,113, e
C 114,115,123,124,1275128,2%0,131,132,134,135,133,136,21%0,170, 6
D 1714172,1734174,175¢1764177,1784179,180,181,182,183,184,185,195, ot
E 196,194,8%0,202,203,2045205,206,207,208,209,215,216+217+218,219, t
F 22042219227,11%0,5640¢5890460909629015%70y66+07689050, 705037240, e
G 09764090,78,9%0,212/
ISN 0020 INTEGER®4 WRT(50)
ISN 0021 EQUIVALENCE (LPSV{1),PSCI1))
ISN 0022 EQUIVALFNCE (INT{1),DOTL)
1SN 0023 801 FORMAT {1X15,1%X3A2,1Xs3(1X12),2X1554X31143X15,2X15,2X13,2X,1611)
ISN 0024 802 FORMAT(LNXAZ, 1XT59 IX6ALs3(1XI2) ¢ 1XT594X311,1X15+1XT592XT3 92X
X 311,3XA2)
C
c
C
c FETCH ROUTINE
C TO FETCH OPS INTO IB BUFFER
c
1SN D025 ENTRY FETCH
C oy
1SN 0025 FCT=FCT+1 v,
ISN 1027 13CL=D018(DACL) ¢
1SN 0023 DEN = DOST(DOCLY ~ .~
ISN 0029 DFA={IBALIBCL)/B%B)+NEN
C
c CLEAR IR NP AREA .o
C 7 )
ISN 2030 PTS=((NOCL-1)*{25%31)
TSN 0031 PTR=PTS &
ISN 2032 DO 115 1=1,3 '
ISN 0033 DO 114 J4=1,25
ISN 0034 0P{PTR+J)=0
1SN D035 114 CONTINUE
1SN 2036 PTR=PTR+25
ISN 0C37 115 CONTINUE
ISN 0033 PAR=0
1SN 7039 POL=LETRIDAIBI{DOCLI+1)
c
c CHECK 0P INPUT
c
TSN 0040 127 IF (INOP{25).NE.O) GOTO 121
c
C READ 0P CARD
c
o READ{5,801, END=1501 (INOPIT),[=1+30)
12 C
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C TO USE UNROLLER OUTPUT, SET INOP FROM JTRAGCE i
TSN 0042 D0 131 I1=1,15 2!
ISN 0043 INOP (I )=JTRACE({INSLOC,1) 4
TSN 0044 131 CONTINUE 8
ISN 0045 MN1=JTRACELINSLOC,21) s
TSN 0046 MN2=JTRACE(INSLDC,22) o,
ISN N047 MN3=JTRACE({INSLOC,23) it
1SN D048 MN4=JTRACE(INSLNC,24) u
ISN 0049 MNS=JTRACE{ INSLOC,25)
ISN 0059 MN6=JTRACE(INSLOC,26)
:
ISN 2051 INSLOC=INSLOC+]
ISN 0052 INOP(25)=1
ISN 0053 IF (INNP{14).EQ.999) GOTO 123
ISN nN56 INOP(16)=0
ISN 0056 INOP(17)=0
ISN 0057 INOP{18)=0
ISN 09058 INOP(19)=0
TSN 0059 INOP(29)=0
ISN 1060 INOP(1A)=D{INOP(14),1)
1SN 0061 INOP(17)="{INOP(14),2)
ISN 2062 INDP{18)=D{INOP(14),3)
ISN 2063 INOPIIOV=D{INDP(14),29)
ISN 0064 INOP(20)=D(INOP{14),431)
ISN 0065 IF (INOP({17).NE.1) INOP(10)=0
ISN 05067 PNT=MOD{INOP(1),26)+1
TSN 0068 INOP(23)=LETTER(PNT)
ISN 0069 123 CONTINUE
ISN 0070 TF(PRINT.GT.1) GO 70 121
ISN 0172 WRITF(6,822) INOP(23), INOPI1) ,MNL,MN2,MN3,MNG,MN5, MN6,
(INOP{T),I=5,17},PDL
ISN 0073 121 CONTINUE
ISN 0074 IF (INOP(14).EQ.999) GOTO 152
ISN 2076 IF (INOP{1).NE.DFA) GOTO 125
I5N 2078 125 CONTINUE
ISN NDT79 PTR=PTS+(DEN%25)
SN 0C80 N 122 1=1,25
ISN 0081 OP{PTR+I)=INIP(])
TSN 308’2 INOP([)=0
1SN 2083 122 CONTINUE
ISN 008% INGP(25)=0
1SN 0085 PAR=PAR+1
ISN 0C86 DEN=DEN+OP{PTR+15)
1SN 0087 DFA=DFA+0P(PTR+15)
TSN 7083 IF (DENLLE.7) GDTO 120
1SN 0099 RETURN
C
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c FRROR — OP CARD ADDRESS IS NOT MATCH v
c CHECK FOR_SKIPS s
[d & ?
1SN 0091 125 CONTINUE - _— & ¢
1SN 02092 DFA1=DFA/3%8 8
1SN 0093 DFA2=DFA1+8 — % s
ISN 0094 IF (INOP(1)1.LT.DFAL) GOTO 127 o!
ISN 0096 IF _(INDP(1).GE.DFA2) GOTN 127 . )
ISN 2098 DFA=INOP (1) T 1 (FAK.MNE. o
ISN 0099 DEN=MOD(DFA,8) '
ISN 0100 GOTO 126 N>y
C ‘
TSN 01401 127 CONTINUE '
ISN 0172 KY=3 !
ISN n103 KNT (3)=KNT ( 3) +1
ISN 0104 128 CONTINUE
ISN 0105 IF (PAR.NE.N) RETUPN
ISN 92107 LPCKNIDOCL) =0
ISN 0108 LDDV(NOCL)=n
ISN 0109 LNSEQINICL) =D !
ISN 0110 RETURN !
C
C END OF INPUT DATA
c
TSN O111 150 CONTINUE
ISN 0112 KY = 10
ISN 0113 GATO 2000
ISN 0114 152 CONTINUE
ISN 0115 IF (5Y.E9.231) GOTA 153
ISN 0117 IF (SY.FN.193) GOTO 154
ISN D119 KY=6
ISN 0120 G3TO 128
ISN 0121 153 KNT(8)=1
ISN 0122 KY=4
TSN 0123 GOTO 123
ISN 0124 154 KNTI9)=1
ISN N1725 KY=5
ISN 0126 6NIN 129
C
[
C SEARCH ROUTINE _
c SEARCH IB'S” FOR ADDRESS
C
ISN 0127 ENTRY SEARCH
C
ISN 0123 KY=9 u
ISN 0129 SCT=SCT+1 ~_ ¥
ISN 0130 ASH=ASA/8%8
TSN 0131 DO 201 I=1,12
12 ISN 0132 [F (ASH.EQ.IBA(I)) GOTO 210
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TSN 0134 201 CONTINUE [
C S |
[ ADDRESS NOT IN IB'S — GET NEXT AVAILABLE IB v
C L
ISN 0135 TBCL=HIST(1) 8 |
ISN 0136 DO 202 I=1,11 5
ISN 0137 202 HIST{IY=HIST{I+1) ot
ISN 0138 HIST(12)=18CL Ll
C lll
c REQUEST INSTRUCTION FETCH
C
ISN 2139 IFDST2=1FNST
ISN 01490 TF (IFNST2.NE.N) LIBVIIFDST2)=0
ISN D142 LIBV(IBCL) =1
ISN 0143 LIBW(IBCL)=5
ISN 0144 IRALIACL)=ASA/8%8 __ 14
ISN 0145 IFADD=ASA/?2 Sy
ISN 0146 IFDST=13CL
ISN 0147 PBUF{1)=ASA
ISN 0148 PRUF(2)=IRCL
ISN 0149 PRUF (3)=D0CL
C
ISN 0150 205 CONTINUE
ISN 0151 XX=1
ISN n152 NFA=IBALIRCL)
ISN 0153 15 (LDXWIDOCL).DRLLDAW(DACL)) GOTO 205
ISN 7155 DNIBINOCL)=18CL
ISN N155 LODV(DACL)=0
ISN 0157 LDEVI(DNCL)Y=1
ISN 0158 DASL=DOCL
ISN n159 203 CONTINUE
ISN 0169 DISL=DNSL+1
ISN 0161 IF (DOSL.GT.DOT) DASL=1
ISN 2163 IF {DASL.FQ.ODTL) GATO 204
ISN 0165 LREV(DASL)=0
ISN 01546 GOTO 203
ISN N167 204 CONTINUE
ISN 0168 DOSL=NOCL+}
ISN D169 TF (NGSL.GT.DOT) DNSL=1
ISN 2171 RETURN
C
1SN 0172 215 CANTINUE
ISN 0173 KY = 15
ISN 0174 GNTO 20170
[
C FOUR-WNRD ADDRESS MATCH - SET POINTER TO ENTRY
C
ISN 0175 210 CONTINUE
ISN 0176 IF (LIBV(I).EQ.0) GOTO 201
2 ISN 0178 IF (LDXW{DOCL).OR.LDAW{DOCL)) GDTO 215
n
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ISN 0180 IRCL=1 4
ISN 0181 IF (IBCL.EQ.HIST(12)) GOTO 214 s
ISN 0183 " DO 211 I=1,11 i
ISN 0184 IF (IBCL.EQ.HISTI{I)) GOTO 212 L
ISN 0186 211 CONTINUE 8
ISN 2187 212 CONTINUE s
ISN 0188 DD 213 J=1,11 o
ISN 9189 213 HIST{J)=HIST(J+1) i
1SN 7190 HIST(12)=IRCL e
ISN 2191 214 CONTINUE
ISN 0192 GOTO 206
ISN 0193
TSN N193 215 CONTINUE
ISN 0194 KY = 14
TSN 0195 GOTA 2070
c
C
C
TSN 0196 ENTRY INTPHI
c
C INITIALIZE PHAS1 COMMON
ISN 7197 DN 10 1=1,43900
TSN n198 17 INT(1)=)
ISN 0199 DN 12 1=1,50
ISN 7200 KNT(1)=0
ISN n201 PSC(I)=0
ISN 0202 12 CONTINUE
ISN 0203 PHEND=0
C
C SET IMITIAL VALUES
ISN N704% DOTL=1
ISM 6205 pNsL=1
ISN D276 nnT=6
1SN 2297 IF _(NODDT.NE.O) DAT=NODOT
[
C AND SET XIC, AIC, ETC.
SN 0209 PNT=1
ISN 0210 AIC=FSTADD
ISN o211 XIC=Alr
ISN C212 NFAZAIC
SN 0213 ATCR=ATLC
1SN 0214 XTCR=X1C
1SN 0215 TRA{ 1) =NFA
ISN 72216 LIBVI1)=1
ISN 0217 CIRW(1) =5
ISN 0218 LDEV(1)=1
1SN 0219 DOIB(L) =1
1SN 0220 DOSL=2
TSN 0221 TEADD=NFA/?
12 ISN 0222 IFDST=1
11
10
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ISN 0223 J=1 s
ISN 0224 DO 11 I=1,12 94
ISN 0225 J=J+1 £
ISN 0226 IF (J.GT.172) J=1 , 8
ISN 0228 11 HIST(I)=J s
1SN G229 RETURN ot
c 1L,
C !
C RNOUTINE TO DUMP VARIABLES AND BUFFERS
¢
ISN 0230 ENTRY BUFR
C i
ISN 0231 GOTO 2770
C
ISN 0232 2011 FORMAT ('DKY='[2,*' DOT=912," DOTL='12,' DOSL='12,' DNCL="12,
XV IBCL="12," HISL="12,2X, ' XIC="16,4(1XIL) " AIC='16,4(1XI1),
%1 ASA=116)
ISN 0233 2012 FORMAT (' DO=',3{2X,4(1X12)1,8(1XI11)))
ISN 0234 2013 FORMAT ('0IBA=',12{1X16,1XI1,11))
ISN D235 2014 FORMAT (°* VL, 1206X11))
ISN nN236 2015 FARMAT {*0RR=%,8(3(1XI1),1XI6))
ISN 2237 2015 FORMAT (' %%£1, G({IX15),/)
ISN n238 2017 FORMAT (*0 CYCL XINPT NXBUE AINPT NABUF SY SCTY,
E3 FCT PTRY)
ISN 0239 2013 FORMAT {' IB,STyAP,XPy, EV,CKD,SEQsDV,AWsAF,XWyXF)
TSN 0240 2027 FORMAT (70 KNT= ',10(1X16))
C
TSN 0741 2009 CONTINUE
ISN 1242 WRITE (6,2011) KY, DOT,DOTL,DOSL,DOCL, IBCL,HISLyXICyBRXP,SKXV,
* SKX(C,SKXS,ATC,BRAP,SKAV,SKAC ySKAS,ASA
ISN 0243 WRITE 16,2017)
TSN N244 WRITE (542716) CYCL, XINPT, NXBUF, AINPT, NABUF,SY,SCT,FCT,PTR
ISN 0245 WRITFE (6,2020)(KNT{I),I=1,10)
5
ISN 0246 J=1
TSN 0247 no 2003 1=1,12
ISN 0248 WRT{J) = IBALI)
TSN 0249 WRI(J+1I=L1BV(T)
ISN 9250 WRT{J+2)=LI3W(1)
TSN 0251 J=J+3
ISN 0252 2003 CONTINUE
TSN 0253 WRITE (56,2013 1 {WRT{JYJ=1,36)
C
TSN 0254 I=DOTL-1
ISN 0255 WRITE (6,201%)
1SN 0256 DO 2001 N=1,007,3
ISN 0257 DN 2002 X=1436,12
TSN 0258 T=1+1
12 ISN 0259 IF (1.GT7.00T) I=1
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ISN 0261 WRT(K) = DOIB(I) r
ISN 0262 WRT(K+1) = DOST(I) <
ISN 0263 WRT(K+2) = DOAP(I) i
ISN 0264 WRT(K+3) = DOXP{I) ‘
ISN 0265 WRT (K+4) = LDEV(I) 8
ISN 0266 WRT(K+5) = LDCKD(I) i
ISN 0267 WRT(K+6) = LDSEQ(I) ot
ISN 0268 WRT(K+7) = LDDVLI) 1
ISN 0269 WRT(K+8) = LDAW(I) i
ISN 0270 WRT{K+9) = LDAF(I)
ISN 0271 WRT(K+10)= LDXW(I)
ISN 0272 WRY(K+11)= LDXF(I)
ISN 0273 2002 CONTINUE
ISN 0274 WRITE (6920121 IWRT{J) ,J=1,36)
ISN 0275 2001 CONTINUE
C
ISN 0276 2093 CONTINUE
ISN 0277 CALL POUMP (DDTL,INOP(1),0)
ISN 0278 IF (KY.LT.10) GOTO 2099
ISN 0289 PHEND=PHEND+2
1SN 0281 2099 CONTINUE
ISN 0282 GOT0 17090
C
ISN 0283 ENTRY OPHIMAP
C
ISN 0284 1290 CONTINUE
ISN 0285 IF (LDEV(17).E0.0) GNTO 1002
ISN 0287 IF (LDXFL17).NE.D) GOTN 1002
ISN 22R9 PHI{1)=LFTR(DOIB(17)+1)
ISN 0290 PH1(2)=LETR(NDOST(17)+1)
ISN n29] K=3200
ISN 0292 DN 1001 J=13,10
ISN D293 IF (0P(K+16).EQ.0) GOTO 1001
ISN 6295 PHL(J)=0P(K+23)
ISN N2964 IF (NP{K+15).F0.1) 6ATO 1001
ISN 0298 PH1{J+1)=PHILJ)
1SN 0299 1001 K=K+25
ISN 03929 1002 CONTINUE
ISN 0301 PHL(13)=PH1(11)
1SN 9302 PH1(11)=0
ISN 0303 IF (LDFV(18).50.0) 60OTO 1774
ISN 03125 IF (LOXF{12).NE.2) GOTN 1904
ISN 0307 PHL{TI)=LETR(DNIBI18)+1)
ISN 0308 PHI(12)=LETR(DAST(18)+1)
ISN 0309 K=3420
ISN 0310 N 1003 J=13,29
ISN 0311 IF {OP(K#16).EQ.0) GOTO 1003
ISN n313 PHL(J)=NP{K+23)
ISN 9314 IF (OP(K+15).EQ.1) GOTO 1003
12 ISN 0316 PH1(J+1)=PH1{J)
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TSN 0317 1003 K=K+75 vl
ISN 0318 1004 CONTINUE S |
TSN 0319 PHL(21)=0 9
ISN 0320 IF (LDEV(19).EQ.0) GOTO 1006 ¢!
ISN 0322 TF {LDAF[19).NE.O) GOYO 1006 8|
ISN 0324 PH1(21)=LETR{DNIB(19)+1) s
TSN 0325 PHI{22V=LETR(DAST(IIN+1) oL,
ISN 0326 K=3609 it
TSN 0327 DO 1705 J=23,30 au,
ISN 0323 IF (OP(K+17).E9.0) GOTD 1005
TSN 0330 PHITJ)=0P (K+23)
ISN 0331 IF (0PIK+15).EQ.1) GOTO 1905
TSN 0333 PHITJ+1) =PHI(J)
ISN 0334 1995 K=K+25
TSN 0335 1706 CONTINUE
ISN 0336 PH1{33)=PH1(31)
TSN 0337 PHI(31)=0
ISN 0338 IF (LDEV(20).EQ.0) GOTD 1008
TSN 7340 TF (LDAF{20}.NE.0O) GOTO 1008
ISN 0342 PHL{31)1=LETR(DOIR{20)+1)
TSN 0343 PHI(32)=LETRIDOST(20)1+1)
ISN 0344 K=3300
TSN 0345 DO 1077 J=33,40
ISN 0346 IF (NP(X+17).EQ.C) GOTO 1007
TSN 0348 PHL{JT=0P (K+23)
ISN 0349 IF (9PIX+15).FQ.1) 6OTO 1007
TSN 5351 PHL(J+LI=PHL ()
1SN 0352 1007 K=K+25
TSN 7353 1628 CONTINUE
ISN 0354 PH1(41)=0
ISN 9355 DN 1009 J=1,12
1SN 7356 PHI{J+40)=LETRIHIST{J)+1}
TSN 0357 1709 CONTINUE
ISN 0358 PHL(54)=LETR(DOTL+1)
ISN N359 BHI(55)=LETR{NOSL+1)
ISN 9360 DO 1019 J=1,00T
TSN n361 TF (LNEVIJI.NE.O) PHL(J+56)=LETR(DGIBIJI+1]
ISN 0363 1012 CONTINYE
TSN 0364 PBUF(8)=KY
ISN 03h5 KY=0
TSN 0366 J=66
ISN 0367 PHI(J+1)=LETR(PBUF(2)+1)
TSN 03538 PHITJ+21=LETR(PRUF(3)1+1)
ISN 0369 PHI(J+4)=LETR(PAUF(4)+1)
TSN 0370 PHI(J¥5)1=LETRIPRUF(BI+1)
ISN 0371 J=71
1SN 0372 DO 1012 1=1,9
ISN 0373 IF {LPSV(IN) PHI{J+I)=LETR(38) ;
ISN 0375 1012 CONTINUE
12 ISN N376 J=89 !
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ISN 0377 PHL(J+1)=LBX(4) 4
ISN 0378 PH1({J+2) =L BXI3) s
ISN 0379 PHI(J+3)=LBX(2) i
ISN 0380 PHL{J+4)=LRX{1) £
ISN 0331 PH1{J+6)=LBA(4) 8
ISN 0382 PH1(J+7)=LBA(3) i
ISN 0383 PHI(J+8)=LBA(2) ot
ISN 0384 PH1(J+9)=LBA(1) t
ISN 0385 PH1(J+11)=LETR(BNSC+1) u
ISN 0386 PHL(J+12)=LETRIXEP+1)
ISN 0387 PHI(J+13)=LETR{AEP+1)
ISN 03183 DN 1911 K=1,100
ISN 0389 1011 PHI(K)=PHL(K) %256
ISN 2399 IF_(PRINT.NE.N) RETURN
ISN 03972 WRITE (6,R10) CYCL,(PHL{I),I=1,100}
ISN 0393 810 FORMAT ('0PHL *14,4(1X2A1,1X8A1),1X40A1,1X20A1)
C
ISN 0394 RETURN
C
c
C
ISN 0395 EMD
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. LEVEL 2 FEB 67 0S/360 FORTRAN H DATE  67.248/17.38.16 :
g
4
COMPILER OPTIONS — NAME= MAJIN,DPI=00,LINECNT=50,SOURCE,EBCDIC.NOt ST, DECK,1 OADSMAP JNOEDIT,NOID :
3 ISN 0002 SUBROUTINE UNROLL £
ISN 0003~ IMPLICIT INTEGER*2{J) 8.
ISN 0004 IMPLICIT INTEGER*2{R) s
b) ISN 0005 DIMENSION JSMTAB (200,48), KSYMAD (200) ot
ISN 0006 DIMENSION JABSOP (300), JCDTYP (300), JASTCL (300) i
ISN 0007 DIMENSION LCARDN (300), LACSLC (300), JROWNM (300) u
b ISN 0008 DIMENSION JCOLP  {300)
ISN 0009 DIMENSION JSIDBB (300)
_ ISN 0010 DIMENSION JIN (300,80}
) ISN 0011 DIMENSION JTEMP(6),JEND(4)
ISN 0012 DIMENSION JTEMP4 (7)
1SN 0013 DIMENSION JIREG(2)s JJREG(2)y JKREG(2)
ISN 0014 DIMENSION JHFLD (5)
ISN 0015 DIMENSION JSTOP(6)
ISN 0016 DATA JSTOP/1S*,'T0,001,%Pt,0 ¢,1 v/
b) ISN 0017 DATA JZERO/'0'/
ISN 0018 DATA JEND/'E®, *N', *Dt, ¢ 3/
ISN 0019 DATA  JBLANK,JSMCLN/® ¥, 3:7/
3 ISN 0020 DATA JASTER/®%*/
ISN 0021 DATA JLPARN, JRPARN, JCOMMA/'(?,%)e,t, 1/
ISN 0022 COMMON /AREA2/ JNB{36), JOPCDE (6,256), JSIDB (256),
3 *JITYPE {256), JEXITF (300)
ISN 0023 DIMENS ION ROWTOT(200) ,RCNUSF{200) ,RLPNTR{200).,
X ROWCRT(200) yRSFTYP(200) ,RNUMSF(200) , JACONG{200)
3 ISN 0024 COMMON/AREA4/JN{80) 41,14
ISN 0025 COMMON/PROG/JTRACE(1000,30), INSLOC
_ ISN 0026 INTEGER*2 INSLOC
Y ISN 0027 DIMENSIGN JRNUM(10)
ISN 0028 DATA JRNUM/'0%,919,928,039 340,951 ,1468 374,380 1g3/
C INITIALTIZE PROG TRACE AREA T0 O
3 ISN 0029 DO 2000 LLL=1,1000
ISN 0030 DO 2000 LK=1,30
ISN 0031 2000 JTRACE(LLL,LK)=0
3 ISN 0032 INTR=1
ISN 0033 INSLOC=1
ISN 0034 WRITE(6,3000)
1SN 0035 WRITE(6,3001)
ISN 0036 JDECK=1
" _— C e ——
J C
C INITIALIZE ONE ENTRY IN JSMTAB
ISN 0037 IIT = 1
3 ISN 0038 DO 60 LJJ = 1,8
ISN 0039 60 JSMTAB (III,LJJ) = JBLANK
c INITIALIZE
] TSN 0040 TJK=0
12 ISN 0041 LOC=0
" ISN 0042 M =1
J ISN 0043 MM = 1
9
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ISN 0044 KSKPST = 0O 4
ISN 0045 KBRSTT = 0 s
ISN 0046 NN = 1 9
) c INITIALIZE WORKING AREAS ¢
ISN 0047 DO 2005 LLL=1,200 8 .
ISN 0048 JACDNO(LLL)=0 s
ISN 0049 ROWTOT(LLL)=0 ot
ISN 0050 RCNUSF(LLL)=0 tH
ISN 0051 RLPNTR(LLL)=0 u,
ISN 0052 ROWCRT{LLL) =1
ISN 0053 RSFTYPILLL)=1
ISN 0054 RNUMSF{LLL)=1
ISN 0055 2005 CONTINUE
ISN 0056 DO 2006 LLL=1,300
ISN 0057 JEXITF(LLL)=0
ISN 0058 2006 CONTINUE
C
c
ISN 0059 10 TJK=TJIK+1
ISN 0060 IF(1JK.LT.300) GO TO 11
ISN 0062 WRITE(6,3)
ISN 0063 STOP
ISN 0064 11 LCARDN (1JK) = IJK
C CHECK FOR COMMENT CARD
ISN 0065 12 READ (5,51) JN
ISN 0066 IF (JN(1) .EQ. JASTER ) 6O TO 12
TSN 0068 T =1
ISN 0069 CALL BLNKCK{I,INT)
ISN 0070 I= INT
ISN 0071 20 KCOUNT = 0
ISN 0072 LACSLCTIJK) = LoC
C SCAN TO PICK UP WORD
1SN 0073 28 KCOL = 1
ISN 0074 30 1 = 1+¢1
ISN 0075 DO 35 L = 1,36
ISN 0076 IF {JUN(I) .EQ. JNB(L)) GO TO 30
ISN 0078 35 CONTINUE
C SAVE LENGTH OF WORD
ISN 0079 KSUM = I-KCOL
ISN 0080 KCOLL = I-1
C CHECK FOR BLARK OR SEMICOLON
ISN 0081 IF { UN{I) .EQ. JASTER) GO TO 98
ISN 0083 IF (UNTI) .EQ. JBLANK) GO TO 100
ISN 0085 IF (JUN{I) LEQ. JSMCLN) GO TO 40
C BRANCH  TO SEARCH SYMBOL TABLE
ISN 0087 40 ASSIGN 205 TO IA
ISN 0088 GO T0 250
ISN 0089 205 GO TO (210),18
T LABEL WAS IN SYMBOL TABLE
12 C STORE CURRENT LOCATION
n
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ISN 0090 KSYMAD{MX-1) = LOC v
c STORE CURRENT CARD NUMBER <
ISN 0091 JACDNO (MX-1) = LCARDN{IJK) M
ISN_0092 GO TO 215 ‘.
C LABEL NODOT IN SYMBOL TABLE 8
ISN 0093 210 KSYMADUIII —-1) = LOC i
' C STORE CURRENT CARD NUMBER ot
ISN 0094 JACDNOLIII ~1) = LCARDN{IJK) i
ISN 0095 215 1 =1+ 1 et
ISN 0096 CALL BLNKCK {I,INT)
1SN 0097 1 = INT
ISN 0098 IF (I - 80) 28,990,990
ISN 0099 98 JEXITF(IJK) = 1
ISN 0100 1 = 1 + 1
C CHECK FOR END CARD OR OP CODE
ISN 0101 100 L = 1
ISN 0102 DO 105 1J = KCOL,KCOLL
ISN 0103 IF (UN (IJ) .EQ. JEND(L)) GO TO 105
ISN 0105 GO T0 130
ISN 0106 105 L = L + 1
[+ END CARD
ISN 0107 JCOTYP(IJK) = 12
ISN 0108 WRITE (646) JN
C MOVE CURRENT CARD TO FILE
ISN 0109 00 106 N = 1,80
ISN 0110 106 JIN {IJKyN) = JNIN)
ISN 0111 GO T0 699
ISN 0112 990 WRITE {6,7)
ISN 0113 GO T0 180
ISN 0114 993 WRITE (6,4)
ISN 0115 GO TO 708
C *x
C CHECK FOR OP-CODE
ISN 0116 130 JASTCL (IJK) =1
C SAVE STARTING COLUMN OF OP-CODE
ISN 0117 JCOLPLIJK) = KCOL
[ CLEAR JTEMP
ISN 0118 DO 132 K=1,6
ISN 0119 132 JTEMP{K) = JBLANK
- ISN 0120 L=o0
ISN 0121 DO 135 II = KCOL,KCOLL
ISN 0122 L = L+1
ISN 0123 135 JTEMP(L) = JNUITD)
ISN 0124 KTOTAL = KCOLL — KCOL + 1
C SEARCH OP CODE TABLE
ISN 0125 DO 140 I1=1,256
ISN 0126 D0 139 L=1,6
ISN 0127 IF{JOPCDE(L,11).NE.JTEMPIL)) GO TO 140
ISN 0129 139 CONTINUE
12 ISN 0130 GO TO 160
11
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ISN 0131 140  CONTINUE v,
C UNSUCCESSFUL SEARCH s
ISN 0132 WRITE(6,8) 9!
ISN 0133 GO TO 180 4
C SUCCESSFUL SEARCH 8
ISN 0134 160 CONTINUE 6!
ISN 0135 161 JABSOP{IJK)I=11 ot
ISN 0136 IF(I1.EQ.256) JABSOP(IJK)=999 t
ISN 0138 JCOTYP(TJKI=JITYPELIT) u
ISN 0139 JSIDBBUIJK)I=JSIDB(II)
ISN 0140 ITF(JSIDB(III-1) 165,165,170
ISN 0141 165 LOC = LOC + 1
ISN 0142 GO TO 175
ISN 0143 170 LOC = LOC + 2
ISN 0144 175 K = JCDTYP(IJK)
ISN 0145 GO TO (185,185), K
ISN 0146 180 WRITE (6,2) LACSLC (IJK), JN
' [ MOVE CURRENT CARD TGO FILE
ISN 0147 DO 107 N = 1,80
ISN 0148 107 JIN{IJKyN) = JUNIN)"
ISN 0149 GO 10 10
c SCAN TO A LEFT PAREN
ISN 0150 185 IK = JASTCL (IJK)
ISN 0151 DO 187 I = IK, 80
ISN 0152 IF (JN (1) .EQ. JLPARN) GO T0 300
ISN 0154 187 CONTINUE
ISN 0155 GO 70 180
C SCAN THE BRANCH AND/OR SKIP PARAMETERS
ISN 0156 300 JROWNM (IJK) = NN
ISN 0157 NNN = NN
ISN 0158 304 CONTINUE
ISN 0159 302 1 =1 +1
ISN 0160 303 IF (JN(I) .EQ. JASTER) GO TO 320
ISN 0162 IF (JN{I) .EQ. JCOMMA) GO TO 340
ISN 0164 IF (JNUI) .EQ. JRPARN) GO TO 330
c CHECK FOR NUMERIC
ISN 0166 DD 305 J = 27,36
ISN 0167 IF (JN {I) .EQ. JNB{J)}) GO TO 350
ISN 0169 305 CONTINUE
C IFf CHARACTER IS NONE OF ABOVE-ASSUME TO BE LBTTER
C COLLECT THE LABEL
ISN 0170 360 KCOL = I
ISN 0171 365 1 = T + 1
ISN 0172 DD 370 L = 1,36
ISN 0173 IF (JN(I) .EQ. JNB (L)) GO YO 365
ISN 0175 370 CONTINUE
C CHECK FOR SKIP INSTRUCTION AND
[ BYPASS SEARCH OF SYMBOL TABLE IF SKIP
ISN 0176 371 IF (JCDTYP({IJKY = 2) 372, 303, 372
12 ISN 0177 372 KSUM = I — KCOL *
11
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ISN 0178 KCOLL = I - 1 ’
ISN 0179 KK = 0 g
[ SEARCH SYMBOL TABLE i
C BRANCH INSTRUCTION ‘
ISN 0180 400 ASSIGN 405 TO 1A 8
ISN 0181 GO _TO 250 s
ISN 0182 405 GO TO {410),18 ot
C LABEL WAS IN SYMBOL TABLE t
[ STORE INDEX IN POINTER et
ISN 0183 RLPNTR(NN) = MX - 1
ISN 0184 GO TO 303
c LABEL NOT IN SYMBOL TABLE
ISN 0185 410 RLPNTRINN) = III -1
ISN 0186 GO _TO 303
c ASTERISK
ISN 0187 320 RSFTYP(NN) = 2
ISN 0188 GO TO 304
o RIGHT PAREN
ISN 0189 330 ROWTOT (NNN) = RONTOT (NNN) + 1
ISN 0190 NN = NN +1
1SN 0191 GO TO 180
C NUMBER
ISN 0192 350 RNUMSFINN) = J - 27
ISN 0193 1=1+1
ISN 0194 DO 307 J = 27436
ISN 0195 IF (JUN(I) .EQ. JNBIJ)) GO TO 351
ISN 0197 307 CONTINUE
ISN 0198 G0 TO 303
} [4 TWO DIGIT PARAMETER
ISN 0199 351 RNUMSF{NN) = 1O*RNUMSFINN) + J — 27
ISN 0200 GO TO 302
C COMMA
ISN 0201 340 ROWTAT (NNN) = ROWTOT (NNN)} + 1
ISN 0202 NN = NN + 1
ISN 0203 GO TO 302
C
C
C SECOND PASS. UNROLL LOOPS AND PROGDUCE FINAL OUTPUT
ISN 0204 699 K = 1
o ISN 0205 KN = 1
ISN 0206 700 K = KN
ISN 0207 7059 DO 7069 NI = 1,2
ISN 0208 JIREGI(NI) =  JIERG
ISN 0209 JJREGINI) = JLERO
ISN 0210 7069 JKREGINT) =  JZERO
ISN 0211 DO 1719 L = 1,5
ISN 0212 1719 JHFLD(L) = JZERO
) C CHECK FOR END CARD
ISN 0213 IF TJCOTYP(KY) = 12 ) 101,715,715
12 ISN 0214 701 KK = JCDTYP(K)
1"
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ISN 0215 GO TO ( 704,790,705) y KK v
ISN 0216 725 KN = KN + 1 S
ISN 0217 GO 10 730 v
c BRANCH INSTRUCTION 4
ISN 0218 704 IF (JEXITFIK) - 1 ) 703,7725,71725 81
ISN 0219 7725 IF (KSKPST — 1 ) 703,725,725 .
[4 SKTP  INSTRUCTION oL
ISN 0220 790 IF  (KSKPST = 1 ) 703, 7911,7911 wi
ISN 0221 7911 IF (JEXITF(K) — 1)791,725,125 &,
ISN 0222 791 MM =2
c BRANCH OR SKIP INSTRUCTION
ISN 0223 703 JTYPE = JCDTYP(K)
ISN 0224 N = JROWNMTK)
ISN 0225 GO YD 800
c ANALYZE T,J,K, AND H FIELDS
ISN 0226 730 I = JASTCLIK)
ISN 0227 DO 190 IM = 1,80
ISN 0228 190 JNUIM) = JIN {K,IM)
ISN 0229 CALL BLNKCK (1,INT)
ISN 0230 I = INT
ISN 0231 IF (I-80) 158,708,708
ISN 0232 158 IF (KK -7) 1589,708,708 A
ISN0233 1589 IF (JN(T) .EQ. JCOMMA) GO 10 157
ISN 0235 CALL ANIJK (JIREG)
ISN 0236 GO TO (9931,1J
ISN 0237 151 IF (KK — 6) 151941554155
TSN 0238 1519 1IF (JN(I) .NE. JCOMMA ) GO 10 993
ISN 0240 1= 1+1
ISN 0241 IF (JN(I) .EQ. JCOMMA) GO 10 1539
ISN 0243 CALL ANIJK (JJREG)
TSN 0244 GO 70 (993),1J
ISN 0245 IF {KK — 5 ) 153,155,155
TSN 0246 153 IF (JN(I)J .NE. JCOMMAY GO 10 159
ISN 0248 1539 1 = I+1
ISN 0249 IF (JN(T) JEQ. JCBMMAY GO TO 154
ISN 0251 CALL ANIJK (JKREG)
TSN 0252 GO 70 (993),1J
ISN 0253 155 IF (JN(I) .NE. JCOMMA ) GO TG 708
ISN 0255 T=1+1
ISN 0256 IF (UNUI) .EQ. JCOMMA) GO TO 708
ISN 0258 D0 152 L = 1,26
ISN 0259 152 IF (JUNUI) .EQ. JNB(L)) GO TO 708
TSN 0261 DO I7Z L = 27,36
ISN 0262 1IF {UN(I) .EQ. JNB{L)) GO TO 173
TSN 0264 172 CONTINUE
ISN 0265 60 TO 993
1SN 0266 IT3 KT = 0
ISN 0267 1A = 1
TSN 0268 ITé4 I = 1T # 1
12 ISN 0269 KI = KI + 1
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ISN 0270 DO 176 L = 27,36 4
ISN 0271 IF _(JUN{I) .EQ. JUNB(L)) GO TO 174 S
ISN 0273 176 CONTINUE i
ISN 0274 J=5 ‘
ISN 0275 KK =KI - 1 8
ISN 0276 DO 177 LL = 1,KI $
ISN 0277 JHFLD(J) = JIN(IA+KK)} ot
ISN 0278 Jd=J-1 L
ISN 0279 177 KK = KK-1 u
ISN 0280 GO _T0 708
ISN 0281 1ST I = 1 +1
ISN 0282 IF_{(JUN(I) .NE. JCOMMA) GO TO 993
ISN 0284 GO TO 151
ISN 0285 159 IF (JUN(I) .EQ. JBLANK) GO TQ 708
ISN 0287 GO TO 993
ISN 0288 154 1 = I+1
ISN 0289 GO TO 155
c EXIT INSTRUCTION
ISN 0290 705 IF (KBRSTT - 1 ) 707+720,720
ISN 0291 707 KN = KN + 1
ISN 0292 G0 TO 708
C BRANCH STATE IS ACTIVE
ISN 0293 720 KN = JACDNG{KX)
ISN 0294 M= 2
ISN 0295 JNXTLC = KSYMADIKX)
ISN 0296 G0 70 770
ISN 0297 708 CONTINUE
ISN 0298 IF(JSIDBB (K) — 1) 760, 760,765
ISN 0299 760 JNXTLC = LACSLC (K) + 1
ISN 0300 G0 TO 770
ISN 0301 765 UNXTLC = LACSLC (K) + 2
ISN 0302 770 LIN = JCOLP(K)
ISN 0303 LINL = JASTCL(K) -1
ISN 0304 DO 785 J = 1,7
ISN 0305 785 JTEMP4 (J) = JBLANK
ISN 0306 JJ = 0
ISN 0307 DO 786 J = LINy, LINI
ISN 0308 JJd = JJ + 1
ISN 0309 786 JTEMP4 (JJ) = JIN (K,J}
C
C
- o IF INPUT PARAM JDECK=1l, PRINT-PUNCH CARD OF TRACE
ISN 0310 IF(JDECK.NE.1) GO TO 2900
C PRINT OUTPUT
ISN 0312 797 WRITE (6,950) LACSLCIK)y (JTEMP&G(J)y J = L1+70,
*(JIREGII)y | =142)y (JJIREGII)»I=152) o{JKREG(I)y I = 1,2},
*(JHFLD(IY, I = 1+45)9 KBRSTT,
*  KSKPSTLJEXITF(K)y (JHFLD(I)y I = 1,5), JNXTLC,
* JABSOP(K), JSIDBBI(K)
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C r
C PLACE INST INTO TRACE <
ISN 0313 2900 CONTINUE 9
ISN 0314 JTRACE(INTR,1)=LACSLCI(K) £
ISN 0315 JIR=0 8
ISN 0316 JJIR=0 6!
ISN 0317 JKR=0 oL,
ISN 0318 DO 2960 LK=1,10 1t
ISN 0319 IF(JIREG(L) «EQ. JRNUM{LK)) JIR=JIR+10*({LK~-1) (4%
ISN 0321 IF(JIREG(2).EQ. JRNUMILK)) JIR=JIR+LK~-1
ISN 0323 IF(JJREG(]1).EQ. JRNUMILK)) JJIR=JIR+IO¥*{LK-1)
ISN 0325 IF(JIREGE(2).EQe JRNUNI{LK)) JJIR=JIR+LK-1
ISN 0327 IF{JKREG(1) .EQ. JRNUMILKY) JKR=JKR+IOZI(LK~-1)
ISN 0329 IF(JKREG(2) .EQ. JRNUMILK) ) JKR=JKR+LK~-1
TSN 0331 2960 CONTINUE
ISN 0332 JTRACE({INTR,5)=J1IR
ISN 0333 JTRACE({INTR,6)=JJR
ISN 0334 JTRACE{INTR,7)=JKR
ISN 0335 JHTEMP=0
ISN 0336 DO 2961 LK=1,10
ISN 0337 TF{JHAFLD{5) .EQ. JRNUMNT{LKY) JHTEMP=JHTEMP+LK—~1
ISN 0339 IFIJHFLD{4) .EQ. JRNUM(LK) )} JHTEMP=JHTEMP+10%*(LK-1)
ISN 0341 IF(JHFLDI3) .EQ. JRNUM{LK) ) JHTEMP=JHTEMP+100*(LK-1)
ISN 0343 IF(JHFLD(2) .EQs JRNUM(LK)) JHTEMP=JHTEMP+1000%{LK~1)
ISN 0345 IF(JHFLD(1) .EQ. JRNUMILK)) JHTEMP=JHTEMP+10000%{LK-1}
ISN 0347 2961 CONTINUE
ISN 0348 JTRACE{INTR,8)=JHTEMP
ISN 0349 JTRACE(INTR,9)=KBRSTT
ISN 0350 JTRACE(INTR,10)=KSKPST
ISN 0351 JTRACE(INTR11)=JEXITFI(K)
ISN 0352 JTRACE({INTR,1ZV=JHTEMP
ISN 0353 JTRACEUINTRy13)=JNXTLC
ISN 0354 JTRACE(INTR,14)=3ABSOP(K)
ISN 0355 JTRACE{INTR,15)=JSIDBB{K])
ISN 0356 DO 2977 LK=1,6
ISN 0357 JTRACE({INTRyLK+20)=JTEMPL (LK)
ISN 0358 2977 CONTINUE
C
[
C INCR., TRACE INPUT POINTER
ISN 0359 INTR=INTR+1 o
ISN 0360 IFUINTR.LE.1000) GO TO 2950
ISN 0362 WRITE(6,2910)
ISN 0363 RE TURN
ISN 0364 2950 CONTINUE
ISN 0365 GO TO (781,780), M
ISN 0366 780 M = 1
ISN 0367 KBRSTT = 0
ISN 0368 781 GO TO (796, 793, 795), MM
12 ISN 0369 793 KSKPST = 0
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ISN 0370 MM = 1 v
ISN 0371 G0 TO 796 s
ISN 0372 795 KSKPST = 1 g
ISN 0373 MM = 1 ‘
ISN 0374 796 GO TO 700 8
ISN 0375 715 CONTINUE ¢
ISN 0376 JTRACE(INTR,1)=LACSLC(K) ot
ISN 0377 JTRACE(INTR y14)=JABSOP (K} t
ISN 0378 JTRACE{INTR,15)=JSIDBB(K} o
ISN 0379 DO 2978 LK=1,6
ISN 0380 JTRACEUINTR,LK+20)=JSTOP (LK)
ISN 0381 2978 CONTINUE
ISN 0382 WRITE(6,3002)
ISN 0383 RETURN
[
C
C ANALYZE BRANCH DR SKIP ENTRY IN TABLE
ISN 0384 800 GO TO (802,803),JTYPE
C EXIT IF BRANCH STATE ACTIVE
ISN 0385 802 IF (KBRSTT - 1) 803,725, 125
ISN 0386 803 IF (ROWCRT (N) - ROWTOT(N)) 801, 801, 725
C PROCESS NEXT ROW
ISN 0387 801 KL = ROWCRT {N)
ISN 0388 KL = KL + N - 1
ISN 0389 L = RSFTYP (KL}
ISN 0390 GO TO {819,830), JTYPE
ISN 0391 819 GO TO (820,830), L
c SUCCESS
ISN 0392 820 KX = RLPNTRIKL)
C FAILURE - o
ISN 0393 830 RCNUSF (KL) = RCNUSF (KL) + 1
ISN 0394 IFf (RCNUSF {KL)— RNUMSF {KL)}) 850,840, 840
ISN 0395 840 ROWCRTIN) = ROWCRT (N) + 1
ISN 0396 850 GO TO (860,880),L
ISN 0397 860 GO TO (870,890),JTYPE
ISN 0398 870 KBRSTT =1
ISN 0399 880 GO 10 725
ISN 0400 890 MM = 3
ISN 0401 GO 10 725
o C SEARCH SYMBOL TABLE ROUUTINE _
ISN 0402 250 1B = 1
- ISN 0403 KKCNT = 0
ISN 0404 D0 260 MX = 1,II1
ISN 0405 IF {KKCNT — KSUM) 255,225,255
ISN 0406 255 KKCNT = 0
ISN 0407 J=0
ISN 0408 DO 260 L = KCOL,KCOLL
ISN 0409 J=J+1
ISN 0410 IF (JSMTABINMX,J) .EQ. JNI(L])
12 *#KKCNT = KKCNT + 1
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ISN 0412 260 CONTINUE v
c LABEL NOT IN SYMBOL TABLE s
[ STORE LABEL v
ISN 0413 L=1 L
ISN 0414 DO 265 11 = KCOL,KCOLL 8 i
ISN 0415 JSMTABAIII,L) = JN(II) 6
ISN 0416 265 L =L + 1 ol
Cc INITIALIZE NEXT SYMBOLIC LOCATION TO BLANKS tti
TSN 0417 TI1T = IIT + 1 o,
ISN 0418 DO 268 LJJ = 1,8
ISN 0419 268 JSMTAB (II1,LJJ) = JBLANK
ISN 0420 GO TO 1A,{205,405)
T LABEL WAS IN SYMBOL TABLE
C DOUBLE CHECK FOR CORRECT MATCH
TSN 0421 225 IF (KSUM - 8) 226,230,990
ISN 0422 226 IF [JSMTABIMX-1,J+1) .NE. JBLANK) GO TQ 255
ISN 0424 230 IB = 2
ISN 0425 GO TO 1A,{205,405)
ISN 0426 1 FORMAT (B0A1l)}
ISN 0427 2 FORMAT {* ', 110, B80Al)
ISN 0428 3 FORMAT (" *,9700 MANY INPUT CARDS")
ISN 0429 4 FORMAT (* *, "OPERAND FIELD ERRODR?')
ISN 0430 6 FORMAT(' ',10X,80A1)
ISN 0431 7 FORMAT (' ERROR ON FOLLOWING CARD?')
ISN 0432 8 FORMAT (" *,'0P CODE ON NEXT CARD NOT IMPLEMENTED?®)
ISN 0433 950 FORMAT (* *,1691Xs7ALe1X92({2A191X) y2A142X95A1,4Xs311,
*¥3X95A1 42X 15e2X413,2X,11)
ISN 0434 2910 FORMAT(* TRACE EXCEEDS 1000 INSTRUCTIONS — — — TERM.UNROLL?')
ISN 0435 3000 FORMAT{Y - - - - -~ UNROLLER INPUT PROGRAM — ~ —- — = ')
ISN 0436 3001 FORMAT({1HO)
ISN 0437 3002 FORMAT(1HI)
ISN 0438 END
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COMPILER OPTIONS - NAME= MAIN,OPT=00,LINE

_ LEVEL 14 { 1 JUN 67)

05/360 FORTRAN H

ISN
ISN
ISN
ISN

CISN

TN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISNT

ISN
1SN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN

0002
0003
0004
0005
0006

0007
0008
0009
0010
0011
0013
0014
0015
0017
0018
0019
0020
0021
0022
0024
0025
0026
0027
0028
0029
0030
0031
0ec32
0033
2034

254

L

Conway
Arcnives

?ﬁ

190
15

20

39

35

490

SUBROUTINE ANTJK (JANS) 7

IMPLICIT INTEGER*2(J)
INTEGER®*2 JANS ~ 77

DATA JZERO/*0'/

COMMON /AREA2/ JUNB(36)s JOPCDE (64256},
(256), JEXITF (300)
COMMON/AREA4/IN(80) 1,10

DIMENSION JANS(2)

*JIT

IJ
DO

YPE

=2

10 L = 1426

IF (UN(I) <EQ. JNB(L)) GO TO 40
CONTINUE

DO 20 L= 27,36

IF (IN(I) .EQ. JNBIL)) GO 70O 25
CONTINUE

IJ =1

RETURN

I =1+ 1

DO 30 L = 27,36

IF (UN(I) JEQ. JNBIL)) GO TO 35
CONTINUE

JANS(1) = JZERO

JANS(2) = JUN(I-1)

RETURN

JANS(1) = JN (I-1)

JANS(2) = N (I)

I =1+ 1

RETURN

I =1 +1

6U TO 15

END

JSIDB (256),

DATE 68.074/14.59.34

CNT=56,SOURCE, EBCDIC,NOLIST,NODECK 1L OAD s MAP, NOEDIT, 1Dy XREF
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LEVEL 5 DEC 66

DATE YS$/360. FORTRAN H

DATE 67.236421.58.0%

C0MBlLEB_QEIIDMS___NAME___HAIN4DPI_QQ4L1NE£NI~534SQUR£E4EBLD1C;NDL1SI;DELK;LQAD;HAE+NDEDII+MQID

o ®|N v w(m o~

ISN 0002 BLOCK DATA
TSN 0003 IMPLICIT INTEGER*2{A-1)
C >
C FORM THE DECODE TABLE HERE WITH DATA STATEMENTS ot
ISN 0004 COMMON/TAGS/ o o t
X TO1{256),T02(256),T03(256)+T04(256),T05(256),T06(256), &
X _T07(256),708(256),709(256),T201256),T11(256),T12(256),T13(256}, ——
X T14{256),T15(256),T16(256),T17(256),T18(256) +T19(256),1201256)»
o X TZl(ZSb),Tg}(ZSb)!1§3(25§13Ig§!2§9):T25(256),TZb(ZSb);[Q](ZSb)y e —
X T28(256),T29(256),T30(256),T31{256),T32(256)4,133(256),T34(256),
- X T35(256),T36(256)'T37(256)'738(25913}39(256)o740(25§1L1ﬁ1(256). - i} ——n —
X T421256)5T430256),T44(256) 3T45(256) 4T460256) 9T4T(256)19T48(256) »
X 749(256),r50(256).151(256),152(2553.153(256).T§51g§9).75§[g§6). _____
X T56(256),757(256),158{256)9759(256) +160(256),161(256)+762(256),
X T63(256),T64(256),T65(256),T66(256),T67(256),T68(256),769(256),
- X 170(256)
ISN 0005 DATA T01/15150019193%091915051y195%0,8%1,11%091+053%1,4%0,4%1,
X 55%0,14%1 y3%09 1919090919190y 09)L0%Lp09Lly5%0y19091le5%09190pleOsly
Y 09140s1,13%0,16%1,3%051,1+3%0,8%1,0,3%1,0,8%1,0,1,32%0/ ) o
ISN 0006 DATA TO2/8%0,1s1+0y19195%098%1,11%051,0519197%0919195%091+091+0y
o L X 1909190+1¢40919091905190+1+050+051909194%0,4%1,09093%1404140,8%1,
Y 20%0, 191709091 9150,093%196%09196%051909195%0,19091909190s1s091y
- 5 . Z 6%048%]1,16%0,3%1,14%0,3%1,0,8%190,1,32%0/ e
SN 6007 DATA T03/201%0,8%1,47%0/
ISN 0008 DATA TO4/11%0514197%0y191+0+051919122%0,195%0,14041,5%041,93%0/
ISN 0009 DATA TO05/8%0319148%091 91909091,1913%0,19091s1s14%¥091s091+09190»
X 19091909190919051+091+3%0515051,4%044%1909043%1,041,0,8%1,44%0, o .
Y 19091+5%051,091+091909150,1,6%0,8%1,16%0,3%1,60%0/
ISN 0010 DATA T06/256%0/ e
ISN 0011 DATA TO77256%07
ISN 0012 DATA T08/48+%0,1+195%0+1909190519091909190919091905190y1y3%0,1,0y o _
X 194%0,4%1707093%130915098%1,20%091915090919L904093%L46%0,16%0,
Y 197%091,0y140919091,8%0,8%1,16%0,3%1,60%0/
h ISN 0013 DATA T09/154%0,1,101%0/ T
__._.ISN 0014 DATA T10/256%0/ N e N -
ISN 0015 DATA T11/55%09190,19041409190515071+0915091+0s193%041,05110%0,
e o X 3%190919094%1924%091+19090519190+0,3%1,6%0,1,6%051+9%04140,41,0, A_ —
T Y 148%0,8¥1,17%0,2%1,60%07
____ISN 0016 DATA T127256%0/ L - - - - L o
TTISNT0017 DATA T13/7256%07 T
ISN 0018 DATA T14/256%0/ e
ISN 0019 DATA T15748%0, 1919y 712%091919090919190,03%16%¥0514116%0/
_____ISN 0020 DATA T16/3%041y1y42%0y19101%0+1y5%0,1,04145%0,41,92%0/ _ ) e
ISN 0021 DATA TI7/131439%0,1+5%051,57%0,14%1428%0,190,195%0,170s1+091209
B X 190y1913%0,8%1,11%045191913%0,1,1,43%0/
1SN 0022 DATA T18/256%07 -
12 ISN 0023 DATA T19/108%0y1,5%0,1y141%0/
i ISN 0024 DATA T20/1 91909131 93%09L9190slypls5%09B%¥1,11%0s148%01958%0y14%1,
10 X 14*016*110’0,175*07ly7*0,1,0,1v091'0'1115*0,8*1111*01191114*01
9
3 255
7 _
6 L. Copway !
5 :
4 Archives i
— _ ; ) _ S
2




t4
PAGE 002 €
) Y 1,43%0/ 4
ISN 0025 DATA T21/155%0,1,100%0/ S
ISN 0026 DATA T22/13190913143%0515130519195%0,8%1,11%051,67%096%1,22%0, ?
] X 3%1,5%09195%09199%09190919091s15%0,8%L,11%091,1,3%0,8%1,47%0/ ‘
ISN 0027 DATA T23/8%0419198%0519190509191513%0,1+091,1,215%0/ 8
ISN 0028 DATA T24/7201%0,8%1,5%0,8%1,34%0/ it
b ISN 0029 DATA T25746%0,1,0,1,1,72%0,141,050919140,0,10%1,0,41,43%0,8%1,63%0/ ot
ISN 0030 DATA T26/47%0,1,137%0,8%]1,8%0,8%1,5%0,8%1,34%0/ e W
ISN 0031 DATA T27/1,1,6%0,151+8%03191909091+1+232%07 z
bl ~ ISN 0032 DATA T28/3%0519196%09191y7*0y191+0,0514915230%0/
ISN 0033 DATA T29/7214%0,8%],34%0/

ISN 0034 DATA T30/05051909093%19090y1909055%198%0,11%1,09193%0,4%1,4%0,

. X oFL 03 [0y 190y 150, 1305 1309 905150, [5093%1,0,150,4%1,4%0,1,1,
Y 3%0919091,8%093%1914%093%19090915190909191,10%04140,4%1,4%0,
T R¥F] ,10%0, 5%, 29%0, 3% 1, 8%0,1y3%09198%0y 1909 32%17

ISN 0035 DATA T31/210%0,3%1,43%0/ v L o
TSN 0036 DATA T32748%0, 1,1y 72%0919190909191909093%156%0,1,116%¥07
ISN 0037 DATA T33/8%045191+98%05191505051,1,13%0,1504141,215%0/
3 7T T ISN0O3B DATA T347185%0, 8%1, 63%07 - T
ISN 0039 DATA T35/256%0/ o
TTTTISNT 0040  DATA 1356/256%07
3 ISN 0041 DATA T37/256%0/ - -
TSN 0042 DATA T387256%0/ T -
ISN 0043 DATA T39/256%0/ B
) ISN 0044 DATA T4077256%07 T T T
ISN 0045 DATA T41/292+40929243%09242+40929245%0,8%2,230%0/ o e
SN 0046 DATA T4272,230327243%032524042+295%0,8%¥2,230%0/
2 ISN 0047 DATA T43/41%0491563%0419194%0919194%09141+58%0,8%1,11%0,41,41,3%0,
X 8%¥1,0,0,1,1,43%0/
ISN 0048 DATA T44/147%091+909195%0515021+50,150,15091,492%0/ o - e
Yy 1SN 0049 DATA T45/107%0,1,5%0,1, 142%0/ T
ISN 0050 DATA T46/108%0,3%],3%0,3%1,139%0/ o N B o o
1SN 0051 DATA T41/737%0, 1,051, 1,5%0,1,209%0/
) ISN 0052 DATA T48/133%0,6%140,0,1,114%0/ L
ISN 0053 DATA T49/4T#0,14137%0,8%1,63%07 o
ISN 0054 DATA T50/256%0/
E TSN 0055 TTDATA T51/256%07 T
ISN 0056 DATA T52/256%0/ i o o
CTTTUTISNTO05T T TTDATA 1537256%6/ T -
3 ISN 0058 DATA T54/256%0/ - -
TTTTISN 0059 TDATA T557256%07 -
ISN 0060 DATA T756/55%0,290929092y0+2+09250,24190%0/ N . _
3 TSN 0061 T DATA T57755%0,230912+012+0929002+0+2+34%041415154%0/
ISN 0062 DATA T58/67%0,5150,1,041,184%0/ o
ISN 0063 DATA 159/75%0,1,0,1,118%07 o
) ISN 0064 DATA T60/88%0,1,1,4%0,1919191,1,1,93%0,3%1,60%0/
1SN 0065 DATA T61/90%0,15,165%07
ISN 0066 DATA T62/92%0,1,163%0/ _
E ) TSN 0067 DATA T63/748%0, 1y 13 12¥03 1519090315 L9090+3%1,6%0,1,116%0/
12 ISN 0068 DATA T64/82%051+1985%0,8%1,79%0/
i
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ISN 0069 DATA T65/84%0491+1960%091909155%0419091+091091,0,1,93%0/ 4
ISN 0070 DATA T66/256%0/ g
1SN 0071 DATA T67/256%0/ 4
ISN 0072 DATA T68/256%0/ ‘
ISN 0073 DATA T69/256%07 8
ISN 0074 DATA T70/256%0/ Zr
g o
C T T - (43
C UNROLLER DATA B
[
ISN 0075 DIMENSION JUNB{36), JITYPE (256) o
ISN 0076 DIMENSTON JOPCDE (6,2561, JSIDB (256}
ISN 0077 DIMENSION J1(96),J2(96)yJ3(96),J4(96)4J5(96),J6(96)J7196),J8(96),
XJGU(961 ,J10096) y J11196)9d12(96)1,J13(96),414(96),J15(96),J16(96)
ISN 0078 EQUIVALENCE (J1,JOPCDE(1l,1) )y S
X {J2,J0PCOE(T,1T) 7y
X (J3,J0PCDE(1433) ),
X T T {J4yJOPCDE(1449) )y
X (J5,J0PCDE(1,65) )y
X 1J6,J0PCDE(L,81) ),
e X {J7,JOPCDE(1,97) )y, o o
T X T T (J8,J0PCDE(T,113Y ), o
X {J9,JO0PCDE{1,129) ), - ) )
) X (J10, JOPCDE(L,1451), T
X {J114JOPCDE(Ly161)), Y A
X (J12,JOPCDE(L1,1770),
X {J13,JOPCDE(1,193)),
X (J14, JOPCDE(1,2091), ",/"
X (J15,JOPCDE(1,225)),
X {J16,JOPCDETL,2417) Tt e
ISN 0079 DATA JL/192HL X H LXx L XA V_ﬂﬂq,sﬁy‘j’ri sTx -
- A TS XA L XTC TTTUXCA L AH LA
B LAA STAH STA STAA LDH L
c /
ISN 0080 DATA J2/192HS T D H STD LATH LAT STA ]
ATH STAT L L LR STL STR
} B L MX STHMX  LMA ST MA LMS ST M .
¢S /
1SN 0081 DATA J3/192HS T M Z STMZA o o _ _ o
A MX A MATX M KL MK R ML X
B MXS M S X M S X1Z M XSO MXC  MCX
C 7/
ISN 0082 DATA J4/192HM L C MRC M xP MKP
A A ATDN AR
B ADR AU ADU S N S DN S
C 7
ISN 0083 DATA J5/192HS D R S U SDU M N M DN
A M R M D R MU MDU MM N
12 BMMU DN D DN DR D DR DMN
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C / v
ISN 0084 DATA J6/192HD M R RND S PF S NF cCVSsS S
A CVF Al S1 ¢
) B MI MM D1 DMI ACL SCL L
C 4 8
ISN 0085 DATA J7/192HA C H SCH sP1 S NI C VN s
A cVvil A X ot
BS X M X DR X D X R X AXC b
Y o} 7 ""’ aL
ISN 0086 DATA JB/192HA X K M X K DR XK D X K R X K .
A S P X S NX
8C G EN CEQN CGED CEQD CMGEN CME
TTCAON 7T -
ISN 0087 DATA J9/192HC M G ED CMEQD CG6EI CEQI CUG _
o AET CGEX CEQTYX CUGEX TGEXXK CEQXK
BCUGEXKTCEBA CBMA cBX CBMX
N z -
ISN 0088 DATA J10/192H S HA S HX SHA
! AT SHXT S HD SHDX SHDC SHDXT
B S WA S WX 1 F A I FX 1 FZ A 1 F 2
X 7 -
ISN 0089 DATA J11/192HS 1 A S I X ST AC SI1Xx¢C SI1D
T T AT STDC - T TTTTANDA
BT AFA FAFA OR A TOFA FOFA EQA
e C 7 —— A
ISN 0090 DATA J12/192HX O R A ANDX TAFX FAFX ORX
A T70F X FOFX "EQX X ORX ANDC
; BTAFC FAFC ORC TOFC FOFC EQC L
[ / '
ISN 0091 DATA J13/192HX O R C CNTT CNTAA CNTDA CNT
) TTTTRAAX T OCNTOD X T T o T B AND
————e . BBTAF BFAF  BOR BTOF BFOF B EQ .
[ /
ISN 0092 . DATA J14/192HB X O R B U EX1T EXITL EXI
ATA EXTIT TP S KAND SKTAF S KFAF S KDR
8 SKTOF S KFOF S KEQ S K XO0OR I vis NOP
- c ~ - — T .
ISN 0093 _ _DATA JI5/192HP AUSE P I SCAN_ _ SVC ___SVR____
A IcC IR
o BSIO  HI1Q0 TCH MT X MXT M7
C /
ISN 0094 DATA J16/192HM 0T T TUMA 1 TUuMP 1IDA L DA
AT L DHAAN UDHBA LDHCA " LUDHDA STDHAA
o BSTDHBASTDHCASTOHDA ) sYTo_ .
ce /
3 ISN 0095 DATA JNB/ 1A', tgr, *CH, $QU, FTES, ES, SGE, AHY, fO, 0 ge,
Tk lKl“,_ VLY, fME ANY g ape tQ"i', TR, 858, o7yt Ry
x W, 'XT, 'YV, VZU, TQF, SRe, 020, 830 040, VKR NG, 170
) * t8%, 9ty
12 ISN 0096 DATA JSIDB/1+2925194%291929291929291929192919291511%2, . S
i
[}
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)] 2 292909050919192+2910%1,250,0,0,9%1, 4
3 22%1,0,0,8%1, .
4 6%19090¢0s7%135%2,17190909096%1 ?
3 5 8%133%2,4%]1,090,0,14%1, £
6 6%1,0,0,0,23%1, 8
7 6%]13090,0,8%2,4%1,2,8%1,2,1, i
3} 8 1’1721112’171,070'():2118‘1,010'1/ Ol.
ISN 0097 DATA JITYPE/201%4,9%],4%3,8%2,33%4,12/ . e e
ISN 0098 COMMON /AREA2/ JUNB,JOPCDE.JSIDB,JITYPELJEXITF et ‘ .
) ISN 0099 . END _ 5
v oy pae i
\ e . R —— . |
) _ - o _ o R
y o o B o - ) ~
, . I
) .
, o . o L
3 I o ‘
‘!
3
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LEVEL 2 FEA_&7 0S/360 _EQRIRAN H 67.255/11.33.51 :
COMPILER OPTIONS = NAME= MAIN,OPT=00,LINECNT=50,S0URCELEBCDIC,NOLIST,DECK,LOADMARNOEDRLIT,NOLD :
ISN 0002 SUBROUTINE INIT ‘
1SN 0003 IMPLICIT INTEGER¥2(A-Z) 8
ISN N004 DIMENSION COM(300) $
ISN 0005 DIMENSION SAV(20000) ot
ISN 0006 COMMON TIME, IPAR], 1PAR2, IPAR3 s
A AINPT, NABUF, ABUS{50), XINPT, NXBUF » o
B XBUS({50), IFADD, IFDST, IFRTN, BRXP,
C BRAP, ER{8), BE(8), ET(8), NBBUF,
D AHOLDT, XHOLDTY, AFRCT, XFRCT, BOSC,
£ BNOP, XEP, AEP, PH1(100), PRINT,
E_ESTADD, NODOT , NOPSC. NDBUS » NADSP»
G NXDSP
ISN 0907 COMMON/RLS/  FIRST, NAREGS , NXREGS, NABUS ,
A NXBUS, STATS, ACON, XCON, AEMP,
B_XEMP, MXO0, AFULL(12),  XFULL{12), AGO{12),
C XGO(12), NAGO, NXGO, NATEST, NXTEST,
D _NAFAC, NXFAC, ABUSYZ, ABUSY{200), XBUSYZ,
£ XBUSY(200), ABUFF{12,100),XBUFF(12,100),ASOR{12,200),
£ _XSDR(12,200) ,ADEST {12,200) ,XDEST(12,200), ’ AFAC(12,15),
G XFAC(12,15)y AFACSC(4¢15,20),ARET, XFACSC{4415,20) 4 XRET,
H ABUSSC(4,10,20),AIBBSY(10)4XBUSSC{4+10,20),XIBBSY{10),XFIBUSI15),
I ADBUS{12,10),X0BUS(12,10),AFSLOT(15,20) ,XFSLOT(15,20)yAFIBUS(15),
J AFDLY(15),  XFDLY(15),  AFOBUS(15), XFOBUS(15}, NSLOT.
K ABUPSZ, ABUPS (2001, XBUPS{200), ABUFUL{200), XBUFUL{200),
L Qll6,16}, SDBA{32,2), NQBUF, NQTEST, NQGD,
M QINPT, QCON, QEMP, MBUSY , MFREE,
N_LOAD, MEMDLY, MEMORY(16), NBOX, EAV,
0 MXTIME, OUTLVL, IQ(4,16), RTN, LONGBR,
P _SR(8), ST(8), SKXP, SKAP, NSBUF,
0 APASS{200), XPASS{200), OUT(2), J081(6), SSTOP,
R MEMCNT(161, ABOX{15), ABXBSY{10), XBOX(15), XBXBSY(10)
ISN 0008 COMMON/RLS/  LAST
ISN 0009 INTEGER 0UTY
ISN 0010 REAL MEMDLY,MXT IME
ISN 0011 REAL TIME
ISN 0012 COMMON /CALNDR/ ISL, ITL, LINK(200),
A CTIME{200), NEVENT(200), KOLL1{200), KOL2{200),  KOL3(200)
ISN 0913 REAL CTIME
ISN 0014 REAL X
ISN 0015 INTEGER 1
ISN 0016 COMMON/TAGS/ D256, 70}
ISN 0017 EQUIVALENCE(COM(1) 4 TIME) ,(X,CTIME(1))
ISN 0018 EQUIVALENCE({SAV(1),FIRST)
C
C
C ZERO ALL COMMON
12 ISN 0019 DO 520 1=1,300
n ISN n020 520 COM(1)=0
10 ISN 1921 DO 525 1=1,20000
9
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ISN 0022 525 SAV(I)=0 v
ISN 0023 526 CONTINUE :
¢ .
@ INITIALIZE THE CALENDAR 8
ISN 0024 DO 92 ITL=2,199 s
ISN 0025 92 LINK(ITL)=1TL+1 ot
ISN 0026 ISL=2 i
ISN 0027 ITL=1 o
ISN 0028 X=1,0E30
ISN 0029 TIME=0.0
C
C
C INITIALIZE THE EVENT NUMBERS
ISN 09039 STATS=1
ISN 0031 MX0=2
ISN 0032 ACON=3
ISN 0033 XCNON=4
ISN 0034 AEMP=5
ISN 0935 XEMP=6
ISN 0036 ARET=7 -
ISN 0037 XRET=8 a
ISN 0138 EAV=9
ISN 0039 QCON=10
ISN 0040 QEMP=11
ISN 0041 MBUSY=12
ISN 0042 MFREE=13
ISN 0043 LOAD=14
ISN 0D44 RTN=15
[ B _
[3
[ SET UP STARTING EVENTS |
ISN 0045 CALL CAUSE(STATS,TIME+0.0,0,0,0) ¢
ISN 0046 CALL CAUSE( ACON,TIME+0.1,0,0,0)
ISN N047 CALL CAUSE{ XCON,TIME+0.1,0,0,0) :
ISN 0048 CALL CAUSE( QCON,TIME+0.1,0,0,0)
ISN 0049 CALL CAUSF( MXO ,TIME+0.6,0,0,0)
C
c
C INITIALIZE THE MACHINE PARAMETERS
1SN 0050 BEXP=1
ISN 1951 3RAP=1
ISN 9052 SKXP=1
ISN 0053 SKAP=1
ISN 0054 NAREGS=90
ISN 0055 NXREGS=90
ISN 0056 AINPT=1
ISN 0057 QINPT=1
ISN 0058 XINPT=1
12 ISN 0059 DO 50 I=1,32
1R}
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ISN 0060 ABUPSI{I)=1 v
ISN 0061 50 XBUPS(I1=0 s
ISN 0062 DO 51 1=33,89 M
ISN 0063 ABUPS(1}=0 £
ISN 0064 51 XBUPS(I)=1 8
ISN 0065 NSLOT=15 hd
c INITIALIZE AFAC TABLES o
ISN 0066 NABUS=6 L
ISN 0067 NAFAC=10 ¢
ISN 0068 DD 10 I=1,10
ISN 0069 10 AFSLOT([,3)=1
ISN_0070 NDE_9 J=4,9
ISN 0071 9 AFSLOT(4,J)=1
ISN 0072 AFSLOT(654)=1
ISN N073 N0 8 J=4412
ISN 0074 8 AFSLOT(7,d)=1
ISN 0075 AFDLY(1)=3
ISN 0076 AEDLY{2) =4
ISN 0077 AFDLY{3)=3
ISN 0078 AFDLY(4)=9
ISN 0079 AFDLY(5)=2
ISN 2080 AFDLY(6)=5
ISN 0nal AFDLY(7)=15
ISN NN8g2 AFDLY{(8)=1
1SN 0083 AFDLY(9}=1
ISN 0084 AFDLYL10)=1
ISN 0085 AFIBUS(1)=2
ISN 0086 AFIBUS(2)=1
ISN 0087 AFIBUS(3)=3
ISN 0088 AFIBUS(4)=1
ISN 0089 AFIBUS(5)=1
ISN 9090 AFIBUS(6)=2
ISN NO9%1 AFIBUS(7)=2
ISN 0092 AFISUS(8)=1
1SN 0093 AFIBUS(9)=2
ISN 0094 AFIBUS(1N)=3
ISN 0n95 AFDBUS(1)=2
ISN 0095 AEDNBUS(2)=1
ISN 0097 AFNBUST3)=4
ISN NNg8 AFORUS{4)=3
ISN 0099 AFNBUS(5)=2
ISN 0100 AFOBUS (6)=4
ISN 0191 AFOBUS(7) =4
ISN 0102 AFORUSIB)=6
ISN 0103 AFOBUS (9)=1
ISN 0104 AFOBUS(10)=3
ISN 0105 ABOX(1)=1
ISN 0106 ABOX(2)=2
ISN 0107 ABOX(3)=3
2 ISN 0108 ABOX (4)=4
11
10
9 -
8 AL
7
6 L. Conway
: Aictives |
3
2




s’

S’

I4
PAGE 004 £
ISN 0109 ABOX(5)=2 v
ISN 0110 ABDX(6)=4 s
ISN 0111 ABOX(7)=4 9
ISN 0112 ABOX(8)=5 L
ISN 0113 ABOX(9)=6 8
ISN 0114 ABOX(1C)=7 s :
C INITIALIZE XFAC TABLES Ob i
ISN 9115 NXBJS=10 i
ISN N116 NXFAC=9 4
ISN 0117 N0 11 I1=1,9
ISN 0118 11 XFSLOT(1,2)=1
ISN 0119 XFSLOT(5,3)=1
ISN 0120 N0 12 1=3,9
ISN Nn121 12 XFSLOT(6,1) =1
ISN 0122 XFOLY{1)=1
ISN 0123 XFOLY(2)=1
ISN 0124 XFOLY(3)=1
ISN 0125 XFDLY(4)=1
ISN 0126 XFDLY(5) =4
ISN 0127 XFDLY{6)=8
1SN 0128 XFDLY(7)=1 -
ISN 0129 XFDLY(R)=1
ISN 9139 XFDLY{9)=1
ISN 0131 XFOBUS(1)=5
ISN 0132 XFOBUS{2)1=6
ISN 0133 XFOBUS(3)=1
ISN 0134 XFNBUS{4)=3
ISN 0135 XFOBUS(51=2
ISN N136 XFOBUS(6)=2
ISN 0137 XFOBUS{T)=7
ISN 0138 XFNBUS(8)=10
ISN 0139 XFORUS(I)=8
ISN 0149 XBOX{1)=1
ISN 0141 XBOX{2)=2
ISN 0142 XBAX(3)=3 ;
ISN 0143 XBOX(4)=4
ISN 0144 XBOX{5)=5
ISN 0145 XBOX(6)=5
ISN 0146 XBAX{7)=6
ISN N147 X8OX(8)=7
ISN 0148 XBOX(9)=8
ISN D149 NAFAC=11
ISN 0159 NABYUS=T
ISN 0151 AFOLY(11)=1 Th:f_fﬁ_:b__uhg_ﬂﬁl_q
ISN 0152 AFIBUSILL)=1
ISN 0153 AFOBUS(11)=7
ISN 0154 ABOX(11)=8
ISN 0155 AFSLOT(11,3)=1
ISN 0156 D{39,1)=1
12 ISN 0157 D(39,2)=1 \}
11
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9 .
’ 2673 |
. L. Conway -
5 Aichives
4
3
2




§

14
PAGE_QQ8 :
ISN 0158 DU39,11)=1 $ ;
ISN 0159 D(39,13)=1 c
ISN 0160 D(39,17)=1 l ;
ISN Dl61 D(39,30)=0 £
ISN 0162 D(39,32)=! :
ISN 0163 DI39,66)=1 2.
ISN 0164 RETURN 9}
ISN 0165 END i
12
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LEVEL » DEC 66 _

DATE

¥S/360 FORTRAN H DATE  67.191/03.47.48

COMPITER OPTIONS = NAME=s

MAINGUPT=02 LINECNT=50,SQURCELEBCDIC,NOL ISTLDECK,LOADMAP,NOEDIT,L,NDID

ISN. 0002 SUBROUTINE XACON
ISN 0003 IMPLICIT INTEGER%2({A-Z)
. ISN 0004 ~ CLMMON TIME, IPAR], IPAR2, IPAR3,
A AINPT, NABUF , ABUS(50), XINPT, NXBUF R
B XB8US(50), 1FALD, IFDST, IFRIN, BRXP, t '
C BRAP, Er(€), BE(8), ET(8), N3BUF, ¢l
o o U AHGLOT, XHULDT, AFRCT, XERCT, BUSC, e
£ oNOP, XEP, AcP, PH1{100), PRINT,
o - _F ESTADD, MUDUT, NOPSC , NUBUS, NADSP, o )
G MXDSP
ISN 005 CUMAUN/RLS / FIKST, NAREGS, NXREGS, NABUS
A MXAUS, STATS, ACON, XCON, AEME,
o B v XEP, MXD AFULL(12), XFULL{12), ASL(12),
C XGU(12), NAGU NXGO NATEST, NXTEST,
U NAFAC, NXFAC, ABUSYZ, ABUSY(200), X3USYZ,
E ABUSY{200), ABUFF{12,100),XBUFF(12,100),ASOR(12,200),
F XSTR(12,200)yACEST(12,200) yXDEST{12,200), AFAC(12,15),
G XFACU12415), AFACSC(4415420)yARET, XFACSC(4,15,20) 4 XRET,
H O ABUSSCl4,10,20) yAIBESY(L0) ) X3USSC4510,20) , XIBBSY(10) ,XFIBUSIL5), _
U AUDUSEL2y10) 9 XUBUS(12910) yAFSLIIT(15,20) 3, XFSLOT(15,20) yAFIBUS(15),
J OAFILY(LS), XFULY (15), AFUSUS(15), XFOBUS(15), N3LGT,
K ASUPSZ, AFUPST200), XRUPS(200), ABUFUL(200), X3UFUL(200},
L w{l6y10n), SDRAL32,2)s  HNOBUF, NATEST, NG,
M GINPT, QCON, QEMP, MBUSY, MFREE ,
N LUAL, MEMDLY, MEMORY(16), N3OX, EAV,
U ~XTIME, JdTLVL, 1004, 160, RTN, LUNGBR,
FOSHAY) , ST(8), SKXP, SKAP, NSBUF,
w APASS{Z200),  XPASS{200), DUT(2), Jos{e), S3TRP,
RorendNT (160, ABOX{15), AcXBSY(10), XBOX{15), X3X3SY{(10)
IS 9906 ot /RS / LAST
155 907 IRTEGER OUT
IS 0908 JTAENSTIN SOKSGSY(200),DESBSY(200) :
It GOU9 At AL MEACLY,MXTIrE :
I50 001D <EAL TINk {
IS5 0J11 Calt, CAUSE(ACN,TIME+]1 vU,0,0,0) i
I>y 1012 CaLlL CAUSE(AEAR 3y TIME+0.T7404504)
ISt owal3d Cabb CAUSElAreT, TIME+0.8,0,0,9) _ - S
ISy 0ol4 :
ISY Uulh vt =d o
IsN 0016 h 8L 1= enAslE
1SN 0017 1 acGiI)=n
L- - — — — — - IF SKIP TAKEN,NOP ALL STARRED UPS UP TQ 1ST EXEC SKIP - —
IS8 0018 W 30 I=1,MALUF - ) o
SN 0Ul19 COIF(ABUFE(T, 13).EW.0) GO TO 79 N T
1S 0021 IF(ABUFF(Ly 9).En.0) GO TC 34 N
ISt 0023 IF(ABUFF(I,I1).EQ.0) GO TC 84
12 ISN 0025 79 CONTINUE
n ISM 0026 IF(ABUFF({I,11).Eu.0) GC TO 8O
10 Isil 0028 LIF(ABUFF(E,9).EQ.0) 6O TO 8O
Q
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1SN 0030 DO 81 K=1,NAREGS 4
ISN 0031 ASOR(1,K)=0 s
ISN 0032 81 ADEST{I,K)=0 ?
ISN 0033 DU 82 K=1,NAFAC ‘
ISN 0034 AFACIT4K)=0 8
1SN 0035 82 AQBUS(I,K)=0 s
ISN 0036 ABUFF(1,2)=0 o
ISN 0037 DO 83 K=9,15 i
1SN 0033 83 ABUFF(I,K)=0 Iz
15i¥_0039 30 CONTINUE
ISN 0040 84 CONTINUE
C ____________________________________
C THIS EVENT SCANS ABUFF FUR INST WHICH CAN GO
C SCAN FOR NAGO OUT OF NATEST
Ish 0041 D 10 RFG=1,NAREGS
Ish 0042 SCRBSY(REG) =0
ISN 0043 10 DESBSY(REG)I=ABUSY(REG)
ISN 0044 DU 100 INS=1,NATEST
1SN 0045 IF(AFULL(INS).EQ.0) GO TO 100
ISt Q047 IF(INS.EQ.1) GO TG 21
ISk 0049 DU 11 REG=1,NAREGS
Isiv 0950 SCRBSY(REG)=SURBSY(REG) +ASOR(INS—1,REG)
[S% 0051 11 NESBSY(REG)=DESHSY(REG)+ADEST(INS~1,REG)
~ISK 0052 INSML=TInNS—1
ISN 0053 DG 20 I=1,INSAHL .
C PREV EXIT INTLKS ALL CODE BELOW
1SN 0054 IF{ABUFF(1I,14).€9.1) GO TO 100
C PREV SKIP INTLKS ALL STARRED CODE BELOW
[ AND ALL SKIPS BELOw
IS UdSs IF(ABUFF(I1,13).£4.0) GG TO 20 )
ISV 0053 [F{(ABUFF(INS,13).EQ.1).0R. (ABUFF({INS,9).EQ.11} GO TO 100
1SN 9069 20 CUNTINUE
IS5 0041 21 CUNTINUE
C IF EXIT,INTLK AGAINST ER
ISh D062 IF(ABUFF(INS,14).NEL1) GO TO 28
ISN 0064 IFLER(BRAP) WNELL) GO TQ 100
C EXIT PART UF CP GOES, MARK GO EXIT.
[Sh QuUss ALUFF(INS,15)=1
IS 0067 28 ConTiNUY
[Sh Uud3 D22 ReG=1,NAREGS o
[3N QUh9I TFA{ASCRUINS Y REG) o EWW1) 2 ANDL (DESBSY(REG) .NELD)) GO TU 100
IsN 0d71 IF{{ADESTUINS REG) ot ol ) o ANUL {SURBSY(REG)NELQ)) GO TU 100
TSN 0073 1F (REGLEN.89) Gu 10 22
ISN 0075 IFL{ADESTUINSYREG) £ 1) 2 AND (DESBSY{REG) .NE.O)) GO TO 100
ISN 0077 22 CUNTINUE
C FIND FAU USED
ISN 0073 DU 25 FAC=1,NAFAC
ISN 0079 It (AFAC{INS,FAC).NE.O) GO TO 26
ISN 0081 25 CONTINUE
12 C NO FAC USED. ISSUE 0P
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ISN 0082 FAC=0 4
ISN_0083 26 CONTINUE i
[ TEST FOR SPECIAL OPS HERE — — = — = = = = = = = — —= = ¢
ISN 0084 SPEC=0 ¢
C IF STORE A, TEST AVAIL OF INBUS (STORE BUS) &
e IF AVAIL, SET BUSY. IF NOT, GO 7O 100 s
ISN 0085 IF(ADEST{INS,89).NE.1) GO TO 27 ol
ISN 0087 SPEC=1 !
C PREV NOGU STORE INTLKS ¢
ISN 0088 IF(INS.EQ.1) GO TG 18
I[SN 0090 D0 16 I=1,INSM]
ISN 0u91l ) IF((ADEST(1,89).EQ.1).AND.(AGDO(I).ER.Q)) GO TO 100
ISN 0093 16 CONTINUE
ISN 0094 18 CONTINUE
ISN 0095 IF(AIBBSY(3).tQ.1) GO TO 17
ISN 0097 AI38SY(3)=1
ISN 0098 STORE=1
ISN 0099 GO TO 27
SN 0100 17 IF{STORE.NE.1) GU T0 100
ISN 0102 STORE=2
ISN 0103 27 CONTINUF
C IF SKIP,INTLK AGAINST PREV NOGO STARRED 0OPS,SHT RESOLVED.
ISN 010% [F(ABUFF(INS,13).NE.L) GO TO 132
ISN 0106 IF{SKR{SKAP) NE.1) GG TO 100 N
ISN 0103 [F(INS.EQ.1) GO TG 131
ISN 0110 U0 130 I=1, INSM1
ISN O11l IF((ABUFF(1,9).EQ.1).AND.(AGO(I).NE.1}) GO TO 100
ISN 0113 130 CUNTINUE
ISN OLl4 131 SPEC=1
ISN 0115 132 CONTINUE
(’ ——————————————————————————————————
¢ IF NORMAL OR SPEC GP AND NGO =NAGO, DO NOT ISSUE
C IF REPLACE UR NOP, CAN ISSUE ANYWAY.
ISN Olle [F{((FACJNE.O) +UR.(SPEC.NE.O)) .AND.{NGO.EQ.NAGO)) GO TO 100
; C IF N0 FACS USED GO DIRECYLY TO 95
ISN 0113 IF{FAC.EQ.0) GU TG 95
C IF MULT IOENT FAC, GO TOU SPEC HANDLING
1Sn 01290 IF(AFAC(INS,FAC).GT.1) GO TQ 49
C ‘ CHECK INBUS,FAC SLOT,0UTBUS INTLKS
ISN 0122 INJUS=AFISUS{FAC)
Isv 0123 [FCAIBBSYUINBUS).Ew.1) GO Tu 100
ISy 0125 BOX=ABOX(FAC)
1SN 0126 IFCABXBSY(BUX) . EV.1) GO TO 100
ISN 0128 DU 30 T=1,NSLOT
ISN 0123 IF{(AFSLOT{FAC,T).EQ.1).AND.(AFACSC{1,FAC,T).EQ.1)) GO TO 100
ISN 0131 30 CuNTINUE
ISN 0132 OBUS=AFABUS (FaC)
ISN 0133 DELAY=AFDLY(FAC)
ISN 0134 IF((ADBUS(INS,0RUS).NE.O).AND. (ABUSSC(1,0BUS,DELAY) .NE.O))
2 X GO TO 100
11
10
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" ISN 0136 IF{{ADBUS{INS,O0BUS+1) .NE.O).AND.{ABUSSC{1,0BUS+1,DELAY)}.NE.O).AND. 4
X {{0BUS+1).LE.NABUS)) GO TO 100 s
C SUCCESS. MARK GO AND SET SHIFT CELLS ?
ISN 0138 31 CONTINUE £
ISN 0139 AIBBSY(INBUS)=1 8
ISN 0140 ABXBSY{(B80OX)=1 6
ISN 0141 ABUFF1=ABUFF{INS,1) ot
ISN 0142 DO 32 T=1,NSLOT !
ISN 0143 IF(AFSLOT(FAC,T).EQ.0) GO TO 32
ISN 0145 AFACSC(LyFAC,T)=1
ISN 0l46 AFACSC{24,FAC,T)=ABUFF1
ISN 0147 32 CONTINUE o
ISN 0148 ABUSSC(1,0BUS,DELAY)=A0BUS{ INS,0BUS)
ISN 0149 ABUSSCI2,UBUSyDELAY )=ABUFF{INS,1)
IS 0150 ABUSSC(3,0BUSyDELAY)=ABUFF{INS,2)
ISN 0151 TF(AUBUSCINS,UBUS+1).EQ.0) GO TO 95
IS 0153 IF({0OBUS+1).GT.NABUS) GO TO 95
ISN Q155 ABUSSC(1,0BUS+1 4DELAY)=ACBUS(INS,0BUS+1)
ISN 0156 ABUSSC{2,0BUS+]1 DELAY)=ABUFF{INS,1)}
ISN 0157 ABUSSC(3,0B8US+1,4DELAY)=ABUFF{INS,42)
ISN 0158 GO TO 95
C SPEC ROUTINE TO HANDLE MULT IDENT FAC INTLK
ISN 0159 49 CUNTINUE
ISN 0160 IN3US=AFIBUS(FAC)
ISN 0161 IF(AIBBSYLINBUS).FQ.1) GO TC 60
ISN 0163 BOX=ABOX(FAC)
ISN 0164 IF(ABXBSY{BOX).EW.1) GO TO 60
ISN Q166 DG 50 T=1,NSLOT
ISN 0167 IF{CAFSLOT(FAC)T) e EQa1) AND.(AFACSC(1,FAC,T).EQ.1)) GO TO 60
ISN 0169 50 CUNTINUE _
ISN 0170 OBbUS=AFQBUS(FAC)
ISN 0171 DELAY=AFDLY(FAC)
ISn 0172 LF{CANBUSIINS,08US) o NEL0)AND.(ABUSSC(1,0BUSyDELAY) .NELO) )
X Gy T 50
C SUCCESS
ISN Q174 DU 51 BUS=1,NABUS
ISN 0175 51 IF{3US.NE.UBUS) AUBUS{INS,BUS)=0
ISN 0177 Gu TO 31
ISN 0173 60 CONTINUE
. ISN 0179 FAC=FAC+]
ISN 01830 . Ir C{FAC.GT.NAFAC) JORL(AFAC(INS,FAC).LELL)) GO T 100
ISN 0182 SU TO 49
ISN 0133 95 CONTINUE
ISN 0184 AGU(INS)=1
C IF 0P USeS NO FACILITIES, AND IS NOT SPECIAL 3P THEN IT
C IS A REPLACE 0P, AND GUES WITHOUT INCREMENTING NGO.
ISN 0185 IF{(FAC.NEWO).ORe{SPECNE.O)) NGO=NGO+1
ISn 0187 100 CUNTINUE
C = = = = = = = = = - = EXIT EXECUTION — = = = = = = = = = = = = = = =~ =
12 C CHECK FOR NOGO EXITS TO SET AHOLDT
M
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9
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ISN 0183 AHOLDT=0 ’
ISN 0189 DO 200 I=1,NABUF s
ISN 0190 IF((ABUFF(1414).EQ.1).AND.(ABUFF(I,15).NE.1}) AHOLDT=1 ¢
ISN 0192 200 CONTINUE ‘
C CHECK FOR GO EXIT,ET 8
ISN 0193 AFRCT=0 s
S DD 201 I=1,NABUF o
IF(ABUFF(I,15).NEL1) GO TO 201 t
{F(ABUFF(1,414).NE.1) GO TO 201 ey
. B ABUFF(1,14)=0 e
ABUFF{I,15)=0
___IsNn 0201 IF(ABUFF(I,10).EQ.1) GU TO 202 e
ISN 0203 201 CONTINUE
ISN 0204 GO TO 300
C FOUND GO EXIT,ET. NOP AND MARK GO ALL CODE BENEATH IT.
S ALSC SET AFRCT.
ISN 0205 202 AFRCT=1
ISN 0206 IF(1.EQ.NABUF) GO TO 300
ISN 0208 I=1+1
ISN 0209 D0 203 J=1,NABUF
ISN 0210 AGO(JI=1
ISN 0211 DG 204 K=1,NAREGS
ISN 0212 ASCR(J,K)=0
ISN 0213 204 ABEST(J,K)=0 B
ISN 0214 DO 205 K=1,10
ISN 0215 205 AUBUS(J,K)=0
ISN 0216 ABUFF(1,2)=0
ISN 0217 D0 206 K=9,15
ISN 0218 206 ABUFF(J,K)1=0
ISN 0219 DU 207 K=1,NAFAC
SN 0220 AFAC(J,K1=0
[sn 0221 207 CUNTINUE
ISk 0222 203 CUNTINUZ
ISy 0223 300 CUNTINUE
C —_ e e = e e e e e am e e e e e e e e em e e am ew m e = e e = e e - . = -
(- - — - - — - IF SKIP NOT TAKEN,REMOVE FLAGS FROM ALL 0OPS THRU 1ST SKIP
ISN 0224 DC 35 I=1,NABUF
1Siv 0225 [F (ADUFF(I,11).Eu.0) ABUFF(1,9)=0
1S 0227 If(ABUFF(I1,13).E5.1) GO TG 36
IS 0229 35 CUNTINUE
ISk 0220 36 CunTINUE
C._ — = e e e e e e o em e e am e em wm e e e e e e o am em em am e e e - —
ISN 0231 RE TURN -
ISN 0232 END
12
1A
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DATE

YS/360 FORTRAN H

DATE

67.191/03.49.45

COMPILER OPTIONS — NAME=

MAIN,OPT=02,1 INFCNT=50,SOURCELERCOTIC4NOLIST,DECK L OAD MAPLNOEDIT,NOID

o @~ v w|m o~

ISN 0002 SUBROUTINE XAEMP
ISN 0003 IMPLICIY INTEGER%*2(A-Z)
ISN 0004 COMMON TIME, IPAR], IPAR2, 1PAR3,
A AINPT, NABUF, ABUS(50), XINPT, NXBUF, o
B XBUS(5U), I1FADD, 1FDST, IFRTN, BRXP, U
C BRAP, ER(8), BE(8), ET(8), NBBUF, a
D AHOLDT, XHOLDT, AFRCT, XFRCT, BOSC,
E BNOP, XEP, AEP, PH1(100), PRINT,
F FSTADD, NODOT, NOPSC, NDBUS, NADSP, —
G NXDSP
ISk 0005 COMMON/RLS/ FIRST, NAREGS, NXREGS, NABUS,
A NX:LUS, STATS’ ACON, XCUN, AEMP'
B XEMP, MXU AFULL{L12), XFULL(12), AGO(12),
C XGN(12), NAGOD NXGO, NATEST, NXTEST,
D NAFAC, NXFAC, ABUSYZ, ABUSY(200), XBUSYZ,
E XBUSY(200), ABUFF(12,100)XBUFF(124100),ASOR(12,200),
F _XSOR(124200),APEST(124200) oXDEST{12,200), AFACI(12,15),
G XFAC(12415)y AFACSC(4415,20),ARET, XFACSC(4415420) 9 XRET,
H ABUSSC(4,10,20),AIBESY{10) ,XBUSSC{4,10,20) yXIBESY{10),XFIBUS{15),
I AOBUS(12,1Q),XUBUS{12,10),AFSLOT{15,20)yXFSLOT(15,20),AFIBUS(15),
J AFDLY(15), XEDLY(15), AFOBUS(15), XFOBUS{15), NSLOT,
K ABUPSZ, ABUPS{2001}, XBUPS{2001}, ABUFUL(200), XBUFUL{200},
L @{ié6yl6), SUBA(32,2)s NQBUF, NQTEST, NQAGO,
M QINPT, QCON, QEMP, MBUSY, MFREE,
N LOAD, MEMDLY, MEMORY {16}y NBOX, EAV,
0 MXTIME, OQUTLVL » I10(4,16}, RTN, LONGBR,
P SR(8), ST{81}, SKXP, SKAP, NSBUF,
W APASS(200), XPASS(200), 0OUT(2), JOBLS), ssTap,
R OMEMUNT(16), ABUX(15), ABXBSY(1Q), XBOX(15), XB8XBSY{10}
ISy 0006 COMMON/RLS/ LAST
ISN 0907 INTEGER CGUT
1SN 0008 COMMON/TAGS/D(256,70)
ISN V009 REAL MEADLY,MXTINE
IsN 0Vl10 REAL TIME
ISm 0011 DU 100 INS=1,NACUF
ISn 0012 IF{AGO(INS).EQ.0) GU TO 100
IS 00l4 I (AFJLLCINS)YLEQLO) GO TO 100
ISSUE INS
——————— TEST FOF SPECIAL UPS HERE — — = = = = = = = = =~ - = =
IF STCRE Ay, SHIP DATA TU BUFFER OR & DUP ON BUFFER STATE
{SN 0015 ITF{ADEST(INS8%).0E.1) GO TO 7
ISH 0013 [F{SDBALIL,2).EQ.1) GO TO 2
o NU STA WAITING. SET DATA IN SDBA
ISN 0029 DO 3 [I=1,32
1SN 0021 IF{SDBA(I,1).EQ.1) GG TO 3
ISN 0023 SDBA(I,1)=1
12 ISN 0024 GO 7O 7
n ISN 0025 CUNTINUE
10 ISN 0026 A=1
?
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ISN 0027 B=20000 4
ISN 0028 C=104 s
ISN 0029 CALL TROUBL(A,B,C) 7k
ISN 0030 GO T0 7 ‘
C STA WAITING. DATA TO Q, SHIFT SDBA 8
ISN 0031 2 CONTINUE s
ISN 0032 DO 4 I=1,31 ot
ISn 0033 SDBA(I,1)=SDBA(I+1,1) t
ISN 0034 4 SDBA(I,2)=SDBA(I+1,2) ¢t
1SN 0035 SDBA(32,1)=0
ISN 0036 SDBA(32,2)=0
ISN 0037 DO 50 1I=1,NQBUF
1SN 0033 1F{Q(IT1,3).NEL1) GO TO 50
1SN 00490 IF(QLII,4).NEL1) GO TO 50
ISN 0042 IF(QlI1,9).EQ.1) GO TO 50
ISN 0044 QtIl,9)=1
ISN 0045 GU TO 7
ISN 0046 50 CONTINUE
ISN 0047 A=1
ISN 0048 B=20000
I[SN 0049 C=103
1SN 0050 CALL TROUBL{A,B,C)
1S+ 0051 7 CONTINUE
C 1SSUE SKIP-RESET SRy INCR SKIP POINTER -
ISN 0052 IF{ABUFF(INS,13).NE.1) GO TO 60
1SN 0054 STUSKAP) =0
ISN 0055 SR{SKAP)=0
ISN 0056 SKAP=SKAP+1
1SN 0057 IF(SKAP.GT.NSBUF) SKAP=1
ISN 0059 60 CUNTINUE
C __________________________________
154 0060 UP = ABUFF{INS,2)
13N O0ol REBL=0(0P,33)
C FIRST SET BUSY VECTOR
I[53 0062 DU 10 REG=1,NAREGS
C 1S REG A DEST
ISN 0053 TF{ADEST{INS,REGI.NE.L) GO 70 10
C IGNCRE STORAGE AS DEST
1S 0065 [F{REG.EQ.8G) GO TC 10
C DCES ARFEL HAVE AN ABUREG
[Siv 0067 TF(ASUPS(REGY JNFL1) GO TO 9
C CAN THIS 0P DO BACK-UP TO FRONT MOVE.
C 1.E.,15 THIS A REPLACE CR A TO X MOVE OP.
15 0069 [F(REPL.EW.O) GU TO 9
C 1S ABUREG FULL
ISN 0071 [F (ABUFUL{REG)«NE.1) GO TO 99
ISN 0073 ABUFUL (REG)=0
ISN 0074 X6USY(REG)=0
ISN 0075 GO 710 10
12 ISN 0076 99 APASS({REG)=ABUFF({INS,1)
11
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ISN 0077 9 ABUSY(REG)=ABUFF(INS,1) 4
ISN 0078 10 CONTINUE i
C REMOVE INS FROM BUFF 4
ISN_0079 AINPT=AINPT-1 ‘
ISN 0080 M=NABUF-1 8
ISN 0081 IFLINS.EQ.NABUF) GO TO 31 s
ISN 0083 DO 30 [=INS,M ot
ISN 0084 AGO(I)=AGO(I+1) !
ISN 0085 AFULL{D)=AFULL(I+1) o
ISN 00386 DO 25 J=1,25
ISN 0087 25 ABUFF(1,J)=ABUFF(I+1,J)
ISN 0088 DO 26 J=1,NAREGS _
ISt 0083 ASOR (T, 4)=ASCR{I+1,J)
ISN_ 0090 20 ADEST(1,J)=ADEST(I+1,J)
ISM 0V91 D0 27 FAC=1,NAFAC
ISN 0092 21 AFAC{I,FAC)=AFAC(1+1,FAC)
ISM 0093 DO 28 BUS=1,NABUS
ISN 0094 28 AOBUS{I,BUS)=ADBUS(I+1,BUS)
ISN 0095 30 CUNTINUE
ISN_0096 31 CUNTINUE
ISN 0097 AGGINABUF)=0
ISn 0093 AFULL(NABUF) =0
ISN 0099 DO 125 J=1,25
ISN 0100 125 ABUFF{NABUF,J)=0
ISN 0101 DU 126 J=1,NAREGS
ISh Vlu2 ASOR (NABUF 4 J)=0
ISN 0103 126 ADEST(MABUF,J)=0
ISN 0104 D0 127 FAC=1,NAFAC
ISN 0105 127 AFAC(NABUF,FAC)=0
ISN 0106 DO 128 BUS=1,NABUS
ISN 0107 1286 AUBUS{NABUF,BUS)I=0
ISN 0108 GU TO 5
ISN 0109 100 CONTINUE
ISN 0110 RE TURN
ISN 0111 END
12
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LEVEL 5 DEC 66

COMPILER OPTIONS - NAME=

} ISN 0002 .SUBROUTINE XARET i e
ISN 0003 IMPLICTT INTEGER*2(A-1) O R
ISN 0004 “'COMMON. " TIMEs IPARL, "IPAR 2 IPAR3,
i A AINPT, NABUF, ABUS{50), . . XINPT; NXBUF,
B XBUS({50), IFADD, IFDST, IFRTN, BRXP,
C BRAP, ER(8), BE(8), ET(8), NBBUF,
D AHOLDT,  XHOLDT, AFRCT, XFRCT, BOSC,
E ‘BNOP, XEP, AEP, PH1{ 100}, PRINT,
F FSTADD, NODOT, NOPSC, NDBUS, NADSP,
G NXDSP
ISN 0005 COMMON/RLS/  FIRST, NAREGS » NXREGS » NABUS,
A NXBUS, STATS, ACON XCON, AEMP,
B XEMP, MXO, AFULLI12),  XFULL{12), AGD{12),
CXGOITI2Y, " NAGO, NXGO, "NATEST, NXTEST,
D NAFAC, NXFAC, ABUSYZ ABUSY(200), XBUSYZ,
) E XBUSY{200)s  ABUFF{12,100) 4XBUFF{12,100),AS0R(12,200),
F XSOR(12,200),ADEST{12,200)XDEST(12,200}, AFAC(12,415),
G XFAC(12,15), AFACSC(4,15520),ARET, XFACSC(4415,20),XRET,
H ABUSSC{4,10,20) ,AIBBSY{10) 4XBUSSC{4410,20),XIBBSY{10),XFIBUS(15),
1 AOBUS(LZ2,10), XOBUS(12,10) ,AFSLOT (15,200 XFSLOT(15,20) yAFIBUS{15),
J AFDLYU15),  XFDLY(15), AFOBUS(15), XFOBUS{15)s NSLOT,
) K ABUPSZ, ABUPS{200), XBUPS{200), ABUFUL(200), XBUFUL{200),
L QU164,16), SDBA(32,2), NQBUF, NQTEST, NQGO,
M QINPT, QCON, QEMP, MBUSY, MFREE,
) N LOAD, MEMDLY, MEMORY (16)s NBOX, EAV,
O MXTIME, oUTLVL, 1Q14,16), RTN, LONGBR,
P SR8}, ST8), SKXP SKAP, NSBUF,
) Q APASS(200)s, XPASS(200), OUT(2), JOB{6), SSTOP,
R MEMCNT(16), ABOX{(15), ABXBSY (10}, XBOX{15), XBXBSY(10)
ISN 0006 COMMON/RLS/ LAST
ISN 0007 INTEGER OUT
ISN 0008 REAL MEMDLY,MXTIME
ISN 0009 REAL TIME
3 c USES OBUS SHIFT CELLS TO BUS TO DESTINATIONS
(% PERFORMS ANY EXEC ACTIVITY ASSOC WITH RETURN
C FIRST RESET THE WAITING VECTOR
ISN 0010 DU 10 B8US=1,NABUS
ISN 0011 DEST=ABUSSC(1,BUS,1)
C IF DEST NOT XBU GO HANDLE NORMALLY
3 ISN 0012 IF{XBUPS(DEST).NE.1) GO TO 9
c DEST IS XBU. SEE IF CORRESP XREG IS BUSY
C IF SO, RETURN DEST TO IT. ELSE SET XBU BUSY.
) ISN 0014 IF(XPA§S(DEST).NE.O) GO T0O 8
ISN 0016 XBUFUL (DEST) =1
, . ISN 0017 GO T0: 10
) ISN 0018 8 XBUSYLDESTI=0
ISN 0019 XPASS{DEST)=0
ISN 0020 9 ABUSY(DEST)=0
H ISN 0021 10 CONTINUE
, 27773
L.Coany!
Archives

.|

: ; , DATE  67.138/0041
MAIN,OPT=02,L INECNT=50, SOURCE yEBCDIC yNOLI ST ,DECK,LOAD sMAP sNOEDI T4 NDID




PLACE ANY EXEC ACTIVITY HERE -
SHIFTS THE SHIFT CELLS
ISN 0022 00 99 I=1,10

3 .. ABXBSY (1)=0 " ,
9 ATBBSY(II=0" " ETTE ,f T
SLOTML=NSLOT~1 S
D ‘D0 101 J=15310"
DO 100 SLOT=1,SLOTML
) ABUSSC(1s4,SLOT)I=ABUSSC(1yJoSLOT+1)
ISN 0029 oy ABUSSC 2 J o SLOT ) =ABUSSC (24 J,SLOT+1) .
ISN 0030 U TABUSSC U3, SLOT Y =ABUSSC (3, dySLOTH#1)
) ISN 0031 100 CONTINUE -
2 ISN 0032 ABUSSC(1+J,NSLOT)=0 |
ISN 0033 ABUSSC(2,JsNSLOT)=0
ISN 0034 ABUSSC(3+JsNSLOT)=0
ISN 0035 101 CONTINWE
ISN 0036 DO 103 J=1.NAFAC
ISN 0037 DO 102 SLOT=1,SLOTML
3 ISN 0038 AFACSCUL4J¢SLOT}=AFACSC{14sJySLOT+1)
ISN 0039 AFACSC(24J5SLOT)=AFACSC(2,J,SLOT+1)
) ISN 0040 102 CONTINUE j
3 ISN 0041 AFACSC(14J,NSLOT)=0
ISN 0042 AFACSC(2vJ»NSLOT)=0
ISN 0043 103 CONTINUE
2 ISN 0044 RETURN
ISN 0045 END
32
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" DATE  67.,227/15.59.11
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Z
NOID £
J 14
ISN 0002 SUBROUTINE DECBUS S|
T 1SN 0003 TMPLICIT INTEGER*2(A-Z) 4
3 ISN 0004 COMMON TIME, IPARL, IPAR2, 1PAR3, L
A AINPT, NABUF, ABUS(507, XINPT, NXBUF, 8
B XBUS(50), - IFADD, {FDST, 1FRTN, BRXP k
3 C BRAP, ER(3), BE(8), ET(87, NB8BUF, oL
D _AHOLDT, XHOLDT, AFRCT, XFRCT 80OSC, u
E BNOP, XEP, AEP, PH1{100), PRINT, e
- F FSTADD, NODOT, NOPSC, NDBUS, NADSP,
G NXDSP
ISN 0005 COMMON/RLS/  FIRST, NAREGS y NXREGS, NABUS
D) A NXBUS, STATS, ACON, XCONy AEMP,
B XEMP, MXO AFULL{12), XFULL{12), AGOD(12),
C X6o(12), NAGU, NXGO, NATEST, NXTEST,
D NAFAC, NXFAC, ABUSYZ, ABUSY(200), XBUSYZ,
E XBUSY(200), ABUFF(12,100),XBUFF(12,100),ASOR(12,200),
F XSOR(12,200) yADEST{12,200) 4XDEST{12,200), AFAC(12415),
D G XFAC(LI2415)y AFACSC{4+15520) 4ARET, XFACSC(4+15520) 4 XRET,
H ABUSSC(4410,20),AIBBSY{10)yXBUSSC(4,10,20),XIBBSY{(10) ,XFIBUS(15),
T ADBUS(12,10),X0BUS(12910),AFSLOT(15920)XFSLOT(15420)AFIBUS(15),
) J AFDLY(15),  XFDLY{15), AFDBUS{(15), XFOBUS{15), NSLOT,
. K ABUPSZ, ABUPS(200), XBUPS(200), ABUFUL(200), XBUFUL{200),
L Qll6416), SDBA(3242)s NQBUF, NQTEST, NQGO,
) M QINPT, QCON,y QEMP, MBUSY, MFREE,
N LOAD, MEMDLY, MEMORY{16)s NBOX, EAV,
0 MXTIME, OUTLVL » 1Q(4,16), RTNy LONGBR,
a3 P SR(8), ST(8), SKXP, SKAP, NSBUF,
Q APASS{200), XPASS{200), QUT(2), JOB(6), SSTOP,
R MEMCNT(16), ABOX{15), ABXBSY{10}, XBOX{15), X8XBSY{10)
D TSN 0006 COMMON/RLS/  LAST
ISN 0007 INTEGER CUT
ISN 0008 COMMON/TAGS/D{256,70C)
33 ISN 0009 REAL MEMDLY ,MXTIME !
) ISN 0010 REAL TIME ;
C
3 C
C
ISN 0011 ENTRY BUSTOA
. o MOVE OP FROM ABUS TO ABUFF(AINPT)
ISN 0012 DU 10 1=1,25
ISN 0013 10 ABUFF{AINPT,1)=ABUS{1)
] ISN 0014 AFULLTATNPTI=1
C PERFORM COMPLETE OP DECODE HERE
C FIRST DECCDE SOURCE—DEST INTERLOCK TAGS
32 ISN 0015 I=AINPT
~ ISN 0016 UP=ABUFF(1,2)
ISN 0017 11=ABUFF(14+3)
S ISN 0018 TJ=ABUFF{I,4]}
12 1SN 0019 IK=ABUFF{1,5)
1
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C TEST VALID OP TAG 10 SEE IF OP VALID z
"ISN 0020 IF{D{0OP,30) .EQ.0) GO TO 11 L}
C INVALID OP. ISSUE ERROR MESSAGE, INCR AINPT, Y
C AND RETURN THUS MAKING OP INTO NOP. S
ISN 0022 WRITE(6,998) 9
ISN 0023 WRITE(6,999) OP,ABUS(1) 3
ISN 0024 WRITE(6,998) 8
ISN 0025 AINPT=AINPT+1 i
ISN 0026 RETURN C
1SN 0027 11 CONTINUE i
C el
C SET A(I) SOURCE i
ISN 0028 IF(D(OP, 4).EQ.1) ASOR{I,1I+1)=1
o
C SET A(I) DEST
ISN 0030 IF(D(OPy 5).EQ.1)ADEST(I,11+1)=1
C
C SET A(I+1) SOURCE
1SN 0032 IF(D(0OP, 6).EQ.1) ASOR(IsMOD(II+1s32)+1)=1
C
C SET A(I+1) DEST
ISN 0034 IF(D(OP, 7).EQ.1)ADEST(I,MOD(II+1,32)+1)=1
C
C SET A(J) SOURCE
ISN 0036 TF(DI0OP, B).EQ.1) ASCR{I,IJ+1)=1
[o
C SET A(J) DEST
ISN 0038 IF(DIOP, 9).EQ.1)ADESTUI,IJ+1)=1
C
[ SET AlJ+1) SOURCE
ISN 0040 IF(D(0OP,10) .EQ.1) ASOR{I,MOD(IJ+1,32)+1)=1
C
C SET A(K) SOURCE
ISN 0042 IF(D(OP,y11).EQ.1) ASOR{I,IK+1)=1
C
C SET A{K+1) SOURCE
ISN 0044 IF(D(0OP,12) .EQ.1) ASOR{I,MOD(IK+1,32)+1)=1
C
C SET XB(1) DEST
ISN 0046 IF(D(OP,13) .EQ.1) ADEST(I,1I+33)=1
C
C SET XB(J) DEST ,
1SN 00438 IF{D(OP,14) .EQ.1) ADEST(I,1J+33)=1 :
C 0
C SET CB(1) DEST ?
ISN 0050 IFID{OP,15) .EQ.1) ADEST(I,11+65}=1 ;
[ SET STORAGE DEST
ISN 0052 IF{DI0P,28) .EQ.1) ADEST(I,89)=1
C
C REMOVE ANY SOURCE-DEST TAGS ON A(0),XBU(O)
12
n
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ISN 0054 ASOR(I,1)=0 z
ISN 0055 ADEST(I,1)=0 €
ISN 0056 ASUR(I433)=0 4
ISN 0057 ADEST(1,33)=0 S
C SET FACILITY USE TAGS, BUS DEST TAGS 9
1SN 0058 DO 20 FAC=1,NAFAC <
ISN 0059 AFAC({IFAC)=D(0OP,FAC+55) 8
ISN 0060 IF(AFAC{I,FAC).EQ.0) GO TO 20 6
TSN 0062 aBUS=AFOBUST{FAC) 0
ISN 0063 DO 25 DEST=1,NAREGS t:
ISN 0064 TFUADEST(IsDEST).NE.C) GO TO 26 o
ISN 0066 25 CONTINUE
ISN 0067 GO TO 20
ISN 0068 26 ADOBUS(1,0BUS)=DEST
C CHECK FOR DOUBLE DEST. IF SO, PLACE ON ADJ.
ISN 0069 DESTPL1=DEST+1
ISN 0070 IF{DESTPL.GT.NAREGS) GO TO 20
ISN 0072 DG 27 DEST2=DESTP1,NAREGS
TSN 0073 TFUADEST(T,DEST2).NE.O)Y GO TO 28
ISN 0075 27 CONTINUE ’
ISN 0076 GO TO 20
ISN 0077 28 AOBUSI{I1,0BUS+1)=DEST2
ISN 0078 20 CONTINUE
C INCREMENT AINPT
ISN 0079 AINPT=AINPT+1
ISN 0080 RETURN
C
C
C
ISN 0081 ENTRY BUSTOX
C MOVE OP FROM XBUS TO XBUFF{XINPT)
ISN 0082 DO 110 1=1,25
ISN 0083 110 XBUFF(XINPT,I)=XBUS(1)
ISN 0084 XFULL{XINPT )=1
C PERFORM COMPLETE OP DECODE HERE
C FIRST DECODE SOURCE-DEST INTERLOCK TAGS
ISN 0085 I=XINPT
ISN 0086 OP=XBUFF (1,2} !
ISN 0087 IT=XBUFFI{1,3)
ISN 0088 1J=XBUFF{1+4)
ISN 0089 1K=XBUFF{I,5)
C TEST VALID 0P TAG TO SEE IF OP VALID :
ISN 0090 1F(D{OP,30).EQ.Q) GO TO 111
C INVALID UP. ISSUE ERROR MESSAGE, INCR XINPT, H
[% AND RETURN THUS MAKING OP INTO NOP.
ISN 0092 WRITE(6,998) :
ISN 0093 WRITE(6,999) OP,XBUS(1)
ISN 0094 WRITE(6,998)
ISN 0095 XINPT=XINPT+1
ISN 0096 RETURN
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ISN 0097 111 CONTINUE z
C €
T SET X{I) SOURCE v
1SN 0098 IF{D(0P,16) .EQ.1) XSOR{I,1I+33)=1 s
[ 9
c SET X{I) DEST ¢
ISN 0100 [F(D(OP,17).EQ. 1) XDEST(I,11+33)=1 8
C 6
C SET X(I+1) SDURCE oL
ISN 0102 IF{D(DP,18) .EQ.1) XSOR{I,MOD{1I+1,32)+33)=1 u
C Z1
C SET X{I+1) DEST
ISN 0104 IF(D(0OP,19) .EQ. L) XDEST(I,MOD(II+1,321+33)1=1
o
C SET X(J) SODURCE
ISN 0106 IF(DLOP,20) .EQ.1) XSOR{I,1J+33)=1
C
C SET X(J) DEST
ISN 0108 IF{D(0OP,21) .EQ.1)XDEST(I,1J+33)=1
C
C SET X(K) SOURCE
ISN 0110 IF(D(DP,22) .EQ.1) XSOR{I,IK+33)=1
C
[ SET AB(I) DEST
ISN 0112 IF(D(0P,23) EQ.1)XDEST(I,TI+1)=1
C
C SET C(I) SOURCE
ISN 0114 IF{DIOP,24) sEQ.1) XSOR{(I,II+65)=1
C
C SET ClI) DEST
ISN 0116 IF(D(0P,25) .EQ. L) XDEST(I,11+65)=1
C
C SET C{J) SOURCE
ISN 0118 1F{DI0OP,26) .EQ.1) XSOR{1,[J+65)=1
C
C SET C{K) SOURCE
ISN 0120 IF(D(DP,3%) .EQ.1) XSOR(I,IK+65)=1
C N
C SET STORAGE SOURCE
ISN 0122 IF(D(OP,27) .EQ.1) XSOR{I,89)=1
C
C SET STOGRAGE DEST
ISN 0124 IF(D(0OP,28) LEQ.1)XDEST(1,891=1
C REMOVE ANY SOURCE-DEST TAGS ON X{(0),ABU{0)
ISN 0126 XSOR(1,10=0
ISN 0127 XDEST(I,1)=0
ISN 0128 XSORIT1,331=0
ISN 0129 XDEST(I,33)=0
C - - -- --+- SPECIAL DECODE FOR BRANCH OPS — = = — = = = = = = = = =
C PLACE ND FACILITY IF K FIELD = O FOR BRANCH OP
12
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ISN 0130 TF((XBUFF(1,12) .EQ.1).AND.{IK.EQ.03) GO 10O 121
c __________________________________
(o SET FACILITY USE TAGS, BUS DEST TAGS
ISN 0132 DO 120 FAC=1,NXFAC
ISN 0133 XFAC(1I,FAC)=D{(0OP,FAC+40)
ISN 0134 IF(XFAC(I,FAC).EQ.0) GO TO 120
ISN 0136 0OBUS=XFOBUS({FAC)
ISN 0137 DO 125 DEST=1,NXREGS
ISN 0138 TF(XDEST{T,DESTT.NE.O) GO TO 126
ISN 0140 125 CONTINUE
ISN 0141 GO TO 120
ISN 0142 126 XOBUS(I,0BUS)=DEST
C CHECK FOR DOUBLE DEST. IF SO, PLACE ON ADJ BUS
ISN 0143 DESTP1=DEST+1
TSN 0144 TF{DESTPI.GT.NXREGST GO TO 120
ISN 0146 DO 127 DEST2=DESTP1,NXREGS
TSN 0147 TF(XDESTI(T,DEST2).NE.O) GO 10 128
ISN 0149 127 CONTINUE
1SN 0150 GO TQ 120
ISN 0151 128 X0OBUS{I,0BUS+1)=DEST2
ISN 0152 120 CONTINUE
ISN 0153 121 CONTINUE
C TNCREMENT XINPT
ISN 0154 XINPT=XINPT+1
ISN 0155 RETURN
ISN 0156 998 FURMAT(1H )
ISN 0157 999 FORMAT{21H ERROR - - - OP TYPE ,13,14H, INSTRUCTION ,Al,
X 53Hy IS NOT HANDLED BY THE SIMULATOR - - — = - = = = = =~ ) i
ISN 0158 END
12
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T LEVEL 2 FEB &7 087360 FORTRAN H DATE 67.265719.31.21 9
L
COMPILER OPTIDNS - NAME= MAIN,0P7=02,LINECNT=50,SOURCE,EBCDIC,NOLIST,DECK,L0OAD,MAP,NOEDIT,NOID 8
6
TSN 0002 SUBROUTINE JSTARTIENDRUNY o
ISN 0003 IMPLICIT INTEGER*2(A-Z) 1
TSN 000% COMMON TINE, TPARY, TPARZ, TPAR3, [
A AINPT, NABUF, ABUS(50), XINPT, NXBUF,
BXBUST507, TFADD, TFDST, TFRTN, BRXP,
C BRAP, ER{8), BE(8), ET(8), NBBUF,
D AHOLDT,  XHAOLDTY,  AFRCTy — ~ ~XFRCT, BOSC,
E BNOP, XEP, AEP, PH1(100), PRINT,
F FSTADD, NODUOT, NOPSC, NDBUS, NADSP,
G NXDSP
TSN 0005 COMMON/RLS7 FIRST, “NAREGS, NXREGS), NABUS,
A NXBUS, STATS, ACON, XCON,y AEMP,
B XEMPy MXOy AFULL(I2Y,  XFOULL{I2), AGOTI2),
C XG0(12), NAGO, NXGO, NATEST, NXTEST,
D NAFAC, NXFAC, ABUSYZ, ABUSY12007), XBUSYZ,
E XBUSY(200), ABUFF(124100),XBUFF{12,100),AS0OR{12,200),
FXSORTTI2,200V,ADEST{1I29200¥ . XUESTI12,200), AFACTIZ» 157,
G XFAC(12415)y AFACSC(4415420)9ARET, XFACSC{4415420) 4 XRET,
H ABUSSC{4,10,20),AIBBSYII0) . XBUSSCTl4,5, 10,20 ) XIBBSYU 10V XFIBUSTIS)
I AOBUS(12,10),X0BUS112,10),AFSLOT(15420),XFSLOT(154,20),AFIBUS(15),
J AFDLYUIST, XFOLYUISY, —AFOBUS{IS), XFUBUSUIS), NSLUT,
K ABUPSZ, ABUPS{200), XBUPS{200), ABUFUL{200), XBUFUL{200),
C Qt16,15), SDBAT32,2Y, NUBUF, NQTEST, NQGOD,
M QINPT, QCON, QEMP, MBUSY, MFREE,
N LOAD, MEMDLY, MEMORY(16), NBUX, EAV,
O MXTIME, OUTLVL, 1Qt 4,161, RTN, LONGBR,
PSRBT, STUBT, SKXPy SKAPS NSBUF,
Q APASS(200), XPASS{200)s OUT(2), JOB(6), SSsToP,
R MEMCNTI(I®), ABOXTIS), ABXBSY{10J}, XBOX{IS), XBXBSY(10)
ISN 0006 COMMON/RLS/ LAST
ISN 0007 INTEGER OUT
ISN 0008 REAL MEMDLY,MXTIME
ISN 0009 REAL TIME
ISN 0010 DIMENSION AREPT({10),XREPT(10)
ISN 0011 INTEGER*2 ENDRUN
[ READ PARAM CARD FOR J0OB
ISN 0012 READ(5, 100, END=IO0T(IOBIT), I=1+67,
W NABUF y NATEST 9y NAGO yNXBUF yNXTEST s NXGO»
X NUBUF, NQTES Ty NQGU, NBOX, NBBUF, NSBUF; NOUOT , NOPSC, NDBUS,NADSPNXUSPS
Y MXTIME,MEMDLY,OUTLVL,FSTADD
I'SN 0013 PRINT=0UTLVL
ISN 0014 ENDRUN=0
C WRITE NEW JOB HEADER
12 ISN 0015 WRITE(6,202)
" ISNO001% WRITE(S,;,200)
10 ISN 0017 WRITE(6,4300)
9 TSN 0018 WRITETS, 200Y)
8 ISN 0019 2 X)-O WRITE(6,200)
7 TSN_QO2Q WRTITET6,200) (JOBTT),1=1,6)
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ISN 0021 WRITE(6,201)
TSN 0022 CALL TATUTOUTIIN)
ISN 0023 WRITE(643333) DUT(1),0UT(2)
TSN 0024 WRITET(6,200) ol
ISN 0025 WRITE(6,200) L
TSN 0026 WRITE(6,500) 2l
ISN 0027 WRITE (6,200)
ISN 0028 WRITE(6,600) NABUF,NXBUF,NQBUF
ISN 0029 WRITE(6,201)
ISN 0030 WRITEU(6,700) NATEST,NXTEST,NQTEST
ISN 0031 HR!TE(b.ZOlD
)0) NAGD, NXGO, NQGD
ISN 0033 walrE(6.201)
SN 0034 WRITE(G,900) MEMDLY
ISN 0035 WRITE(6,201)
TSN 0036 WRITEUG,901I) NBUOX
ISN 0037 WRITE(6,5201)
T~ ISN 0038 WRITET6,910Y NBBUF,NSBUF,.NODOT
ISN 0039 WRITE(64201)
TSN 0040 WRITE(6,920) NOPSC
ISN 0041 WRITE(6,201)
TSN 0042 WRITEU6, 9307 NDBUS
ISN 0043 WRITE(6,201)
TSN 004% ’ )
ISN 0045 WRITE{6,200)
TSN 0046 WRITE(6,2007
ISN 0047 WRITE(6,1000)
TSN 0048 WRITELG,201]

c

CALC REP TIMES

T ISN U009 DO 20 I=I,NAFAC
ISN 0050
T ISNO0ST T DO 20 JSI,NSLOT
ISN 0052 20
T ISN D053 T WRITEU(G6,I00IY(AREPTI(I),I=1,NAFAC]

AREPT(I)=0

AREPTII)=AREPT{I)+AFSLOT(I,J)

ISN 0054 WRITE(6,1002)(AFDLY{I)yI=1,NAFAC)
TSN 0055 WRITETE, TOU3J TAFTBUS(T T, I=I, NAFAC)
ISN 0056 WRITE(6,1005) (ABOX(I),1=1,NAFAC)
ISN 0057 WRITE(6,1004YTAFDOBUST{I ), I=1,NAFAC)
ISN 0058 WRITE{64200)
ISN 0059 WRITE(SH,2007)
ISN 0050 WRITE(6,2000)
C CALU REP TIMES
ISN 0061 DO 30 I=14NXFAC
ISN 0087 XREPTITI =0
ISN 0063 DD 30 J=1,NSLOT
T TSN O05% JU XREPTULI=XREPIVTIIFXFOLUT U1 o J])
2 ISN 0065 WRITE(6,1001 ) {XREPT(L) 4 I=1,NXFAC)
TSN 0056 WRITE(S,, IOUZTUXFOLYU I T IE1 s NXFAUT
10 ISN 0067 WRITE(6,1005){XBOX(1),I=1,NXFAC)
9 TSN 0U&3 WRITEUS, ICOFYUXFOBUSTT )y [=1,NXFAT)
TS
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ISN 0069 WRITE(64202) £
~  ISN 0070 —  CALL UNROLL 8
ISN 0071 RETURN 6
—  ISNO00T7TZ 10 CONTINUE ot
ISN 0073 ENDRUN=1 i
ISN 007% RETURN a1
ISN 0075 100 FORMATIO6AL 92X o1 TI291TX9FTelelXyF4.1+1X12,1X15)
ISN 0076 10T FORMATUIHI, 6AT1)
ISN 0077 200 FORMAT(1HO)
T ISN 0078 20T FORMAT(IH )
ISN 0079 202 FORMAT{1H1)
T ISN 0080 300 FORMATIIZOH = = = = = = = = = = = = = = = = = = = = ACS=1 WMPN S
XIMULATION PROGRAM ~ < = = = = = = = = = = = = = = = = = = = = = )
= »b6A1)
ISN 0082 500 FORMAT{38H MACHINE PARAMETERS FOR THIS RUN - - ~-)
TSN 0083 T 600 FORMAT(22H NUMBER OF A BUFFERS =,12y 5X»2IHNUMBER UOF X BUFFERS =,
X 12y 5Xs21HNUMBER OF Q BUFFERS =,12)
=y ’ D) ER X UPS TESTED =, .
X 12y 5X921HNUMBER Q OPS TESTED =,12)
TSN 0085 BUU FORMATUZ22H MAX A UPS ISS/CYULE =712, 5XZIHAMAX X OPS ISS7CYLLE =,
X I2y 5X,21HMAX Q OPS ISS/CYCLE =,12)
T ISNU0085 900 FORMATIZZA MINTMUM Q—NMEM DELAY =,F4.17
ISN 0087 901 FORMAT(22H NUMBER OF BOMS =y12)
=elly 0 OF SKIP REGS =,
X 12y 5X921HSIZE OF DO TABLE =,12)
ISN 0089 920 FORMAT(2ZH NUMBER OF PSU REGS =,12)
ISN 0090 930 FORMAT{(22H NUMBER DISP BUSES =412}
ISN 0091 950 FORMATIZ2ZH MAX A OPS DSP7CYCLE =,125 S5X+2IHMAX X OPS DSP7CYCLE =,
X 12)
T ISN 0092 000 FORMATUG6H A FACILITIES — — FAI FAZ  FM FD TR ™ 1D C
X L S)

ISN U093 1001 FORMATUI6H REP TINE

= 2 I513X1277] |
ISN 0094 1002 FDRMAT{16H DELAY TIME = 215(3X12}) B
ISN 0095 1003 FORMAT{IG6H INBUS = 2« I513X12Z27T)
ISN 0096 1004 FORMAT(16H 0OUTBUS = 2 151(3X12))
T ISN 0097 TOO0S FORMATTISBH BUX = s ID(3XTZT)
ISN 0098 2000 FORMAT{66H X FACILITIES — — EAl EA2 L S M D XA [
X Y4 H
ISN 0099 3333 FORMAT({19H TIME/DATE OF RUN =,2(1XZ8))
ISN U100 END
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z
LEVEL 5 DEC 66 DATE _YS/360 FORTRAN H DATE  67.144/09.18.12 £
v
COMPILER QPTIONS — NAME= MAIN,0PT=02,LINECNT=50,SOURCE,EBCDIC,NOLIST DECK,LDAD,MAP,NOEDIT,NOID z
ISN 0002 SUBROUTINE XQCON ‘
ISN 0003 IMPLICIT INTEGER®2(A-1) 8
ISN 0004 COMMON TIME, 1PARL, 1PAR2, IPAR3, s
A AINPT, NABUF, ABUS{50) XINPT, NXBUF, 0
B8 XBUS(50), IFADD, IFDST, IFRTN, BRXP, 1
C BRAP, ER(8), BE(8), ET(8), NBBUF, Z‘
D_AHOLDT, XHGLDT, AFRCT, XFRCT, BOSC,
E BNUP, XEP, AEP, PH1(100), PRINT,
F_FSTADD, NODOT, NOPSC, NDBUS , NADSP,
G NXDSP
ISN 0005 COMMON/RLS/ _ FIRST, NAREGS, NXREGS y NABUS,
A NXBUS, STATS, ACON, XCON AEMP,
B XEMP, MXGy AFULL(12), XFULL(12), AGO{(12),
C XGO(12), NAGO, NXGOy NATEST, NXTEST,
D NAFAC, NXFAC, ABUSYZ, ABUSY(200), XBUSYZ,
E XBUSY(200), ABUFF(12,100),XBUFF(12,100),ASOR(124200),
F XSOR{12,200) yADEST(12,200) ;XDEST{12,200), AFACL12,15),
G XFAC(12415)y AFACSC(4+15420) sARET, XFACSC(4415,20),XRET,
H ABUSSC(4,10,20) yAIBBSY(10) yXBUSSC(4,10,20),XIBBSY(10),XFIBUS(15),
I AOBUS(12,10),X0BUS(12,10) ,AFSLOT(15,20) 4XFSLOT(15,20) ,AFIBUS(15),
J AFDLY(15), XEDLY(15), AFDBUS(15), XFOBUS(15), NSLOT,
K ABUPSZ, ABUPS(200), XBUPS(200), ABUFUL(200), XBUFUL({200),
L Q(16,16), SDBA(32,2), NQBUF, NQTEST, NQGG,
M QINPT, QCON, QEMP, MBUSY, MFREE
N LOAD, MEMDLY, MEMORY(16), NBOX, EAV,
0 MXTIME, OUTLVL, 1Q(44+16), RTN, LONGBR,
P SR{8), ST(8), SKXPy SKAP, NSBUF ,
Q APASS(200), XPASS(200), OUT(2), JOB(6), SsToP,
R_MEMCNT(l6), ABOX(15), ABXBSY(10), XBOX{15), XBXBSY(10)
ISN 0006 COMMON/RLS/  LAST
ISN 0007 INTEGER OUT
ISN 0008 REAL MEMDLY,MXTIME
1SN 0009 REAL TIME -
C ALGORITHM...LOADS CUT OF ORDER WITH BOM INTLK.
C. STURES IN DRDER.
ISN 0010 CALL CAUSE{(GCON,TIME+1.0,0,0,0)
_ CISN 0011 CALL CAUSE(QEMP,TIME+0.8,0,0,0) B .
ISN 0012 NGO=0
ISN 0013 DO 1 1=1,NQBUF
ISN 0014 1 Q{1,16)=0
ISN 0015 DO 100 INS=1,NQTEST
ISN 0016 IF(Q(INS,8).EQ.0) GO TQ 100
ISN 0018 IF(INS-EQ.1) G0 T0 11
ISN 0020 INSM1=INS-1
ISN 0021 DO 10 I=1,INSM1
C IF PREV GO INS TO SAME BOM, NOGO
12 ISN 0022 IF((Q{I1+6)-EQ.QEINS,6))AND.{Q{1,16).EQ.1)) GO TO 100
n C 1F PREV INS 10 SAME WGRD, NOGO
10 ISN 0024 IF(Q(I,7).EQ.Q(INS,7)) GO TO 100
9
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C IF STORE AND PREV NGGO STORE, NOGO
ISN 0026 IF(Q{INSy3).NE.1) GO TO 10 .
ISN 0028 IF((Q(I,3).EQ.1) .AND.{Q(1,16).EQ.0))} GO TO 100
ISN 0030 10 CONTINUE
[ IF STORE AND DATA NOT AVAIL, NOGO
ISN 0031 11 IF{{QUINSy3).EQel) .AND.(Q(INS,9).EQ.Q)) GG TO 100 B
C MARK GO
ISN 0033 Q{INS,16)=1
ISN 0034 NGC=NGO+1
ISN 0035 IFINGO.GT.NQGO) GO TO 101
ISN 0037 100 CONTINUE
ISN 0038 101 CONTINUE
C TEST INS FETCH REQ FOR ISSUANCE
ISN 0039 DO 200 1i=1,4
ISN 0040 IF(IQ(II+1).EQ.0)G0 TO 200
C COMPARE BOM REQD AGAINST GO DATA REQSTS
ISN 0042 DO 150 ID=1,NQBUF
ISN 0043 IF(LIQIIT+6)EQ. QUIDy6))AND.( Q{IDy16).EQ.1)) GO TO 200
ISN 0045 150 CONTINUE
C MARK INS FETCH REQ GO
ISN 0046 IQUII,16)=1
ISN 0047 200 CONTINUE
ISN 0048 RETURN
ISN 004S END
12
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IPAR3,

A v i NXBUFy..
8 xau5(5on. IFADD, IFDST, IFRTN, BRXPy
C BRAP, ER(8), BE(8), ET(8), NBBUF 5
D _AHOLDT, XHOLDT AFRCT, _XFRCT, _ BOSC,
EBNOP, . UXEP, T TAEP,” PHI€100), ™ "PRINT,
: ‘F FSTADD» 'NODOT, NOPSC, NDBUS, NADSP
\ N 6. NXDSP Gemr Lo ,
ISN 0005 COMMON/RLS/  FIRST, NAREGS o NXREGS NABUS,
A NXBUS, STATS, ACON, XCON, AEMP,
XEMP, MXO, AFULLL12), XFULL(12),  AGO(12),
cf&cﬂrfﬁfﬁ@w 'NAGOS TNXGOS T TUNATEST, . 'NXTEST,
“NAFACYy 7 NXFAC' BUSYZy . ABUSY(200),  XBUSYZs
. E XBUSY(200)s . ABUFF(12 Lnox.xaussclz.xoos,ksuatxz.zoot,
F XSOR{12+200) yADEST(12,200)sXDEST(12,200), AFAC(12,15),
G XFAC(12+15), AFACSC(4515,20),ARET, XFACSC{4415520) yXRET,
o _H ABUSSC(4410,20)sAIBBSY(10)4XBUSSC(4910,20), XIBBSY(10) (XFIBUS(15),
s P ADBUSTLI 2,10 s XOBUSTI 210V AFSLOT (15,20 ) s XFSLOT (15,20 sAFIBUS(15),
"3 AFDLYUIS5), 7 XFOULY{15)s = AFOBUS(15), ~XFOBUS{15),  NSLOT,
© K ABUPSZy: i - ABUPS(200), XBUPS{200),  ABUFUL{2001}, XBUFUL{200),
L QU16,16), SDBA(32,2)» NQBUF, NQTEST, NQGO,
M QINPT: ocon. QEMP, MBUSY, MFREE,
o N MEMDLY, MEMORY (16), NBOX, EAV,
M “ﬁ”ﬁifiﬁﬁ;‘?’ %”ﬁﬁfin”wm”““"fﬁtéolb). CCTRING T LONGBRy ™
z P SR(8); STL{8), : SKAP; NSBUF s
' Q APASS(200), : XPASS(200)ys , JOBU6)s SSTOP,
R MEMCNT{(16)» ABOX{15), ABXBSY(10), XBOX(15), XBXBSY{10)
ISN 0006 COMMON/RLS/  LAST
N ISN 0007 L INTEGER OUT -
1SN 0608 TREAL MEMDLY  MXTIME 70 o0
CISN 0009 CCREAL TIME: 50
ISN 0010 . - DIMENSION CODE(12)
ISN 0011 DATA CODE/1HLls1H2,1H31H4y1HS5,1H6y LHT 5 LHBy 1H9y 1HA, 1HB » 1HC/
c
o
e “FSSUE GO DATA® REQ "
ISN 0012 /D0 100 INS=1sNQBUF
ISN:G0L3 v = = 5 IFLQUINS,»16).EQe0) GO TO xoo
ISN 0015 IF{G(INS,8 ).EQ.0) GO TO 100
C ISSUE INS TO MEMORY
ISN 0017 BOM=Q(INS,6)
ISN0018 DEST=ACINSG 15)
. ISN 0019 A=QUINSy4)
~ISN 0020
ISN 0021 L=Q(INS,1)
ISN 0022 MEMCNT (BOM)=MEMCNT(BOM) +1
ISN 0023 CALL CAUSE(MBUSY,TIME+MEMDLY-3.0,B0M,L,0)




@

3 E ExTIME+MEMDL [+ BOMx040
IF LDAD, CAUSE DEST LOAD IN MEMDLY CYCLES
ISN 0025 IF(QUINSs2)+EQe1)CALL CAUSE(LOAD, TIME+MEMDLY=1.0,DESTyAsX)
a REMOVE INS FROM QUEUE
D 5 E BUF)
DO 30 I=INS.M
ISN 0032 DO 30 J=1,16
D ISN 0033 QUI,J)=Q(I+1,J)
ISN 0034 - CONTINUE" fii
1SN 0035 31 CONTINUE A
D ISN 0036 - T Do 32 J=1616
ISN 0037 QINGBUF,J)=0
ISN 0038 32 CONTINUE
O ISN 0039 .60 10 .5
ISN 0040 100 CONTINUE 0
C ISSUE GO INS FETCH REQ TEST , i
ISN 0041 DO 200 [I=1,4
ISN 0042 IF{IQUII,1).EQ.0) GO TO 200
ISN 0044 rF(Ithx.Le) EQ.0Y6O TG 200 “
e FeCi ISSUE REQ
ISN 0046 = 0 BOH-IQ(II.&)
ISN 0047 DEST=IG(II,15)
ISN 0048 - L=IQ(II,1)
ISN 0049 ., MEMCNT (BOM)=MEMCNT (BOM) +1
ISN' 0050 T CALL CAUSETMBUSY s TIMEF*MEMDLY=3.0,B0M,L,0F 7
ISN 0051 , CALL CAUSEUMFREE o TIME+MEMDLY—2.1,B0M, 0,0} ; :
: C “ ZERG POSN IN IQ : = <
ISN 0052 DG 150 I=1,16
ISN 0053 150 IQUII,1)=0
¢ , ) IF LAST OF 4 INS FETCH REQSTS, CAUSE RTN
TSN 0054 & B0 160 IR G T T T I T e e e e
ISN 0055 - IFUIQ{I,1).NE.O) GO TO 200
ESN 0057 = 160° CONTINUE . .~
ISN 0058 CALL CAUSEIRTN,TIME+MEMDLY~-1.04DEST,0,0)
ISN 0059 200 CONTINUE
C
c : ’ 3
(% FILL-1Q IF EMPTY AND INS REQ PRESENT ON INTERFACE , 5 a1
c FIRST TEST IF 1Q EMPTY : ‘ i s G

D0 250 1I=1l+4
IF(IQ(II,1).NE.O) GO TO 400
250 CDNTINUE

“TEST IF REQ PRESENT: ;
IF(IFDST.EQ.0):60 T0 400, : '
V CFILL IQ S oy

BOM MOD(IFADD,NBOX)*I
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ISN.006

pO 300 k=1

1 el & | RN i
ISN 0068 ' 1Q(II+1)=CODE(IFDST) .
ISN 0069 i ¥QUII,6)=BOM+II-1
_ISN 0070 > 1QUI1,7)=1FADD i .
THESNTOOTL T T T TIQU I ISy =EDS Y .
ISN 0072 .. 300 CONTINUE . Bl :
: C i imitels TERGINTERFACE : o G
ISN 0073 IFADD=0
ISN 0074 1FDST=0
ISN 0G75 400 CONTINUE )
ISN 0076 S URETURNDTT w
ISN 0077 END
. H
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" COMPILER OPTIONS — NAME=

ISN.
ISN'
ISN

0002
0003
0004

oo W

\/}

o/

ISN 0005

W

(W)

ISN
ISN
ISN
ISN

0006
0007
ggos
0C09

0C1¢
0011
0012
0013
0014

ISN
1SN
ISN
ISN
ISN

GCl5
0016
0017
0018
0019

ISN
ISN
ISN
ISN
1SN

ISN
ISN
ISN

0020
0021
0022
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X OTUOZERFARCRIOTMOODD cumrﬁc:ruuz>

IMPLICTT INTEGER$2(A-Z}"

MAIN,OPT

SUBROUTINE SRQ

IPAR1,

_COMMON| - TIMEy,

AINPTs " NABUF, ABUS(50)
XBUS(50) s 1FADD, IFDST,
BRAP, ER(8), BE(8),
AHOLDT, _ XHOLDT,  AFRCT,
'BNOP’ XEP, ‘ AEP,
"FSTADD, NODOT, NOPSC,
NXDSP

COMMON/RLS/  FIRST, NAREGS
NXBUS s STATS, ACON,
XEMP,  MXO, AFULL(12),
X6O(12)s ~  NAGD, NXGOs
NAFAC, NXFAC, ABUSYZ,
XBUSY(200) ¢

XFAC(12415)y AFACSC{4,15420),ARET,

AFDLY 152, XFDLY(15), AFOBUS(15),
ABUPSZ, ABUPS(200), XBUPS{200),
Ql16,16), SDBA(32,2)s NQBUF,
QINPT, QCON, QEMP,
LOAD, MEMDLY MEMORY (16},
MXTIME, GUTLVL IQ(4,16),
SR(8) 4 ST{8), SKXPy
APASSE200), - XPASS(200), OUT(2},
MEMCNT{(16), ABOX{15}), ABXBSY {10},
COMMON/RLS/ LAST

INTEGER GUT
REAL MEMDLY,MXTIME
REAL TIME

ENTRY XMBUSY
BUM=]PAR1
L=IPAR2
MEMORY {BOM)=L
RETURN

ENTRY XMFREE
BOM=1PARL
MEMCNT (B80OM) = MEMCNT(BDM) 1

MEMORY (BOM)=

RETURN

ENTRY XLOAD
DEST=IPARL
IF(ABUPS(DEST).NE.1) 60 T3 9

XFRCT,
PH1(100)
NDBUS,

NXREGSy
XCON»
XFULL(12),
NATEST,
ABUSY(200) »

XSOR(12+200) +ADEST(12,200) 4XDEST(12,200),

IPAR3,
NXBUF o
BRXP,
NBBUF,
BOSC,
PRINT,
NADSP,

NABUS,
AEMP,
AGO(12),

"NXTEST,

XBUSYZ,

ABUFF(129100) s XBUFF (124100} ,ASOR(12+200)

AFAC{12415),

XFACSC(4915+20) s XRET,

XFOBUS(15),
ABUFUL {2001},
NQTEST,
MBUSY,

NBOX o

RTNy

SKAP»
JOB(6) s
XBOX{15),

ABUSSC(4+10,20) ,AIBBSY(10) yXBUSSC (4,10,20),XIBBSY(10),XFIBUS{15),
AGBUS (12,10), X0BUS{12,10) ,AFSLOT (15,20) 4 XFSLOT(15,20) ,AF1BUS(15),

NSLOT,
XBUFUL (200},
NQGO,

MFREE,

EAV,

LONGBR,
NSBUF,
SSTOP,
XBXBSY{10}
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ISN 0030
ISN 0031

ISN 0032
ISN 0033
ISN 0034
ISN 0035

ISN 0036
ISN 0037
ISN 0038
ISN 0040
ISN 0041
ISN 0042
ISN 0043
ISN 0044
ISN 0045

ISN 0047

ISN 0048

Arc

L. Conway

ﬂg'--7f-—ww—4

_ DEST=IPAR1
IFRTN=DEST

J ABUFUL (DEST) =1

“APASSIDEST)=0

PASS(D :
RETURN
ABUSY{(DEST)=0

XBUSY(DEST)=0
RETURN

ENTRY XRTN

 RETURN

TQlr,.8=1

9
C
C

e
[

ENTRY XEAV
D0 10 I=1,NQBUF
IF(Q(1,8).£Q.1) GO TO 10

RETURN

CONTINUE

A=1

B8=20000

c=101 ,
CALL TROUBL{A,B,C)
RETURN

END
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LEVEL 5 DEC 66 DATE  YS/360 FORTRAN H , DATE  67.227/15.09.44
' COMPILER OPTIONS — NAME= MAIN,OPT=00,LINECNT=50,SOURCE,EBCDIC,NOLIST,DECK,10AD,MAP,NOEDIT NOID

z
£
2
ISN 0002 SUBROUTINE XSTATS s
ISN 0003 IMPLICIT INTEGER*2{(A-1) ?
ISN 0004 COMMON TIME, e IPAR1y IPAR2, IPAR3, ¢
A AINPT, NABUF ABUS(50), XINPT, NXBUF, 8
B XBUS{50), - IFADD, IFDST, IFRTN, BRXP, 6 !
C BRAP, ER(8), BE(8), ET(8), NBBUF, :
D _AHOLDT, XHOLDT, AFRCT, XFRCT, BOSC,
£ BNOP, XEPy AEP,y PH1(100), PRINT, i
F FSTADD, NODOT , NOPSC, NDBUS,» NADSP,
G NXDSP
ISN 0005 COMMON/RLS/ FIRST, NAREGS NXREGS»y NABUS, f
A NXBUS, STATS, ACON, XCON, AEMP,
B XEMP, MX0, AFULL(12), XFULL{12), AGO(12), {
C XGo(12), NAGOy NXGO, NATEST, NXTEST,
D NAFAC, NXFAC ABUSYZ, ABUSY(200), XBUSYZ,
& XBUSY(200), ABUFF(12,100),XBUFF{12,100)+AS0R{12,200),
F XSOR{12,200) 4ADEST(124200) yXDEST{12,200}, AFAC(12415),
G XFACT12,15), AFACSC(4415,20)+ARET, XFACSC({4915920) s XRET
H ABUSSC(4510420),AIBBSY(10),XBUSSC(4510,20),XIBBSY(10),XFIBUS(15),
I AOBUS(12,10),X0BUS({12,10),AFSLOT(15420)XFSLOT(15,20) AFIBUS(15},
J AFDLY(15), XFDLY (15}, AFOBUS{15), XFOBUS(15), NSLOT,
K ABUPSZ, ABUPS{200), XBUPS{200), ABUFUL(200), XBUFUL(200},
L U{16+16), SDBA{32+2)y NQBUF, NQTEST, | NQGO,
M QINPT, QCON, QEMP, MBUSY, MFREE
N LOAD, MEMOLY, MEMORY{16)s NBOX» EAV,
0 MXTIME, OUTLVL » 1Q{4,16), RTN, LONGBR
P SR{8), ST(8), SKXPy SKAP, NSBUF»
Q APASS(200), XPASS(200), OUT(2), JOB(6), SSTopP,
R MEMCNT(16), ABOX(15), ABXBSY(10), XBOX(15), XB8XBSY{10)
ISN 0006 COMMON/RLS/ LAST
1SN 0007 INTEGER GUT
ISN 0008 REAL MEMDLYMXTIME
ISN 0009 REAL TIME
ISN 0010 INTEGER INDEX
ISN 0011 COMMON/OBUF/SPH1(80,100) ySABUFF{12,100) ,SXBUFF{12,100),
A SAREG(32,100),SXREG(32,100),SABREG{32,100),5C81T{24,100),
B SCBBIT(24,100) ,SAFAC(15,100),SXFAC(15,100),5Q{16,+100),
C SMEM{16,100),51IQ(4,100),58(34,100),SS(10,100)
ISN 0012 DIMENSION BB(2)
ISN 0013 EQUIVALENCE{BB(1},SPHL1{1,1))
ISN 0014 DIMENSION XMN{10),AMN(10)
ISN 0015 DIMENSION BSYM{68),SSYM{20)
ISN 0016 DATA SSYM/40HSR 1SR 2SR 3SR 4SR 5SR 6SR TSR 8SKXPSKAP/
ISN 0017 DATA BSYM/136HER 1ER 2ER 3ER 4ER 5ER 6ER 7ER 8BE 18E 28€ 3BE 4BE 5
ABE 6BE 7BE B8ET 1ET 2ET 3ETV 4ET S5ET 6ET TET BBRXPBRAPXHLTAHLTXFCTAF
BCTXEP AEP BOSUBNUP/
ISN 0018 DATA XMN/20HEAEAL S M D XAC sP /
ISN 0019 DATA AMN/Z20HFAFAFMFDIAIMIDC L S /
12 ISN 0020 DATA BLNK/2H /

3=
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C OUTPUT LEVELS AS FOLLOWS z
C QUTLVL=0  FULL DEBUG INCLUDED €
C OUTLVL=1  CYC/CYC INCLUDED v
c QUTLVL=2  FULL 100 CYC INCLUDED s |
C OUTLVL=3 MIN 100 CYC INCLUDED v
[o FIRST TIME THRU, BLANK THE OUTPUT ARRAYS ‘
ISN 0021 ABNORM=0 8
ISN 0022 IF(TIME.GYT.0.0) GO TO 60 6
ISN 0024 DO 50 INDEX=1,35800 ot
ISN 0025 50 BB(INDEX)=BLNK L
ISN 0026 60 CONTINUE e
ISN 0027 CALL CAUSE(STATS,TIME+1.0,0,0,0)
C
C - =~ === = - - = PLACE PER CYCLE OUTPUT HERE — — — — = - = = — = —
C
C OUTPUT PER CYCLE IF QUTLVL LE 1
ISN 0028 IF(OUTLVL.GT.1) GO TO 100
ISN 0030 WRITE(6,1000)TIME
ISN 0031 100 CONTINUE
ISN 0032 ITIME=TIME
ISN 0033 JT=MOD(ITIME,100)+1
ISN 0034 IF(JT.NE.1) GO TO 2050
ISN 0036 IF(TIME.EQ.0.0) GO TO 2050
C
C - - - -=-=~~-- DUTPUT 100 CYCLE OUTPUT — = — = = = = = — = = = = = =
C
ISN 0038 2500 CONTINUE
ISN 0039 ITIME=TIME
ISN 0040 BTIME=1TIME-MOD(ITIME,100)
ISN 0041 IF(MOD{ITIME,100).EQ.0) BTIME=ITIME-100
ISN 0043 FTIME=ITIME-1
ISN 0044 CALL TMTU(DBUT(1))
ISN 0045 WRITE(6,2610) BTIIME,FTIME,(JOB(1),1=1+6),00T(1),0UT(2}
ISN 0046 WRITE(6,2611)
ISN 0047 IF(OUTLVL.EG.3) GO TO 888
C OUTPUT DISP REG AND PHI
1SN 0049 WRITE(642630)
ISN 0050 WRITE(6+2640) (SPH1{1,T},T=1,100}
ISN 0051 WRITE(6s2641){SPHL(2+7)+1=1,100)
ISN 0052 DO 90 1=1,8
ISN 0053 J=1+2
1SN 0054 90 WRITE(642622)14(SPH1{J,T),T=1,100),1
ISN 0055 WRITE{6,2630)
ISN 0056 WRITE(642643)(SPH1{11,T),T=1,100)
ISN 0057 WRITE(6+2641) (SPHL1(1247)41=14100)
ISN 0058 DO 91 I=1,8
ISN 0059 J=1+12
ISN 0060 91 WRITE(6492622) 14 (SPH1{JsT)sT=1,100),1
ISN 0061 WRITE(642630)
ISN 0062 WRITE(O,92644) (SPH1{21,7),7=1,100) sy
e
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ISN 0063 WRITE(Gy2641)({SPHL{22,7)97=1,100) z
ISN 0064 DO 92 1=1,8 £
TSN 0065 J=1¥22 4
ISN 0066 92 WRITE(692622)1, (SPH1(JsT)9T=1,100),1 s :
ISN 0067 WRITE(6,2630) 9
ISN 0068 WRITE(6,2645)(SPH1{31,T),T=1,100) 3
ISN 0069 WRITE(6,2641)(SPH1(32,7),1=1,100) 8
ISN 0070 Do 93 I=1,8 - s
ISN 0071 J=1+32 o
ISN 0072 93 WRITE(642622)15(SPHL(JsT)+T=1,100),1 H
1SN 0073 WRITE(642630) e
ISN 0074 WRITE(642646) (SPH1{41,T),T=1,100)
ISN 0075 DO 94 1=42,80
ISN 0076 94 WRITE(692642)(SPHL(1,T),T=1,100)
TSN 0077 888 CONTINUE
C OUTPUT BRANCH CONTROLS
TSN 0078 WRITE(6,2630)
ISN 0079 1=1
1SN 0080 WRITE(6:2637)1BSYM(1)sBSYM{2)9(SB(1s1)9T1=1,1001}
ISN 0081 DO 104 J=1417,8
ISN 0082 DO 104 K=1,NBBUF
ISN 0083 I=J+K~-1
TSN 0084 IFl1.EQ.1) GO TO 104
ISN 0086 WRITE(692638)BSYM{2%1-1),BSYM{2%1),{SB(I1,T),T=1,100)
TSN 0087 104 CONTINUE
ISN 0088 DO 103 1=25,34
ISN 0089 103 WRITE(6+2638)BSYMI2FI-1)sBSYM(2X1),(SBI1,T1,1=1,100)
C QUTPUT SKIP CONTROLS
ISN 0090 WRITE(642630)
1SN 0091 WRITE(6,2647)SSYM{1) ,SSYM{2),(SS(1,7),T=1,100)
ISN 0092 D0 102 K=2,NSBUF
ISN 0093 102 WRITE(6,2648)SSYMI2%K—-1)SSYM(2%K) s {SS{KsT)sT=1,100)
ISN 0094 DO 101 K=9,10
ISN 0095 101 WRITE(652648)SSYM{2%K-1) 9sSSYM{2%K)y ({SS(KsT)»T=1,100)
C OUTPUT ABUFF
ISN 0096 WRITE(6,2630)
ISN 0097 I=1
ISN 0098 WRITE(642623)1, (SABUFF(14T),7=1,100),1
TSN 0099 DO 110 1=2,NABUF
ISN 0100 110 WRITE(642622)14{SABUFF(1,T),7=1,100),1
< GUTPUT XBUFF
ISN 0101 WRITE(6,2630)
ISN 0102 I=1
ISN 0103 WRITE(6,2624) 1, {SXBUFF{1,7)+T=1,100),1
1SN 0104 DO 111 1=2,NXBUF ;
ISN 0105 111 WRITE(642622) 1, (SXBUFF{I,T)+T=1,100),1
C OUTPUT A FACILITIES
ISN 0106 WRITE(6,2630)
ISN 0107 1=1
ISN 0108 WRITE(642631)AMN{I) o 14 {SAFAC{I,7),T=1,100),I
12
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ISN 0109 DO 108 1=2,NAFAC z
ISN 0110 108 WRITE(6,2635)AMN{1),1,{SAFAC(I,T),T=1,100),1 €|
C OUTPUT X FACILITIES v
ISN 0111 WRITE(6,2630) s
ISN 0112 =1 9
ISN 0113 WRITE(6,2632)XMN(1) 15 {SXFAC{I,7)+T=1,100),1 L
ISN 0114 DO 109 I=2,NXFAC 8
ISN 0115 109 WRITE(642635)XMN{I) 1y (SXFAC(I,T)yT=1,100),1 6
C OUTPUT Q BUSY oL
ISN 0116 WRITE(652630) L
ISN 0117 IF(OUTLVL.EQ.3) GO 10 889 &
ISN 0119 I=1
iSN 0120 WRITE(692633)115( SQUIsT)1+T=1,1000,1
ISN 0121 DO 106 1=2,NQBUF
ISN 0122 106 WRITE(6+2622) 1+(SQ(1+7)97=1,100)51
o QUTPUT IQ BUSY
ISN 0123 WRITE(642630)
ISN 0124 I=1
ISN 0125 WRITE(6,2636)1,(SIQII,T)47=1,100041
ISN 0126 DO 105 I=2,4
ISN 0127 105 WRITE(6+2622)1+(S1Q{I+7),7=1,100),1
C QUTPUT MEM BUSY
ISN 0128 WRITE(692030)
ISN 0129 I=1
ISN 0130 WRITE(6+2634) 14 (SMEM{1,7)97=1,100041
ISN 0131 DO 107 1=2,NBOX
ISN 0132 107 WRITE(6,2622) T4(SMEM(I,T),7=1,100),1
[o OUTPUT AREGS BUSY
ISN 0133 WRITE(6,2630)
ISN 0134 J=0
ISN 0135 I=1
ISN 01356 WRITE(692625)Jy0 SAREG(I4T)T=1,100),J
ISN 0137 DU 112 1=2,32
ISN 0138 J=1-1
TSN 0139 112 WRITE(652622)d7( SAREG(14T)s1=14100),J
c QUTPUT ABU REGS BUSY
ISN 0140 WRITE(Gy2630)
ISN 0141 J=0
ISN 0142 I=1
ISN 0143 WRITE(652626)J4 {SABREG(I,T),7=1,100),J
ISN 0144 DO 113 1=2,32
ISN 0145 J=1-1 :
ISN 0146 113 WRITE(642622)1d9 (SABREG(147)sT=15100) 44 {
C OUTPUT XREGS BUSY |
ISN 0147 WRITE(6,2630) i
ISN 0148 J=0 ;
ISN 0149 1=1
ISN 0150 WRITE(692627)Js( SXREG(L,T),T=1,100),J
ISN 0151 DO 114 1=2,3
ISN 0152 J=1-1 -
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ISN 0153 114 WRITE(65,2622)ds1 SXREG{I,T)»T=1,100),J 3
C OUTPUT C BITS BUSY €
ISN 0154 WRITE(6,2630) 4
ISN 0155 J=0 2
ISN 0156 I=1 9
ISN 0157 WRITE(652628)Jy{ SCBIT{I,T7),7=1,100),J L
ISN 0158 DO 115 I=2,24 8
ISN 0159 J=1-1 - é
ISN 0160 115 WRITE(6,2622)J,( SCBIT(I,T),T=1,100),J oL
C OUTPUT CBU BITS BuUSY '
ISN Ole6l WRITE(642630) ot
ISN 0162 J=0
ISN 0163 I=1
ISN 0164 WRITE(6,2629)J,(SCBBITII,T),T=1,100),J
ISN 0165 DO 116 I=2,24
ISN 0166 J=1-1
ISN Ole67 116 WRITE(6,2622)J4,(SCBBITII,T),1=1,100)4J
C
ISN 0168 WRITE(6,2630)
ISN 0169 889 CONTINUE
ISN 0170 DO 2550 INDEX=1,35800
ISN 0171 2550 BB{INDEX)=BLNK
C
C ____________________________________
C IF ABNORMAL TERMINATION,I.E. ENTERED AT FINIS,
C WRITE OUT OBUF, CALL TROUBL, THEN STOP.
ISN 0172 ITF(ABNORM.EQ.OY GO 1O 7177
ISN 0174 A=1
ISN 0175 B=20000
ISN Q176 C=71717
ISN 0177 CALL TROUBL{A,B,C)
ISN 0178 sTOP
C
ISN 0179 ENTRY FINIS
ISN 0180 ABNUORM=1
ISN 0181 G0 TO 2500
ISN 0182 7777 CONTINUE
C—-- == =-== FILL CYCLE POSITICN IN 100 CYCLE BUFFER — - - - = = - =
C
ISN 0183 IF(SSTOP.EQ.1) RETURN
ISN 0185 2050 CONTINUE
ISN 0186 CYCLE=JT
ISN 0187 CALL STOBUF(CYCLE)
C TEST FOR STCGP CONDITION
ISN 0188 IF(PH1(100).EQ.0) RETURN
ISN 0190 DO 200 I=1,NABUF
ISN 0191 IF{ABUFF(1,1).NE.O) RETURN
ISN 0193 200 CONTINUE
ISN 0194 DO 201 I=1,NXBUF
ISN 0195 IF(XBUFF(I,1).NE.O) RETURN
12
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ISN 0197 201 CONTINUE 3
ISN 0198 DO 206 1=1,NQBUF €
ISN 0199 IF(Q{I,1).NE.O) RETURN 4
ISN 0201 206 CONTINUE s
ISN 0202 DO 207 I=1,NBOX 9
ISN 0203 IF(MEMCNT(1).NE.O) RETURN 3
ISN 0205 IF(MEMORY(T).NE.O) RETURN 8
ISN 0207 207 CONT INUE 6
ISN 0208 DO 208 I=1,NAREGS oL
ISN 0209 1F (ABUSY (1) .NE.O) RETURN 1
ISN 0211 208 CONTINUE [0
ISN 0212 DO 209 N=1yNXREGS
ISN 0213 IF{XBUSY(I).NE.O) RETURN
ISN 0215 209 CONTINUE
ISN 0216 DG 202 1=1,NAFAC
ISN 0217 DO 202 J=1,NSLOT
ISN 0218 IF(AFACSC(241,J).NE.O) RETURN
ISN 0220 202 CONTINUE
ISN 0221 DO 203 1=1,NXFAC
ISN 0222 DG 203 J=1,NSLOT
iSN 0223 IF(XFACSC{2,14J).NE.C) RETURN
ISN 0225 203 CONTINUE
ISN 0226 DO 204 1=1,NABUS
ISN 0227 DO 204 J=1,NSLOT
ISN 0228 1F(ABUSSC(2,1,J).NE.O) RETURN
ISN 0230 204 CONTINUE
ISN 0231 DO 205 1=1,NXBUS
ISN 0232 D0 205 J=1,NSLOT
ISN 0233 IF{XBUSSC{2,1,J).NE.O) RETURN
ISN 0235 205 CONTINUE
STOP CONDITION TRUE. TERMINATE RUN.
ISN 0236 SSTOP=1
ISN 0237 GO 10 2500
ISN 0238 1000 FORMAT(6H TIME=,F6.2)
ISN 0239 2610 FORMAT(1HL,17X, l6HSIMULATED TIME =,15,3H T0,15,10X,
A 16HINPUT PROGRAM = ,6A1,10X, :
B 16HREAL TIME/DATE =,2(1XZ8)) {
ISN 0240 2611 FORMAT(1H )
ISN 0241 2622 FORMAT{18H +1241X5,100A1,12)
ISN 0242 2623 FORMAT(18H A BUFFER +12,1X5,10041,12)
ISN 0243 2624 FURMAT(18H X BUFFER +y12+1X,100A1,12)
ISN 0244 2625 FORMAT(18H A REGS BUSY »1251X+4100A1,12)
ISN 0245 2626 FORMAT(18H ABU REGS BUSY +»12,1X,100A1,12)
ISN 0246 2627 FORMAT(18H X REGS BUSY »125,1X,100A1,12)
ISN 0247 2628 FORMAT(18H C BITS BUSY 2 12+1X,100A1,12)
ISN 0248 2629 FORMAT{18H CBU BITS BUSY »124,1X5100A1,12)
ISN 0249 72630 FORMAT(21X,101HO ¥ 1 + 2 ¥ 3 ¥ %
X————pm—— - 1 + + 9-———+-———-0)
ISN 0250 2631 FORMAT(15H A FACILITIES +A2+1X12+1Xs100A1,12)
ISN 0251 2632 FORMAT{15H X FACILITIES ,A2,1X1241X,100A1,12)
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ISN 0252 2633 FORMAT(18H MEMORY QUEUE (D) +12,1X,100A1,12) z
ISN 0253 2634 FORMAT(18H MEMORY 212, 1X,100A1,12) £
1SN 0254 2635 FORMAT(I5H yAZ,1X12,1X,100A1,12) v
ISN 0255 2636 FURMAT{18H MEMORY QUEUE (I) ,12,1X,100A1,12) S
ISN 0256 2637 FORMAT(16H BRANCH CONTROL-,2A2:1X,100A192H +) 9
ISN 0257 2638 FORMAT{16H 22A231X9s100A142H +) L
ISN 0258 2640 FORMAT(20H DSPX1 IBs1Xy100A1,42H +) 8
ISN 0259 2641 FORMAT{20H . DOy1Xs100A152H +) 6
ISN 0260 2642 FORMAT(20H +91X9100A1,2H +) ot
ISN 0261 2643 FORMAT({20H DSPX2 IB9y1Xy100A142H +) t
ISN 0262 2644 FORMAT(20H DSPAL IBe1X+100A1,2H +) (4
ISN 0263 2645 FORMAT(20H DSPA2 IB91Xy100A142H +)
ISN 0264 2646 FORMAT(20H PH1 +31X3100A1,2H +)
ISN 0265 2647 FORMAT(16H SKIP CONTROL— —,2A2,1X,100AL,2H +)
ISN 0266 2648 FURMAT(16H 92A2,1X,100A1,2H +)
ISN 0267 END
12 ==
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LEVEL 5 DEC 66 DATE YS/360 FORTRAN H DATE 67.140/00.03.55 z
. €
y ) " COMPILER OPTIONS - NAME= MAIN,0PT=02,LINECNT=50,SO0URCE,EBCDIC,NOLIST,DECK,LOAD,MAP,NOEDIT,NOID v
S
T ISN 0002 SUBROUTINE STOBUF(CYCLE) i
»  ISN 0003 IMPLICIT  INTEGER*2{A-Z) ‘
1SN 0004 o " 'COMMON TIME, T TIPARL, 1PARZ, IPAR3, &
A AINPT, NABUF, ABUS(50), XINPT, NXBUFy, ) 6
» T T BT XBUS(50), T IFADD, = = IFDST, "TIFRTNy  BRXPy a oL
~ ~ C BRAP, ER(8), BE(8), ET(8), NBBUFy e
D AHOLDT, XHOLDT, AFRCT, XFRCT BOSC, e
D) E BNOP, _ XEP, AEP, PH1(100), PRINT,
F FSTADD, NODOT, NOPSC, NDBUS, ""NADSP,
G NXDSP e — e e e e e e . e s .
B! ISN 0005 COMMON/RLS/  FIRST, = NAREGSy ~~~ 'NXREGS,  ~ 'NABUS, T [
A NXBUS,  STATS,  ACON, XCON, AEMP, ~
8 XEMP, Mxe, AFULL(12), XFOLL(127, AGC(12),
b C XGO(12), NAGO, NXGO NATEST, NXTEST, o ) o
D NAFAC, UNXFAC, T ABUSYZ, T ABUSY(200), XBUSYZ, -
E XBUSY(200), ABUFF(12,100),XBUFF(12,100)4+ASOR(12,200}, L o o
k) - T 7 F XSOR112,200),ADEST(12,200),XDEST(12,200), ~ " TAFAC(12,1%),
; G XFAC(12,15)y AFACSC(4415,20)4ARET, XFACSC(44915,20) 4 XRET,
S 7 H ABUSSC(4,10,20),ATBBSY(10) ,XBUSSC(4,10,20),XIBBSY(10),XFIBUS{15),
) I ADBUS{12,10),X0BUS(12,10),AFSLOT(15,20),XFSLOT{15,20),AFIBUS(15), - e
J AFDLY(15), ~XFDLY(15),  AFGBUS(15), XFOBUS(15), NsEﬁT; -
K ABUPSZ, ABUPS{200), XBUPS(200), ABUFUL(200), XBUFUL(200), o o
) L QUl6,416),  SDBA(32,2), 'NQBUF, TUNQTEST, NQGOy ~ S
S M QINPT,  QCON, CEMP, MBUSY, MFREE» .
T “TTNTLOAD, ) MEMDLY, MEMORY(16), NBOX, EAV,
3 O MXTIME,  DOUTLVL,  1IQ(4,16), RTNy | LONGBR, - o
P SR(B)y TSTi8)y SKXP, SKAP, NSBUF,
Q APASS{200), XPASS(200), OUT(2), JOB(6), SSTOP, o - o
2 R MEMCNTI16Y, ABOX{15), = ABXBSY(10), XBOX(15), @ XBXBSY(1l0)
. IsN 0006~ COMMON/RLS/ LASY L
ISN 0007 INTEGER OUT
3 ISN 0008 _REAL MEMDLY,MXTIME o o o o e
ISN 0009 REAL TIME T
ISN 0010 COMMON/OBUF/SPH1(80,100) ySABUFF(12,100),SXBUFF(12,100), o - B
k] ) A SAREG(327100),SXREG(32,100) ,SABREG(32,100),SCBIT(24,100),
... B 5(BBIT{24,100),SAFAC(15,100),5XFAC(15,100),5Qi16,1000» ...
c SMEM(16,100),510(4{Ib0),55(34,100),55110,100)
3 ISN 0011 INTEGER%*2 CYCLE . ) - B
C FILLS CYCLE POSITION IN OUTPUT BUFFER
ISN 0012 JT=CYCLE 7‘
- FILL DISP REG,PHl, OUTPUT BUFFER . i
ISN 0013 T b0 s 1=1,80 *
? ISN 0014 5 SPHI(I,JT)=PHLLI) ) B
S FILL BRANCH CONTROL OUTPUT BUFFER T
ISN 0015 DO 6 I=1,8
» ISN 0016~ TTUSBUI,JTY=0 - T T B o o B
o ISN 0017 SB(I+8,4T)=0
ISN 0018 T SB{I+16,JT)=0
3 L . N
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ISN. 0019 IFLER(I}.NE.O) SBII,JT)=(ER(I)+240)%256 €
ISN 0021 IF(BE(IY.NE.O) SB(I1+8,JT)=(BELI)+2401%256 v
ISN 0023 IFLET(I).NE.O) SB(I+16,JT)=(ET{1)+240)%*256 s
ISN 0025 6 CONTINUE 4
ISN 0026 DO 3 I=25,34 o ~ ¢
ISN 0027 3 SBUI,4T)=0 8
ISN 0028 IF{ BRXP.NE.O) SBI25,JT)=(BRXP+240)%256 e o _ _ 8
ISN 0030 IF( BRAP.NE.O) S5B(26,JT)=(BRAP+240)%*256 oLy
"ISN 0032  IF(XHOLDT.NE-Q) SB(27,JT)=(XHOLDT+240)%256 o L _ L
ISN 0034 IF(AHOLDT.NE.O) SB(28,JT)=(AHOLDT+240)*256 [
~ISN 0036 IF(XFRCT .NE.O) SB{29,JT)={(XFRCT+240}%*256 e o _
ISN 0038 IF(AFRCT <NE.O) SB{30,JT)=(AFRCT+240)%256
ISN 0040 IF{ XEP oNE.O) SB(31,JT)=(XEP+240)%256 ) ~ )
ISN 0042 IF{ AEP .NE.O) SBU32,JT)=(AEP+240)%256
.ISN 0044 _IF{ _BOSC.NE.O) SB(33,J4T)={BOSC+240)*256 . ..
ISN 0046 IF{ BNOP.NE.O) SB(34,JT)=(BNOP+240)%*256
v c FILL SKIP CONTROL OUTPUT BUFFER ) o o
ISN 0048 DO 4 1=1,8
ISN 0049 SS{1,4T)=0 o B o ~ B o
ISN 0050 IF{SRII)NE.O) SS{I JT)={SR{I)+240)%256
_ISN 0052 4 CONTINUE - e
ISN 0053 $S(9,JT)=0
ISN 0054 $S(10,JT)=0 o L e
ISN 0055 IF{SKXP.NE.O) SS(9,JT)={SKXP+240)%256
ISN 0057 IF(SKAP.NE.O) SS{10,JT)=(SKAP+240)%*256 o o - ~ o
o FILL ABUFF OUTPUT BUFFER
_ISN 0059 DO 10 I=14NABUF o o ~ o L
ISN 0060 10 SABUFF(I,JT)=ABUFF(I,1)
o C FILL XBUFF OUTPUT BUFFER o B e ) ) ) )
ISN 0061 DO 11 I=1,NXBUF
ISN 0062 11 SXBUFF(I,JT)=XBUFF{I,1) L -
C FILL A AND X FACILITY OUTPUT BUFFER
ISN 00€3 ....bO0 9 I=1,NXFAC _ e e
ISN 0064 9 SXFAC(I,JT)=XFACSC(2,1,1)
ISN 0065 DO 19 I=1,NAFAC S o 3 ) -
ISN 0066 SAFAC(I,JT)=AFACSC(2,1I,1)
ISN 0067 19 CONTINUE ) B L
C FILL Q AND MEM OUTPUT BUFFER
_ISN 0068 DO 8 I=1,16 e e ) e
ISN 0069 SQUI,dT)=QlI,1)
ISN 0070 8 SMEM{I,JT)=MEMORY(I) ) ) ) .
o FILL IQ OUTPUT BUFFER
ISN 0071 D0 7 I=1,4 o B - o
ISN 0072 7 SIQUI.JT)=IQ(I,1)
C FILL REG BUSY CUTPUT BUFFERS o L ) - _
ISN 0073 DO 12 1=1,32 T -
ISN 0074 SAREG(I yJT)=ABUSY(I)
ISN 0075 SABREG(I,JT)=XBUSY(I) N o
ISN 0076 SXREG(I,JT)=XBUSY(I+32)
ISN 0077 12 CONTINUE T o B o
30/ R e e . e
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T D013 1=1,24 :

SCBIT(ILJT)=XBUSY(I+64)

CSCBBIT(I,JT)=ABUSY(I+64)

CONTINUE

o @M V|l w|o o~

RETURN B o
LEND i} , . e —
Ol;.
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LEVEL 10 APR. 67 0S/7360 FORTRAN H DATE 67.307/18.23.51

}
COMPILER OPTIONS - NAME= MAIN,OPT=02,LINECNT=50,SOURCE,EBCDIC,NOLIST,DECK,L0OAD,MAP,NOEDIT,NOID
) ISN 0002 SUBROUTINE XXCON
ISN 0003 IMPLICIT INTEGER¥*2(A-Z)
1SN 0004 _ _COMMON . TIME, IPARLy,  IPAR2, IPAR3, e _
) A AINPT, NABUF, ABUS(50), XINPT, NXBUF,
L B XBUS(50), IFADD,  IFDST,  IFRTNy _  BRXPy e
C BRAP, ER(8), BE(8), ET(8), NBBUF, )
Yoo _ ...D_AHOLDT, XHOLOT, AFRCT, = XFRCT, ~ BOSC, EE
€ BNOP, XEP, AEP, PHL(100), PRINT,
. F_FSTADD, NODOT, NOPSC, NDBUS, NADSP, :
3 G NXDSP P
1SN 2005 COMMON/RLS/ FIRST, NAREGS s __ NXREGS; NABUS , e
A NXBUS, STATS, ACON, XCON, AEMP,
; B_XEMP, . MXO, _ _AFULLI12),  XFULL{12),  AGO(12), e
C XGO(12), NAGG, NXGO NATEST, NXTEST,
D NAFAC, NXFACy __ABUSYZ, ABUSY(2GC), XBUSYZ, o e o
H E XBUSY(200), ABUFF{12,100),XBUFF(12,100)4ASOR{12,200),
F XSOR(12,200),ADEST(12,200) ,XDEST(12,200), AFAC(12,15), -
G XFAC(12415), AFACSC{4,15,20),ARET, XFACSC{4,15,2C) 4 XRET,
3 H ABUSSC(4,10,20),AIBBSY(10) 4XBUSSC{4410,206),XIBBSY(10),XFIBUS{15)},  _ . o e
I ADBUS(12,10)4X0OBUS{12,1C),AFSLOT{15,20)4XFSLOT(15,20) AFIBUS(15),
J_AFDLY(15), XFDLY{15),  AFOBUS(15), XFOBUS{15), NSLOT, - -
2 K ABUPSZ, ABUPS{200), XBUPS(200), ABUFUL{200), XBUFUL({200),
L Q(16,16), SDBAI32,2) s  NQBUF, NQTEST, NQGOy e
M QINPT, QCON, QEMP, MBUSY, MFREE,
b N LOAD, _MEMDLY,  MEMORY(16), NBOX,  EAV,y ) i e o
O MXTIME, OUTLVL, 104,161}, RTN, LONGBR,
P _SR(3), ST(8),  SKXP, _ SKAP, _ NSBUF, o o . o
3} 0 APASS(?OF), XPASS{20C), OUT(2), JOB(6), ssTOP,
R OMEMCNT(16), ABOX(15), ABXBSY(10), XBOX[15), XBX8SY(10) o N
ISN 2006 CUWWON/RLS/ LAST
3 ISN 5007 INTEGER QUT e e
ISN 0908 DIMENSION STRBSY(200) ,DESBSY(20C)
ISN 2009 REAL MEMDLY,MXTIMF e L L L
3 ISN 2212 REAL TIME
ISN 0C11 CALL CAUSE(XCON,TIME+1.0,0,0,0) e I
1SN 2012 CALL CAUSE(XEMP,TIME+0.3,0,0,0) ;
3 ISN 2013  CALL CAUSE(XRET,TIME+0.8,0,2,0) o N ) I
ISN 2014 NGO=0 i
ISN D015 Q60=0 o - - S o . e
3 ISN 2016 DO 1 I=1,NXBUF !
ISN 2017 1 XGO(I)=0 - o
C - = = = - - - IF BNOP STATE, NOP ALL BDS OPS— — — - — = = = = = = = - =
3 ISN 2018 IF(BNOP.NELL) GO TGO 5 L e
ISN 0029 DO 4 [=1,NXBUF
ISN 0021 IF{XBUFF(I,12).NE,1) GO T0O 4 o
E ) 1SN 0023 D0 2 K=1,NXREGS o T
12 ISN 2024 XSOR(I,K)=0
n 1SN 0325 2 XDEST(I,K)=0
) o ISN 0026 DO 3 K=1,NXFAC
9
s 3073
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ISN nC27 XFAC({1,K)=C 4
ISN 0028 3 XOBUS({I,K)=0 s
1SN 0G29 XBUFF(T1,2)=0 9
ISN 0030 XBUFF(I1,12)=0 L g
ISN 0031 4 CONTINUE 8
ISN €032 5 CONTINUE ) B . . L
L = = — = = = = = 4 = = ¢ = e = e = = = = - = = e e .= - - - = = i
- = = = — = = IF SKIP TAKEN,NOP ALL STARRED 0PS UP TO 1ST EXEC SKIP - - L
ISN 0033 D0 80 I[=1,NXBUF o
ISN 0034 IF{XBUFF(1,13).EQ.0) 60 T0O 79 o - e :
ISN 0036 IF(XBUFF(I, 9).EQ.0) GO TO B84 i
ISN 0033 [F(XBUFF(I,11).EQ.0) GO TO 84 SR - e S
ISN 7040 79 CONTINUE T P
ISN 2041 [F(XBUFF(1,11).£0.0) GU TO 80 _ _
ISN 0043 I[F(XBUFF(T1,9).EQ.0) GO TO 80
ISN 9045 DU Bl K=1,NXREGS S - ~ .
ISN 0046 XSORUT 4 K)=0
ISN 0047 81 XDEST(I,K)=7 e
C APPRUX WAY TO HANDLE SKIPPED BRANCHES )
C LET GO AS UNSUCC BRANCH — NO S/D INTLKS
ISN 0043 IFIXBUFF(I,12Y.NE.1) GO TO 1081
ISN 9059  XBUFF(I410)=0 ~ - - i o
ISN 0951 G T 39
ISN 0052 1081 CONTINUE o o o
[SN DC53 DU B2 K=1,NXFAC T T T - o o
ISN 0054 XFAC(T &) =0 - S o e
ISN 0055 82 X0BUS{I,K)=0
1SN 00556 XBUFF(I,2)=0 A e o
1SY 0057 DO B3 K=9,15 T Tt T )
ISN 2258 83 XSUFFLI,k)="
ISH 0C59 8D CONTINuE
ISN 0059 84 CONTENQE - "
o . THIS EVENT SCANS XBUFF FOR INST WHICH CAN GO o . N
C SCAN FOR NXGO OUT OF NXTEST
ISMN 0061 DO 13 REG=1,NXREGS ) o e
1SN coe2 T SORRSY{REGI=0 o o
ISN 0963 1¢ DESKSY(REGI=XBUSYIREG) _ L e o
ISN D064 no 1497 INS=1,NXTEST
__ISN 2926¢ ) IFUXFULLLINS) LEJ.D) GO TO 100 . o L
ISN 02567 TIFCINS.EQLTY GO TO 21
ISN : DO 11 REGSL,NXREGS i o )
T UTISM goTy T SORBSYTREG)Y=SUROSY {REGY +XSUR (INS—1,REG) o i
ISN 0071 L1 DESBSY({REG)=NESBSY(REG)+XDEST{INS—1,REG) o o o
ISh ©072 TNSMI=INS—1
ISN CO73 D20 1=1,INSHL e ) - ~ - o . e
C 7 7 U PREV EXIT INTLKS ALL CODE BELOW
. ISN 0074 IF(XBUFF(I,14).EQ.1) GO TO 100 L L
c “TUUPREV SKIP INTLKS ALL STARRED CODE BELOW - T T ==
12 ¢ _AND ALL SKIPS BELOW ;
"
10
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ISN Q076 IF(XBUFF(I,13).EQ.0) GO TO 20 4
ISN 0078 IF{(XBUFF{INS+13).EQ.1).0R.{XBUFF{INSy9).EQ.1)) GO TO 100 s
ISN 0080 20 CONTINUE 4
ISN 0081 21 CONTINUE <
C IF EXIT, INTLK AGAINST PREV BRANCHES AND ER 8
ISN 0082 IF(XBUFF(INS,14).NE,1) GO TO 28 _ s
ISN 0084 IF{ER{BRXP).NE,1) GO TO 100" 0
ISN 0086 IF(INS.EQ.1) GO TO 129 i
ISN 0088 DD 128 I=1, INSM1 4
ISN 0089 IF(XBUFF(1,12).EQ.1} GO TO 100 -
ISN 0091 128 CONTINUE
C EXIT PART OF OP GOES, MARK GO EXIT.
ISN 0092 129 CONTINUE
ISN 0093 XBUFF(INS,15)=1
ISN 0094 28 CONTINUE
1SN 0095 DO 22 REG=14NXREGS o
1SN 0096 IF({XSOR{INS,REG).EQ.1) .AND.({DESBSY(REG).NE.O)) GO TO 100
ISN 0098 IFL{XDEST{INS,yREG) EQ.1) .AND.(DESBSY{REG).NE.O)) GO TO 100 L
ISN 0100 IF((XDEST(INS,REG).EQ.1) .AND.{SORBSY{REG) .NE.O)) GO TO 100
ISN 0102 22 CONTINUE
C FIND FAC USED
ISN 0103 DO 25 FAC=1,NXFAC B
ISN 0104 IF(XFAC(INS,FAC).NE.O) GO TO 26
ISN 01C6 25 CONTINUE L o e
C NO FAC USED. ISSUE 0P
ISN 2107 FAC=0
ISN 0108 26 CONTINUE
C — = = = = = = TEST FOR SPECIAL OPS HERE - - = = = = = = = = = = = =
ISN 0109 SPEC=0
C IF L/S TEST AVAIL OF QUEUE )
ISN 0110 IF({XSOR{INS,89).NE.1).AND.(XDEST(INS,89).NE.1}) GO TO 27
ISN Q112 SPEC=1
ISN 3113 QPT=QINPT+QGO
ISN 0114 IF(QPT.GT .NQBUF) GO TO 100 B e
ISN Ol16 27 CONTINUE
o IF BRANCH,INTLK AGAINST PREV BRANCHES AND EHT AvAIL -
ISN 2117 IFIXBUFF(INS,12).NE.1) GO TO 29
ISN 2119 IF{ER(BRXP).EQ.1) GO TO 100
C IF SHORT BRANCH,TEST LONGBR INTLK
ISN 0121  IFU(XBUFF{INS,5).EQ.0) AND.{LONGBR,NE.O}) GO TO 100 o e o
ISN D123 IF{INS.EQ.1) GO TN 231
ISN 0125 DU 230 I=l,INSML o o o =
ISN 01256 IF(XBUFF{I,12).EQ.1) GO TO 100
ISN 0128 230 CONTINUE
ISN 0129 231 SPEC=1
ISN 0132 29 CONTINUE _
C IF SKIP,INTLK AGAINST PREV NOGO STARRED OPS,SHT AVAILABLE
ISN 0131 IF{XBUFF(INS,13}.NE.1) GO TO 132
ISN 0133 IF(SR{SKXP).EQ.1) GO TO 100
12 ISN 0135 IFCINS.EQ.1) GO TO 131
11
10
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ISN 0137 DO 130 I=1,INSM1 v
ISN 0138 IF((XBUFF(I,9).EQ.1) . AND. {XGO({I).NE.1)) GO TO 100 s
ISN 0140 130 CONTINUE 9
ISN 0141 131 SPEC=1 ¢
ISN 0142 132 CONTINUE 8
L = = = = = = o et m et e = = e - e e = e e e e e e = - m = - - 6
[ [F NORMAL OR SPEC OP AND NGO =NXGO, DO NOT ISSUE L
C IF REPLACE OR NDP, CAN ISSUE ANYWAY.
ISN 0143 TF{((FAC.NE.O).OR.{SPEC.NE.O)) .AND.{NGO.EQ.NXGO)) GO TO 1oo a
C IFf NO FACS USED GO DIRECTLY TO 95
ISN 0145 IF(FAC.EQ.0) GO 1O 95
C IF MULT IDENT FAC, GO TO SPEC HANDLING e _ o )
ISN 0147 IF(XFAC{INS,FAC).GT.1) GO TO 49
C CHECK INBUS,FAC SLOT,QUTBUS INTLKS
C NO INBUS CONFLICTS IN X
ISN 0149 BOX=XBOX(FAC) o
ISN 0150 IF(XBXBSY(BOX).EQ.1) GO TO 100
ISN 0152 DO 30 T=1,NSLOT
ISN 0153 IF((XFSLOT(FAC,T).EQ.1).AND.(XFACSC(1,FAC,T).EQ.1)) GO TO 100
ISN 0155 30 CONTINUE
ISN 0156 0BUS=XFUBUS (FAC)
1SN 0157 DELAY=XFDLY(FAC) ) o
ISN 0158 IF{{XDBUS{INS,080S) .NE.O) .AND. {XBUSSC(1,0BUS,DELAY) . .NE.O))
X GO TO 100 o L
ISN 0169 TF{(XOBUS(INS,08US+1).NE.O).AND.(XBUSSC{1,0BUS+1,DELAY).NE.O).AND.
X ({03US+1).LE.NXBUS)) GO TO 100
C SUCCESS. MARK GO AND SET SHIFT CELLS
ISN 0162 31 CONTINUE _
ISN 0163 XIBBSY(INBUS)I=1
ISN 0164 XBXBSY(BOX) =1 B e
ISN 0165 XBUFFL=XBUFF{INS,1) )
ISN 0166 DO 32 T=1,NSLOT
ISN 0167 IF(XFSLOT(FAC,T).EQ.0) GO TO 32
ISN 0169 XFACSC{1,FAC,T)=1 o -
ISN 0170 "XFACSC(2,FAC,T)=XBUFF1
ISN 0171 32 CONTINUE B B - - L B
ISN 0172 XBUSSC(1,0BUS,DELAY)=XOBUS(UINS,0BUS}
ISN 0173 XBUSSC{2,0BUS ,DELAY)=XBUFF(INS,1)
ISN 0174 XBUSSC(3,0BUS ,DELAY)}=XBUFF{INS,2)
ISN 0175 [FXOBUS(INS,0BUS+1).€Q.0) GO T 95 e o e
ISN 0177 IF((DBUS+1) . GT.NXBUS) GU TO 95 -
ISN 9179 XBUSSC{1,0BUS+1,DELAY)=XOBUSIINS,0BUS+1) Au-, e
ISN 0180 XBUSSC(2,0BUS+1,DELAY)=XBUFFIINS, 1)
ISN 0181 XBUSSC(3,08US+1,DELAY)=XBUFF{INS,2)
ISN 0182 GO TO 95
c SPEC ROUTINE TO HANDLE MULT IDENT FAC INTLK S L i
ISN 0183 49 CONTINUE i
C NO INBUS CONFLICTS IN X
ISN 0184 BOX=XBOX {FAC) T
12 ISN 0185 IF{XBXBSY(BOX).EQ.1) GO TO 60
11
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ISN 0187 DO 50 T=1,NSLOT 4
ISN 0188 IF({XFSLOT(FAC,T).EQ.1) . AND.(XFACSC(1,FAC,T).EQ.1)) GO TO 60 S
ISN 0190 50 CONTINUE ?
ISN 0191 OBUS=XFOBUS(FAC) <
ISN 0192 DELAY=XFDLY{FAC) 8
ISN 0193 IF({XOBUS{INS,0BUS) .NE.O).AND,. (XBUSSC{1,0BUS,DELAY) .NE.O)) 6
X GO TO 60 oL
C SUCCESS L o 1
ISN 0195 DO 51 BUS=1,NXBUS et
ISN 0196 51 IF(BUS.NE.OBUS) XOBUS(INS,BUS)=0 S
ISN 0198 GO TO 31
ISN 0199 60 CONTINUE
ISN 0290 FAC=FAC+1
ISN 0201 IF{{FAC.GT.NXFAC).OR. {XFACIINS,FAC).LE.1)) GO TO 100
ISN 0203 GO TO 49
ISN 0204 95 CONTINUE
ISN 0205 XGO(INS)=1
ISN 0206 IFUIXSOR(INSy89) EQ.1).0OR.(XDEST{INS,89).EQ.1)) QGO=QGO+1 -
C IF OP USES NO FACILITIES, AND IS NDT SPECIAL OP THEN IT
C IS A REPLACE OPy AND GOES WITHOUT INCREMENTING NGO.
ISN 2208 IF{(FAC.NE.D) .OR.{SPEC.NE.O)) NGO=NGO+1
ISN 2210 100 CONTINUE o B
C == == = = = = = = EXIT EXECUTION - - - = = = = = = = = = = — = = =
[ CHECK FOR NOGO EXITS TO SET XHOLDT -
ISN 0211 XHOLDT=D
ISN 9212 DO 200 I=1,NXBUF
ISN 0213 IF({XBUFF{1,14).EQ.1).AND.(XBUFF(I,15).NE.1)) XHOLDT=1
ISN 0215 200 CONTINUE ]
C CHECK FOR GO EXIT,LET
ISN 0216 XFRCT=0 . o
ISN 0217 DO 201 I=1,NXBUF
ISN 29218 IF(XBUFF({I,15).NE.1) GO 70O 201
ISN 3220 IF(XBUFF{I,14).NE.1) GO TO 201
ISN 0222 XBUFF{I,14)=0
ISN 0223 XBUFF{I1,15)=)
ISN 0224 IF(XBUFF(1,10).EQ.1) GO TO 202 o e
ISN 0226 201 CONTINUE
ISN 0227 GO TG 300
C FOUND GO EXIT,ET. NOP AND MARK GO ALL CODE BENEATH IT.
c ALSO SET XFRCT, e
ISN 0223 222 XFRCT=1
ISN 0229 IF(I.EQ.NXBUF) GO TO 300 o N o L
ISN 0231 I=1+1
ISN 0232 DO 203 J=1,NXBUF
ISN 0233 XGo{I)=1
ISN 0234 DJ 204 K=1,NXREGS _ o
ISN 9235 XSOR{J,K)=0
ISN 0236 204 XDEST(J,K)=0
ISN 0237 DO 205 K=1,10
12 ISN 0238 205 XOBUS{JyK)I=0
n
10
9
8 Z)C)'7
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ISN 0239 XBUFF(1,2)=0
ISN 02490 DO 206 K=9,415
ISN 0241 206 XBUFF(J,K)=0
ISN 0242 DO 207 K=1,NXFAC
ISN 0243 XFAC(J,K)=0
ISN 0244 207 CONTINUE
ISN 0245 203 CONTINUE ot
ISN 0246 300 CONTINUE u
C - - = - -« - f T T T T T T s T s T T T T T T T T e e zt
C CALL BOSEX TO SAVE .1 BOS CONTROL TRIGGER VALUES.
ISN 0247 CALL BOSEX
C- = = = = = = IF SKIP NOT TAKEN,REMOVE FLAGS FROM ALL OPS THRU 1ST SKIP
ISN 0248 DO 85 I=1,NXBUF
ISN 0249 IF(XBUFF(I,11).EQ.0) XBUFF(1,9)=0
ISN 0251 IF(XBUFF(I,13).EQ.1) GO TO 86
ISN 0253 85 CONTINUE
ISN 0254 86 CONTINUE
Cm = — = = = = = = e m . = = m e = = e e e e m e e = = == -
ISN 0255 RETURN
ISN 0256 END

N

n

=
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LEVEL 5 DEC 66 DATE YS/360 FORTRAN H DATE 67.191/03,52.31 i
COMPILER QOPTIIONS — NAME= MAIN,DPT=02,1 INFCNT=50, SOURCF,FBC )IC N IST,DFCK,1 NANGSMAP,NOEDIT,NQID :
ISN 0002 SUBROUTINE XXEMP ¢
ISN 0003 IMPLICIT INTEGER®2(A-1) 8 3
ISN 0004 COMMON TIME, IPARL, 1PAR2, 1PAR3, i
A AINPT, NABUF, ABUS(50), XINPT, NXBUF, 0
B XBUS(50), LFADD, IFDST, IFRTN, BRXP, e
C BRAP, ER(8), BE(8), ET(8), NBBUF, o
D _AHULDT, XHOLDT, AFRCT, XFRCT, BOSC,
£ BNOP, XEP, AEP, PH1(100), PRINT,
F FSTADD, NODOT NOPSC, NDBUS NADSP, .
G NXDSP
1SN 0005 COMMON/RLS/  FIRST, NAREGS NXREGS, NABUS,
A NXBUS, STATS, ACUN, XCONy AEMP,
B XEMP, MX1D AFULL(12), XFULL(12), AGO(12),
C XGN{12), NAGU, NXGUy NATEST, NXTEST,
D NAFAC, NXFAC o ABUSYZ, ABUSY(200), XBUSYZ,
€ xBUSY{200), ABUFF(12,100),XBUFF(12,100),ASOR(12,200),
F XSUR(12,200),ADEST(12,200) yXDEST(12,200), AFAC(12,15),
G XFAC(L12415)s AFACSC(4915920) yARETy XFACSC (49159200 9 XRETy
H ABUSSC(4y10,20),AIBBSY(10) 4XBUSSC(4510,20),XIBBSY(10),XFIBUS{15),
T AUBUS(L12,10)+XCBUS(12,10)4AFSLOT(15,20)9XFSLOT(15,20),AFIBUS(15),
J AFJLY(15), XFOLY{15), AFOBUS(15), XFOBUS(15), NSLGT,
K ABuPSZy ABUPS(200)s XBUPS(200), ABUFUL(200), XBUFUL(200),
L wlloslo), SOBA(32,2), NQBUF, NOTEST, NQAGL,
M GINPT, QCON, QEMP, MBUSY, MFREE,
N LOAC, MEMDLY, MEMORY(16), NBOX, EAV,
O MXTIME, DUTLVL» 10(4,16), RTN, LONGBR,
P SRI8), STI8), SKXP, SKAP, NSBUF,
U APASS(Z00), XPASS(200), OUT(2), JoBi(6), SSTCP,
K MEMCNT(l6), ASOX(15), ABXBSY(10), XBUX{15), X3XESY (10)
ISL 0006 CLRATNZRLS/  LAST
ISN 0207 INTEGER GUT
ISN 0003 COMMON/TAGS/D(256,170)
ISM 0009 Rt AL MEMCLY,MXTIME
IS 0J19 RLAL TlIMe
ISN Q011 DG 100 INS=1,MXBUF
ISKN 0012 IF(XG(INS) .EdeC) GC TO 100
ISN UOolw Ir(XFULL(INS).EQ.0) GO TO 100
C ISSUE INS
cC-=-=----=- TEST FOR SPECIAL OPS HERE = — = — = — — = — — — — — -
C IF L/5 sAlP 10 QUEUE
ISN ©00l6 TF{{XSCRIINSy39) JNE.1) AND. { XDEST(INS,89).NE.1)}) GU TO 7
ISM 0018 CALL CAUSE(EAV,TIME+1.0+04+0,0)
ISN 0019 In=QINPT
ISN 0020 JINPT=QINPT+1
C SET & LETTER
ISN 0021 GUIN, I)=XBUFF(INS, 1)
12 o SET Q A
n ISN 0022 Ol IN,Z)=XBUFF(INS, 7}
10 C SET @ X
9
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ISN 0023 IF(QUIN,4) oNE.1) Q(IN,5)=1 Y
o SET Q EFF ADD i
ISN 0025 QUIN,7T)=XBUFF(INS,6) e
o SET_Q BOM ¢
1SN 0026 QUIN,6)=MOD(Q(IN,7),NBOX)+1 8
B I ¢ SET Q LOAD s
ISN 0027 IF{XSORTINS,89).EQ.1) Q{IN,2)=1 ot
o SET Q STGRE !
ISN 0029 IF(XDEST(INS,89).EQ.1) Q(IN,3)=1 4
o o SET Q DATA VALID FOR X STORE
ISN 0031 TF{(UlIN,5) . Ede1).AND.{Q(INy3).EQ. L)) QUIN,9)=1
_ISN 0033 IF(Q(IN,2).NE.1) GO TO 88 )
C SET Q DEST FUR LOADS
ISN 0035 DU 8 REG=1,NXREGS
ISN 0036 IF(XDEST(INS,REG).NE.O) Q(IN,15)=REG
ISk 0038 N 8 CunwTINUE
ISN 0039 88 CONTINUE
C IF STORE A, GET DATA OR SET WAIT
1SN 0040 TF({U@(IN,3).NE.1).OR.(QUIN,4).NE.1)) GO TO 7
ISM 0042 IF(SDBA(1,1).NE.L) GO TO 6
C DATA AVAIL
I1Sh 2044 QUIN,9)=1
ISN 0045 bt 50 I=1,31
ISN 0040 SUBAlT,1)=SDBA(I+1,1) -
ISN 0047 50 SUBA(I2)1=SOBA{I+1,2)
SN VU438 SuBal32,1)=0
ISN 0049 SDBA(32,2)=0
ISN 0050 GU T8 7
ISN 0051 6 CCNTINUE
C DATA NOT AVAIL. SET FIRST FREE WAIT BIT
ISN 0052 DU & I[=1,31
1SN 0053 IF{SUBA({I+2}.cQ.1) GO TO 4
ISN 0055 StBally,el=1
ISN QU506 Gu Tu 7
ISN 0057 4 CUNT INUE
ISN 0053 A= 1
ISN G059 B=20000
1SN V060 =192
ISN 0061 CaLl TROUBL(A,B,C)
ISM D062 T ConNTIMUE
C I15S5UE LRANCH OP
ISh 0063 TF{XSUFFIINS,12).NELL) GO TO 200
C IF LUNG oRANCH, SET LONGBR=1 TO INTLK SHORT BRANCH NXTCYC
ISN 0005 LUNGAR=D
ISN 00606 TF{{XDUFF(INS,5) .NE.O).AND. (XBUFF(INS,2) .NE.138)) LONGBR=1
C I1¥ SuCC LUNG BRANCH, SET LONGBR=2
ISh 0063 TF((LOMGBR.EQ.11.AND. (XBUFF(INS,10).tQ.1))LONGBR=2
ISh 0070 200 CONTINUE
C ISSUE SKIP—INCR SKIP POINTER, SET SR
12 ISN 0071 IF{XBUFF(INS,13).NE.1) GO TO 60
11
10
2,(0
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ISN 0073 SR{SKXP)=1 y
ISN 0074 SKXP=SKXP+1 S
ISN 0075 IF{SKXP.GT.NSBUF) SKXP=1 4
ISN 0077 60 CONTINUE :
C __________________________________
ISN 0078 QP = XBUFF(INS,2) i
ISN 0079 REPL=D(0OP,32) ot
C FIRST SET BUSY VECTOR t
ISN 0080 DO 10 REG=1,NXREGS ¢
C IS REG A DEST
ISN 0081 IF (XDEST{INS,REG).NE.1) GO T0 10
C IGNORE STORAGE AS DEST
ISN 0083 IF(REG.EQ.B89) GO TO 10
C DOES XREG HAVE AN XBUREG
I1SH 2085 [F{XBUPS{REG).NE.1) GO TO 9
o CAN THIS OP DO BACK—UP TO FRUNT MOVE.
C I.€E.,IS THIS A T0O X MOVE OR A COMPARE CP.
ISN 0087 IF{REPL.EQ.O) GO TO 9
C TS XBUREG FULL
ISN 0089 IF{XBUFULIREG) .NE.1) GO TO 99
ISN 0091 XBUFUL (REG)=0
ISn 0092 ASUSY(REG)=0
ISM 0093 GU TO 10
ISN UV94 99 XPASS{REG)=XBUFF(INS,1)
ISN 0095 9 XBUSY(REG)=XBUFF{INS,1)
1SN 0096 10 CUNTENUE
C REMOVE INS FROM BUFF
ISN 0097 XINPT=XINPT—1
ISN 0093 M= NXBUF—1
ISN 0099 IF(INS.EQ.NXBUF) GO TO 31 _
ISN 0101 DD 30 I=INS.M
ISN 0102 XGO{I)=XGU(T+1)
ISM 0103 XFULL(T)=XFULL(1+1)
ISN 0104 DU 25 J=1,25
ISN 01CS 25 XBUFF{I,J)=XBUFF(1+1,J}
ISN 0106 DO 26 J=1,NXKEGS
ISN 0107 XSGRIT,J)=XSUR{1+1,J)
ISH 0108 26 XDEST(I,J)=XDEST{I+1,J)
ISN U109 UG 27 FAC=I1,NXFAC
IS8 011V 27 XFAGUI,FACY=XFAC{1+1,FAC)
st o1y DO 28 BUS=1,NXBUS
IS 0112 28 XusUS{I,bBUS)=X0BUSEI+1,BUS)
ISN 0113 30 CONTINUE
ISN Ull4 31 CUNTINUE
ISN 0115 XGC(NXBUF)=0
ISk Olls XFULL{NXBUF)=0
ISN OLL7 00 125 J=1,25
ISN 0118 125 XBUFF(NXBUF,J)=0
ISN 0119 DO 126 J=1,NXREGS
2 ISN 0120 XSOR {NXBUF 4 J)}=0
1Bl
0
9
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ISN 0121 126 XDEST{(NXBUF,J}=0 y
ISN 0122 D0 127 FAC=1,sNXFAC s
ISN 0123 127 XFAC(NXBUF,FAC)=0 9
ISN 0124 DU 128 BUS=1,NXBUS ¢
ISN 0125 128 XOBUS{NXBUF,BUS)=0 8
ISN 0126 GU YO 5 s
ISN 0127 100 CONTINUE 0
ISN 0128 RETURN t
ISN 0129 END 2
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LEVEL 5 DEC 66 DATE YS/360 FORTRAN H DATE 67.177/10.06.47 i
COMPILER OPTIONS - NAME= MAIN,OPT=02,LINECNT=50,SOURCE,EBCDICyNOLIST,DECK,LOAD,MAP,NJEDIT ,NOID :
ISN 0002 SUBROUTINE XXRET M
e LSN_000Q3 IMPLICIT INTEGER#2(A-Z) £
ISN 0004 COMMON TIME, IPARL, IPAR2, 1PAR3, 8
A _AINPT, NABUF , ABUS(50) » XINPT., NXBUF o 2
B8 X8US(50), 1FADD, IFDST, IFRTN, BRXP, ;
L bRAP, ER(8), BE(8), ET(8), N3BUE, u
D AHOLDT, XHULDT, AFRCT, XFRCT, BOSC, ¢
E_BNUP, XEP o AEP PH1(100),s PRINT,
F FSTADU, NODOT, NOPSCy NDBUS , NADSP,
e G NXOSP.. .. . [ e
ISN 0005 COMMUN/ZRLS/  FIRST, NAREGS NXREGS
e e e e __LjnABU_S_:___._._,_ ___S.IA.I.S.I ACON, XCON,
o XEMP, MXUT, AFULLI12), XFULL(12), AGO(L2),
L RGO ) e NAGDs . __NXGUs NATESTe .. NXTEST,. _ .. I
D NAFAC, NXFAC , ABUSYZ, ABUSY(200), X3USYZ,
S E_XBUSY({200)s ABUEF(12,1Q00) s XBUFF(12+100),ASOR(12,200)
F XSURI1£9200) ,ADEST(12,200) 4XDEST(12,200), AFAC{12,15),
. S G XFAC(12415) s AFACSC(4415020) fARETS XEACSC (%, 15,20) ¢ XRET,
H OADUSSCU4,10s20),AIRBSY(10) ) XBUSSE (4,104,201 ,XIBbSY(L0) 4 XFIBUS(15),
- - L AUGUS(L25 10 s XUBUS (125100 g AFSLOTI15520) ¢ XESIOT{15520) $AFIAUSII®) o . .
J AFULY(15), XFOLY(15), AFUORUS(15), XFOBUS(15), NSLOT,
_ K ADUPSZ,  AEUPS3(200).  X8UPS(200). _ ABUEULL200) s X3UEUL(200),s IR i
L tll6yln), SCBA(3Z,2)y  NQBUF, NOTEST, N2GC,
M GINPT, JLUNS QEMP MBUSYy MEREE s
N LOAD, MEMDLY , MEMOKY(16), NBOX, EAV,
- e G MXTIME, OUTLVL, 1Q(4%216), RIN. LONGBR, -
b oSR{8), 3T(8), SKXF, SKAP, NSBUF s
W APaSS{200),  XPASS(200),  0UT(2),  JUBL6)s . SSTOPs _ .. e
MEACNT(16),  ABIX(15), ABXBSY{1C), XBUX(15), X3XBSY(10)
e LSN U006 CuiuN/RLS Y/ LAST
. ISN 0907 [NTEGER CUT
. ISNQQO8 . REAL MEMGLY MXTIME S . _
ISN 0009 “EAL TIME
G USES OBuS SHIFT CELLS TO BUS TO DESTINATIONS. N I
C PERFORMS ANY EXEC ACTIVITY ASSGC WITH RETURN
e FIRST PESET THE WAITING VECTOK
1SN 00lu DULO RUS=EL,NXBUS
s L. L LGNUSE LS FUSES. o ) S S I }
[SN DOLL L lBUS EG.9) J0UR. (BUSLED.6)) GU TL 10
ISN 0013 L 0eSTEXBUSSLL1.86S,1) . . : o e I _
C IF DEST MCT ABU GO HANDLE NUKMALLY
e LSN_0O14 IR (ABUPS(UEST) eiE 1) GG TO 9
C UEST 1S aBU. SEE IF CUORRESP AREG IS BUSY
. < o 1F_Sus RETURN OEST 10 IT. ELSE SET_ABU BUSY. - . . e
1SN 0015 TF(APASS(OEST) olik.0) GO TO 8
ISN 0013 ABUFUL (DEST) =1
ISN 0019 GL TO 10
1”2 [SN 0020 3 _ALUSYIDEST) =0
n IsN 0021 APASS{DEST)=0
0
: _
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e _ISN 0022 9 XBUSY(DEST)=0
ISN 0023 10 CONTINUE
_ C PLACE ANY EXEC ACTIVITY HERE — — — — —
’ C-=-=-=-=-=-- BRANCH EXECUTION = = = = = = = = — = = = = — — ~ - ~ — -
—_— C
C CHECK FOR MCVE OF EHT POSITION
— .___ISN 0024 TE{{OERX o NEal)aURL(OXEPJNELLY)Y) GO TO 200
C MGVE BRXP
e LSN Q026 HRXP=BRXP+1
ISN 0027 IE{BRXP.GT .NDBoUF) B8RXP=1
e L ISN0Q29 200 CLNTINUE e -
ISN 0030 IF((OERALNE L) e CRJ(GAEPJNESL)) GO TO 201
el MUVE BRAP_ -
1SN 0032 BE (BRAP) =0
oo LSN.0033 _ERCLRAP) =0
ISN 0034 ET(BRAP) =0
. ISN. 0035, . _BKAPSERAP+] . e _
ISN 0035 TF(BRAP.GT JNBBUF) BRAP=1
_ ISN_0038_ 201 CUNTINUE o R
C
e LBECK FUR_KESETTING UF BNUP
ISN 0039 Ir({OBNUPEWeLl) e AD {OXEPLEQ.L) )} BNUP=0
C e _
C MAIN BdKANCH EXECUTIUN ROUTINE
ISN 0041 [F(eXBOSNELL) GU_TU_ 250 L R
ISKN 0043 IF{30USSUC.EQR.1) GO TU 240
o ISN un4s TEAUXEPNELL) GG T 230
ISN 0047 IF(UBOSCLEQ.L)Y GO TG 290
O ISN.004Y . Ext0BRXP)=1 _ - . —
ISN CUs0 ET{UBRXP )I=0
ISN 0051 oL TO 290 . ! e o o . ) ~
ISN 0052 230 COUNTINUE
o ISN QO3 b AOBRX2YSY - —
ISN 00%4% T {uprXP)=0
ISN 0055 .. .. GG I0290 . R _ B} U
ISN 0050 240 CUNTINUE
ISN_ 0057 ER({UBRXP)=1 o _— o ~ o S S S J—
ISHN 0J58 eT(U3RXP)=1
ooo__ ISk uusg. e Bue=Y} o
1SN 0069 Gl Tu 210
ISN V061 250 CuiiINUE i - _ R R - - S -
ISN Q062 Ir{udeX JMELL)GE T 290
ISN QUb4 DR GOXErF WnNELLYBU TO 290 0 em o [ . e e —
ISN 0065 [P (Ge0SCetQ.1)60 TO 290
e JISN_QOOS L ERAUBRAXP)S] e
IsN 0069 B {JBERXP ) =0
ISN OUTO 290 CUNIINUE e _ . . B
L L I o T D S L T o T T o o T oo T
e SHIFIS_THE_SHIFT _CELLS I
ISN 0071 D0 99 I=1,10
.
1i
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ISN 0072 XBX3SY(1)=0 £
ISN 0073 99 XIB3SY(I)=0 Y
ISN_0Q74 SLOTML=NSLOT-1 s
ISN 0075 DU 101 J=1,10 9
. ISN.OQT6_ DO 100 SLOT=1,SL0TM] ‘
ISN 0077 XBUSSC(1yJsSLOT)I=XBUSSC{1,J,SLOT+1) 8
ISN 0078 XBUSSC(2,JsSLUT)=XBUSSCI245,SLUT+]) I ¢
ISN 0079 XBUSSC(35JsSLOT)I=XBUSSC(3,JsSLUTH1) ot
1SN 0089 100 CUNTINUE U
ISN 0081 XBUSSC{LsJyNSLOT)I=0 ¢
ISN 0082 XBUSSC(24JaNSLOT)=0
ISN 0033 XBUSSC(3,J,NSLOT)=0
_ISN 0084 101 CGNTINUE e N
ISN 0085 DG 103 J=1,NXFAC
e LSN_00BO DU, 102 SLOT=1,SLUTML
1SN 0087 XEACSC{LydySLOT)=XFACSC(E 4 JsSLET+1)
e JSNLQOBB . AFALSCU23JeSLUT)=XFACSC (22 ) SLOTHLD e }
ISN 0089 102 CUNTINUE
o ISNQU9O _  XFACSCHLlyJ,NSLOT)=0 .
ISN 0091 XFACSC{24J5NSLOT)=0
. 1SN 0092 103 CUNEINUE
ISN 0093 AE TURN i
] e L= m = = = = =1 MTeY TU SET TRIGGERS USED BRANCH EXECUTICGN.— — = = _ o ‘
1SN 0094 UNTRY BOSEX
R ¥ _PRESERVES .1 VALUES UF _VARIUUS RUS CONTROL TRIGGERS . .. e - _
[SN 0095 ULKA=ER(BRXP)
1SN 00350 UELRAZEK (BRAP)
[SN 0097 OBEX=BE (BRXP)
e _ISN_UVY8_ . OsEA=BE(BRAP) —
ISN 0099 GETX=ET(BLXP)
. _ISN wlUY_____ CETA=ET(BRAP) o e e e i
ISN 0101 CoRXP=bRXP
AAAAAAA ISN 0lu2 . CosAPZ3RAP
[Sh 0103 UAEP=XEP
. ISN Ol04_ L UAEP=AEP .
ISN 01U> oNUP=gUP
Y ESTALL ISH AND SAVE TRUE BGSC CONDITION . _
15N 0106
e ISN 0107 CexlI=0 .
ISN 0103 Lii35C=0 a
158 0109 D 300 L=l s NX3UE e o . e e
ISN GL1O LECUXGUFF(L912) ofhal) e AND L (XGO( 1) Eda01) LEUS=] i
_ISN U112 LE(XBUFF(1,14).8E.1) GO TQ 300 R e S
ISN Ull4 IF(LouS.EQel) ColsSC=1 1
e ISN.QUIB _CEXIM=]
ISN 0117 GO T 301
e 1SN_O1l48__ 300 CuNTINUE o _ -
ISN 0119 301 CUNTINUE )
. JABN 0120 UBusC=0
1SN 0121 IF({CEXIT.EQ.O) .AND. { (BOSC.EQ.1).UR.(CBOS.EQ.1))) 0BOSC=1 gggé
1 | .
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SUBROUTINE TSTEP(IEVENT)
IMPLIC!T lNTEGER*Z(A Z)

A CTIME(200), NEVENT(2001},
REAL CTIME
INTEGER#2 IEVENT

ITL=LINKLID)
LINK(ID) lSL

IPARZ KOLZ(ID)
IPAR3=KOL3(1D)
[TEVENT= NLVENT(ID)

. Conway

Archives
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LEVEL 5 DEC 66
COMPILER OPTIONS — NAME=

0002
0003
0004

0005

0006
Q007
0608
0co9
goio
0011
0012
G013
0014
0015
Q016

i 0017

oo1s8
ugls
0020
0022
0023
0024
gc25
0026

317
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SUBROUTINE TROUBL{START,LSTOP,CODE)
IMPLICIT INTEGER*2{(A~-2)

COMMUON TIME, IPAR1,
AINPY, NABUF, ABUS ({50},
XBUS(50), I1FADD, IFDST,
BRAP, ER{8B), BE(8),
AHOLDT, XHOLDT » AFRCT,
BNGP, XEP,y AEP,
FSTADD, NODOT, NOPSC,
NXDSP

COMMON/RLS/ FIRST, NAREGS »
NXBUS » STATS, ACON,
XEMP, MXOy AFULL(12),
XGo(12), NAGO, NXGO o
NAFAC, NXFAC, ABUSYZ,

‘ DATE ¥S/360 FORTRAN H
MAIN»OPT=02 L INECNT=50 SGURCE y EBCDIC y NOLIST yDECKLOAD yMAP yNOEDIT,NOID

I1PAR2,
XINPT,
IFRTN,
ET(8),
XFRCT,

PH1(100),

NDBUS,

NXREGS

XCON,

XFuLt(12),
NATEST,
ABUSY(200),»

IPAR3,
NXBUF,
BRXP o
NBBUF
BGOSC,
PRINT,
NADSP,

NABUS,
AEMP,

AGO(12),

NXTEST,
XBUSYZ,

XBUSY(200), ABUFF(12,100),XBUFF{12,100),ASOR(12y200)»
XSOR({12,200) yADEST(124200) 4XDEST(12,200)

XFACU{12+15)s AFACSC(4,15420),ARET,

AFDLY(15), XFDLY{15), AFOBUS (15),

ABUPSZ, ABUPS{200), XBUPS(200),
Q(L6416), SDBA(32,2)s NQBUF,
QINPT, QCON» QEMP,

LOAD, MEMDLY, MEMORY (16)
MXTIME, OUTLVL » IQl4,16),
SR{8) ST(8), SKXP,
APASS(200), XPASS({200), OUT(2),
MEMCNT(16), ABUX(15), ABXBSY (10),

COMMON/RLS/  LAST

INTEGER OUT

REAL MEMDLY,MXTIME

REAL TIME

INTEGER%2 START,LSTOP,CODE
INTEGER L

DIMENSION SAV(2)
EQUIVALENCE{SAV{1),FIRST)
LCODE=CODE

END=LSTOP
WRITE(65100) TIME
WRITE(6,101) LCOOE

CALL TMTU(OUT(1))
WRITE(6,3333) OUT(1),0UT(2)
IF(END.EQ.1) RETURN
END=END-7

DO 529 K=START,END,8
K9=K+7

DO 528 M=K,K9
IF({SAV(M).NE.O) GU TO 527

MBUSY.,
NBOX »
RTNy

SKAP,

JOB{6),
XBOX(15),

AFAC(12,415),
XFACSC(4915920) + XRET,

ABUSSC{4410,20) 4AIBBSY{10) 4XBUSSC(4,10,920)yXIBBSY(10),XFIBUS(15),
AUBUS(12,10),X0BUS({12,10) ,AFSLOT{15,20) 4 XFSLOT(15,20),AFIBUS{15),
XFOBUS(15),
ABUFUL (200),
NQTEST

NSLOT,

XBUFUL{200),

NQGO,
MFREE,
EAV,
LONGBR,
NSBUF,
SSTGP,

XBXBSY{10) .

DATE 67.138/00.21.01

f
!
l
|
E

i
|
|
!
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S

Q

ISN 0030 5217
ISN 0031
ISN 0032
ISN 0033 529
ISN 0034
ISN 0035 100
ISN 0036 101
ISN 0037 550
ISN 0038 3333
ISN 0039
308
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CONTINUE
GC TO 529

CONTINUE

L=K vy

WRITE(6+550)Ly15AV(J)J=KsKI)
CONTINUE

RETURN:*

FORMAT(TH TIME =,F8.2)

FORMAT(7H CODE =,18)

FORMAT(1X 16, 8(2X [8, 4X ))
FORMAT{19H TIME/DATE OF RUN =,2{1X28))
END

i
{
|
4




ISN 0002 SUBROUTINE CAUSE(IEV,T,IP1,1P2,IP3)

k) ISN 0003 IMPLICIT INTEGER¥2(A-2)
i ¥ i A by e
INTEGER#*2 I[EV,IPlyI1P2,1P3
, Cc CAUSE ENTERS EVENTS ONTO CALENDAR
5 C [TL IS LOCATION OF FIRST EVENT IN CALENDAR
5 o i % A R * g
C " LUOP UNTIL GIVEN TIME IS LESS THAN NEXT ENTRY IN CALENDAR
ISN 0009 10 LAST=NEXT
ISN 0010 NEXT=L [NK{REXT)
, ) O AE ‘

LINK(10)=NEXT _
SEE IF THIS EVENT WILL BE THE FIRST IN THE LIST

IF(NEXT.EQ.ITL) GO TO 40

LINKILASTI=1D

CTIMECID)=T
NEVENTUID)I=IEV
KOL1(ID)=1P1
KOLZ{1D)=1P2
KOL3(1D)=1P3

s RETURN.

740 1TL=ID_
- .60 YO 30

END

m
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/ ST e )
) ~ ey ;8 WY % .(
— T T rT T T - - - =TT T === - S TAUCATTON PROGRAT ===
D INPUT PROGRAN FOR THIS RUN = MM-MS

TIME/DATE OF RUN =

5A63C

E76 Q0267271F

THACHINE PARAMETERS FOR THTS RUN =

=\ 2. ()NUMBER OF Q BUFFERS

JNUMBER OF A BUFFERS = Q' (PNUMBER OF X BUFFERS = 8

‘DNUMBER A OPS TESTED = % b @\JU?‘”ER X _GPS TESTED = % 2 (B)NUMBER Q OPS TESTED = 8

YMAX A 0PS ISS/CYCLE = N2 ©HAX X aps [SS/CYCLE = 3, 2G)¥AX Q OFS ISS/CYCLE = 2
\

DAINIMUY G-MEM DELAY = 5.\0

) NUMBER OF BOMS = B ‘.

)t BER BRANCH REGS = 3 (DNUMBER OF SKIP REGS = 4 (DSIZE OF D0 TABLE = 6

DNUSBER OF PSC REGS = 8. -

DNUIER DISP suses (a0

YMAX A 0ORS DSP/CYCLE —\t\ @~4Ax X 0PS DSP/CYCLE

30

——— N ?
A FRCIUTTIES = = FAl 171D o C ST
TREPTTIHE TR 1 210 I I | S
DELAY TIHME = 3 5 15 1 2. \Z %o
INBUS = 2 "2 2 1 ‘é\" B
-80x = 1 ®«3 %2 W\ wz ¥z sz
aaTaus = 2 L 1 3 7
X FACILITIES - - EAl EA2 L S M- D XA c sp
REPTIHE = T I I T2 B 1 I I
ES)ELAY TIME = 1 1 1 1 4 ti, 1 1 1 -
87 = 1 Z 3 ¥ O R/RIET TEY TEI LRI |3
f3Us L = 5 6 1 3 2 2 7 10 3 32|

' : L. Conway
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IBM CONFIDENTIAL

" Figqure 2-3. 'The Parameter Card Format

- MIN

_TYP

- FSTADD

LI :
PR T R

PARAMETER MAX COLS
(0)- TPBNAME 1-6
@ NABUF 1 - 8 12 9-10
(@ NATEST 1 8 NABUF | 11-12
G NAGY 1 3 3 | 13-14
@ NXBUF 1 3 12 15-16
@ NXTEST 1 3 NXBUF | 17-18
® NXG@ 1 3 3 19-20
@ NQBUF 1 8 16 .21-22
NQTEST 1 8 16 23-24
® NQG@ 1 2 NB@X 25-26
NB@X 1 8 16 27-28
(@) NBBUF 1 3 8 29-30
(> NSBUF 1 4 8 1 31-32
- (3 NgDGT 1 6 16 33-34
@4 N@PSC 0 8 8 35-36
@) NDBUS 1 2 2 37-38
@ NADSP 1 4 NABUF 39-40
(7)) NXDSP 1 3 NXBUF .41-42

MXTIME 300. 0 - 60-66 (F7.1)

{® MEMDLY 2.0 5. 0 - 68-71 (F4.1)
@UTLVL 0 1 3 73-74
0 o | = 76-80

R

2L
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i 3y I CospredX™ o Fe s f
’ | DT TR ) e
) ey D WY N |
=TT = s o T ==T o == = = SR ACSST WP STAULATTON T PRUGRAN ===

INPUT PROGRAM FOR THIS RUN = MM-MS

TIME/DATE OF RUN = SA63CET6 0067271F

AACHINE PARAMETERS FOR THIS RUN = = =

NUMBER OF A BUFFERS = Q' NUMBER OF X BUFFERS =\2. NUMBER OF Q BUFFERS = 8
NUMBER A OPS TESTED = R b NUM3ER X GPS TESTED =\3\z NUMBER Q OPS TESTED = 8
MAX A 0OPS ISS/CYCLE =\-‘"‘4 MAX X OPS ISS/CYCLE = ‘z\":-» MAX Q OFS ISS/CYCLE = 2
\ . L 3

MINIMUA Q-MEM DELAY = 5.0

NUMBER OF BGOMS = B =
_ N"MBER BRANCH REGS = 3 NUMBER OF SKIP REGS = 4 SIZE OF DO TASBLE = 6
NUMBER OF PSC REGS = -gi--

NUM3ER DISP BUSES =) '

MAX A ORS DSP/CYCLE =™ MAX X OPS DSP/CYCLE = ,

3‘\ " - N

MW
—————— A_'_. PO . ?“
. A FACILUTTITES = = FAL ' [ D TA M 1D C L S U
REPTIIHE Tz A ¥ B CA Q<! 210 1 1 I 1

 DELAY TIME = 3 e 2 s 15 1 %2 W2 %2

INBUS = B —3 1 I 2 2 I 273 I

80X = 1 3 X3 2 &3 %3 Wl wz ¥z sz
o00T8US = 2 rA £ ? R 3 1 3 7

X FACILITIES ~ - EAL EA2- L S M D XA C sP

REP TIRE = I I { I 7 8 I I [ _

PeLay Tree = 11 1 1 4 g 114 223

BoxXT - TTE S L L T t-Conway

0 us . = 5 6 1 3 2 2 7 10 3 Archives




LEVEL 14 ( 1 JUN 67) 0S/360 FORTRAN H- DATE 68.089/09.18.20 c()
y 4
| COMPILER OPTIONS — NAME= MAIN,OPT=00,LINECNT=56,SOURCE,EBCDIC,NOLIST DECK,LOAD,MAP,NOEDIT, 1D, NOXREF s
ISN 0002 SUBROUTINE INIT 9
3 ISN 0003 IMPLICIT INTEGER*2(A-1) . )
ISN 0004 DIMENSIGN COM(300) 8
ISN 0005 DIMENSION SAV{20300) o ~ 6
b} ISN 0006 TCOMMON T T T TTTIME, T TIPARL, T T TT1PARZ, IPAR3, T o)
A AINPT, NABUF, ABUS (50}, XINPT, NXBUF, i
B XBUS(50), 1FADD, 1FDST, IFRTN, BRXP, o
) C_BRAPy  ERIB), BE(8), ET(8), NBBUF o B _ A0
D AHOLDT, XHGLOT, AFRCT, XFRCT, BOSC,
) . .. E BNOP,  XEP, AEP, m_ _PH1(100),  PRINT, _ )
A F FSTADD, NODOT, NOPSC, NDBUS, NADSP, s
o ewose ot T EXﬁMP‘-E ofF WMIT
, ISN 0007 COMMON/RLS/ FIRST, NAREGS, NXREGS, NABUS» —— )
oo A _NXBUS, _ STATS, ACUN, _XCONy,  AEMP, R
B XEMP, MXOy AFULL(12), ~XFULLI(12), AGO(12),
] C XGO(12),  NAGO,  NXGO, NATEST, NXTEST, MO bl F QCA-T( ON’S T 0/
3 D NAFAC, NXFAC, ABUSYZ,  TABUSY(200), XBUSYZ, @
o _E _XBUSY(200), ABUFF(12,100)9XBUFF(12,100),ASOR{12,200); o
F XSOR(12,200)+ADEST(12,200) yXDEST(12,200), AFAC(12,15),
3 G XFAC{12,15), AFACSC(4515,20),ARET, XFACSC(4,15,20) 4 XRET, C HANGE FAC l\..T\‘I,,,,,,,, O
H ABUSSC{4+10,20) yAIBBSY{(1G) s XBUSSC(410,20),XIBBSY{10),XFIBUS(15),
3 , 1 ADBUS{12,10),X0BUS(12,10),AFSLOT(15,20) 4XFSLOT(15,20),AFIBUSI15), ) o
J AFDLY(15), XFDLY(15), AFOBUS(15), XFOBUS(15), NSLOT,
- K _ABUPSZ, _ ABUPS(2C0), XBUPS(20C), ABUFUL(200), XBUFUL(200] 1 S Tt(.vg'r()&& s
L Q(16,16), SDBA(32,2), NQBUF, NQTEST, NQGO, :
3 o M QINPT,  QCONy QEMP, ‘MBUSY, MFREE, O .
N LOAD, MEMOLY, MEMORY(16), NBOX, EAV, :
0 MXTIME, QUTLVL, 1Q(4416), RTN, LONGBR, N 3
3 P SRI(B), STi8), SKXPy SKAP, NSBUF, O-
B ~ Q APASS{20CC),s XPASS(200), OUT(2), JOB(6)y  SSTOP, ) - L i B
R MEMCNT(16), ABOX(15), ABXBSY(10), XBOX(15), X8X8SY(10)
3 ISN 0008 COMMON/RLS/  LAST O
ISN 0009 INTEGER 0QUT
ISN 0010 REAL MEMDLY,MXTIME N
3 © ISN 0011 REAL TIME £
1SN 0Cc12 COMMON /CALNDR/ o ISL, _ITL, ... LINK(200), - _
A CTIME(2C0), NEVENT(200), KOLL{200), KOL2(200), KOL3(200)
) ISN 0013 REAL CTIME
ISN 0014 REAL X
) ISN 0015 INTEGER I
3 ISN G016 COMMON/TAGS/D{256,70) t
ISN 0017 EQUIVALENCE(COMIL),TIME) 3 (X,CTIME(L)) o o o -
ISN 0018  EQUIVALENCE(SAVIL),FIRST) o
J c .
C
C ZERD ALL COMMON
> ISN 0019 T ‘DO 520 1=1,300 ) T i &
12 ISN €020 520 COM(I)=0 p—
i ISN 0021 DO 525 1=1,20000 o
do  ISN Q9922 525 SAV(I)=D o
9 ISN 0023 T 526 CONTINUE 0 T T T e - - ) )
s [
> 32 c . J
E __g_“ INITIALIZE THE CALENDAR o o .
5
3. L. Conway O
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PAGE 002 £
) O
ISN 0G24 DO 92 ITL=2,199 s
ISN 0025 92 LINK({ITL)=ITL+1 9
ISN 0026 IsL=2 ¢
- ISN 0027 iTL=1 8
ISN 0028 X=1.0E30 6
b) TSN 0029 TIME=0.0 : (i)
C bt
C it
b c_ INITIALIZE THE EVENT NUMBERS O
ISN 0030 STATS=1 N T
1SN 0031 MX0=2 - o
) ISN 0032 ACON=3 T - &)
1SN 0033 XCON=4 B
ISN 0034 AEMP=5 T
b ISN 0035 XEMP=6 O
ISN 0036 ARET=7 - T
ISN 0037 XRET=8
) ISN 0038 EAV=9 ]
ISN 0039 QCON=10
TSN G040 QEMP=11
)} ISN 0041 MBUSY=12 i - Q
TUUTTISN 0042 MFREE=13" T T T - - T
ISN 0043 LOAD=14 -
3 TSN 5044 RTN=15 o T - T o
o
C
2 C SET UP STARTING EVENTS =)
- “ISN 0045 o CALL CAUSE(STATS,TIME+0.0,0,0,0
ISN 0C46 CALL CAUSE( ACON,TIME+0.1,0,0+0) B )
3 T ISN 0047 CAUL CAUSE( XCON,TIME+0.1,0,0,0) T (&)
ISN 0048 CALL CAUSE( QCON,TIME+0.1+0,0,0)
ISN 0049 CALT TAUSE( MXO +TIME+0.6,0,0,0)
- ) o c o ) (]
e e I
C INITIALIZE THE MACHINE PARAMETERS o )
= ISN 0050 T 8RXP=1 ' vty e - ) B ) Q
ISN 0051 BRAP=1
- 1SN 0052 SKXP=1 B
e ISN 0053 SKAP=1 _ O
ISN €054 NAREGS=90 B
ISN 0055 NXREGS=90 - ,
D UISN 6056 T CAINPT=1 . i T I O
ISN 0057 QINPT=1
- TSN 0058 XINPT=L T
o ISN 0059 DO 50 I=1,32 S ~ Q
TISN 0060 CTABUPSLI)=L B T B )
ISN 0061 50 XBUPS{I)=0 B
® O ISN G062 T T DO ST [=33,89 N - T - N o ) ®
12 ISN 0063 ABUPS(1)=0
0 TSN 0064 51 XBUPS(I)=1 N
= 2N ISN 0065 NSLOT=15 O
9 TTUUUTUINITIALTZE AFAC TABLES
._a___ ISN 0066 NABUS=6 o
3 7 T ISN 0067 T TTTTTTNAFAC=10 T - - - T TTTrTm T T T T :
: 329§ i
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PAGE 003

) "0
ISN 0068 DO 10 1=1,10 s
ISN 0069 10 AFSLOT(I,3)=1 9
3 ISN 0070 DO 9 J=4,9 @
ISN 0071 9 AFSLOT(4,d)=1 8
ISN 0072 AFSLOT(6,4)=1 6
) ISN 0073 DO 8 J=4,12 ot
ISN 0074 8 AFSLOT(7,J)=1 1
ISN 0075 AFDLY(1)=3 z
b ISN 0076 AFDLY(2)=4 -
ISN 0077 AFDLY(3)=3
ISN 0078 AFDLY(4)=9
b ISN 0079 AEDLY(5)=2 (%)
ISN 0080 AFDLY(6)=5
ISN 0081 AFDLY(T)=15 -
) ISN 0082 ~ AFDLY(8)=1 - ) o S,
ISN 0083 AFDLY{(9)=1
~ ISN 0084 AFDLY(10)=1 o
3 ISN 0085 AFIBUS(1)=2
ISN 0086 AF1BUS(2)=}
ISN 0087 AFIBUS(3)=3
). _IsN o088 _AFIBUS(4)=1 ) B . R - -
1SN 0089 AFIBUS(5)=1
1SN C090 _AFIBUS(6)=2 e - I _ - -
) ISN 0051 AFIBUS(T)=2 o
ISN 0092 AFIBUS(8)=1
ISN 0093 AFIBUS(971=2 :
3 __ ISN 0094 _AFIBUS{10)=3 - . o _ S _ o I -
ISN 0095 AFOBUS(1)=2 i
... ISN 0096 AFOBUS(2)=1 ) o SR :
b ] ISN 0097 AFOBUS(3)=4 :
ISN 0098 _AFOBUS(4)=3 , :
ISN 0099 AFOBUS(5)=2
> __ISN 0100 AFOBUS(6)=4 o o ] - i Be
ISN 0101 AFOBUSTTI=4
_IsSN 0102 = AFOBUSI8)=6 ] I ) . _ o
3 ISN 0103 AFOBUS(9)=1 &
N ISN 0104 AFOBUS(10)=3 o _
ISN 0105 ABOX(1)=1 .
3 ISN ¢106 ABOX(2)=2 L B . )
1SN 01C7 ABOX(3)=3
ISN C108 ABOX(4)=4 e _ L
) ISN 01C9 ABOX(5)=2 . Q
. _IsN 110 ABOX{(6)=4 _ . — }
h ISN 0111 ABOX(T)=4 .
> ISN 0112 ABOX(8)=5 S o o o i i
ISN 0113 ) ABDX(9)=6
ISN 0114 ABOX(10)=7
» Y INTTTIALTZE XFAC TABLES =]
12 ISN 0115 NXBUS=10
n ISN 0116 NXFAC=9 )
doo ISN 0117 DO 11 I=1,9 .
9 ISN 0118 T11 XFSLOT(I,2)=1
8 ISN 0119 XFSLOT(5,3)=1
»7 IsN 0120 T D0 12 1=3,9 Q
: 326
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PAGE 004 :
) O
ISN 0121 12 XFSLOT(6,1)=1 5
TSN 0122 XFDLY(1)=1 g 1
» ISN 0123 XFOLY{2)=1 @
ISN 0124 XFOLY(3)=1 s
ISN 0125 XFDLY(4)=1 A FACLATIES © s
) ISN 0126 XFDLY(5)=4 L)
ISN 0127 XFDLY(6)=8 i
ISN 0128 XEDLY(71=1
) ISN 0129 XFDLY(8)=1 e REP TIME — ﬁFS_LéT(I 3‘. G
ISN 0130 XFOLY(9)=1
, ISN 0131 XFOBUS(1)=5 DeELAY TINE => AFDLY (3) o
ISN 0132 XFOBUS (2)=6
ISN 0133 XFOBUS(3)=1 INEVS ———— AR IQUS (3)
ISN 0134 XEOBUS(4)=3 .
) ISN 0135 XFOBUS{5)=2 Cox ——> A&,‘K 1) ©
ISN G136 XFOBUS(6)=2 B P
, ISN 0137 XFOBUS (7)=7 AFSLeT(3,4) =1 VT8V —Pp AFGLs (1) ®
ISN 0138 XFOBUS(8)=10
ISN 0139 XFOBUS(9)=8 AFSLOT (M i0)2 )
ISN 0140 XBOX(1)=1 AFDLEY(3Y =4
Y  ISN 0141 ___XBOX(2)=2 o BN Y 2 YRTCLYE N T T I . O
TSN 0142 XBOX (3)=3 AE DLy (d) =2
ISN 0143 X30X (4) =4 X FAaciuines )
) ISN 0144 XBOX(5)=5" """ T TTAtoww(0Y =T %)
ISN 0145 XBUX(6)=5 AEsrrlty—= 2 i
TSN 0146 XBOX(71=6 = 2
) ISN 9147 XBOX(8)=7 I ABayx () 2 3 REP MME = KFS\-ﬁf CI.‘S) 8.
ISN 0148 XBOX{9)=8 - _ _ z
- _ISN 0149 NAFAC=11 ABox (Y =13  DeLavy Tme=» Y\FD‘-\I (1) 92
] ISN 0153 NABUS=7 T  ABo- -
ISN 0151 AFDLY(11)=1 Ar“_g" =3 Box — )63!)5 (2) g
R ISN 0152 AFIBUS(11)=1 Alox sy =% e XEg8us (T o
ISN 0153 AFOBUS(11)=7 - vT8u S —y .4« 115 ( s .
ISN 0154 ABOX(11)=8 h‘&‘*g\“'_"' ovtT ®
1SN 0155 AFSLOT(11,3)=1 . paeexOenn=z | o _
> ISN 9156 Bi39,10=1 - &
ISN 0157 D(39,2)=1 ) - Agex (w) 22
1SN 0158 D(39,117=1 Y .
) ISN U159 D(39,13)=1 X Sox (‘t\» 3 N ) i Y.
T ISNT 916D D(39,171=1 T X'G"ox (,S ) =3
ISN 0161 D(39,30)=0 .
» " IsN0l162 vU39,30=1 7 b SV E Y - - - O
ISN 0163 D(39,66)=1 -1 =7
> ISN 0164 AFDLY(1)=4 X8 (P)=3 5
ISN 0165 AFDLY(3)=4 = I
—— N REDLY (R ots - . . x8ox(V=X  }
ISN 0167 AFSLOT(3,4)=1 X Bve(1) =3 ) o
» TSN 01638 DUTTTI=SEy 15 )
12 ISN 0169 AFSLOT(4,J) =1
n TSN 0170 AFSLOT(T,J)=1
Po ISN 0171 7 CONTINUE ) o Q
5 ISN 0172 NSLOT=18 —— -
8 ISN 0173 .-Kﬁ-URN - __
t ISN 0174 277 END QFQSH—I_-'S‘;“ +o _"35+—f7&_‘0 F F & 2‘. """""" (3]
5 t
5 = D561 W $o chengn OF DECIDE
b . Conway DI 51D
: Archives ! ~ TAGS
2 9 conTInVE el




S A et et L L S e et o L T TP U

¥ »
" -

Da(;a:
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ru.g address):
‘/
Y jept.& Bldg.:

‘Felephone Ext.:

November 29, 1967
Advanced Computing Systems

Menlo Park, California _ '
355,/051 | TRV

Subject:

Reference:

To:

g

Cover Letter for Preliminary Distribution of Logical Design Memorandum

Mr. S. F. Anderson Mr. R. J. Robelen -
Mr. B. O. Beebe Dr. H. Schorr

Dr. C. V. Freiman Dr. E. H. Sussenguth
Mr. M. E. Homan Mr. W. P. Wissick

Mr. B. J. Mooney

A memorandum describing basic ACS logical design conventions is
enclosed.

On joining ACS engineering, I found that there was no single convenient
source of this information., Some of the information was not documented
in any available references. R

Since most of the designers use different notations and conventions, it
proved to be a surprisingly time consuming and confusing process to
learn the precise details of this very simple basic material. Many of
the designers related to me that they had had similar initial experiences.

At that time I made some notes for my own personal use. I have since
formed these into a memorandum in the hope that it might prove useful
to other newcomers to ACS engineering. It might also be useful to
members of other ACS departments.

If you have any comments, criticisms, or discover any errors needing
correction, please contact me about them. I will then be able to get
the memorandum into shape so that it might be useful during the coming
expansion of Dept. 988. ‘

’ ' : L. Conway
LCaw - ’ -
2329
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November 29, 1967
Advanced Computing Systems
Menlo Park, California

988/031
Subject:  ACS Logical Design Conventions: A Guide for the Novice
References: 1 ACS Circuit Manual, February 23, 1967.
2. ACS Packaging Manual, July, 1967. .
3. DRKS User's Manual, R. T. Blosk, December 5, 1966.
4, McCluskey and Bartee, A Survey of Switching
Circuit Theory, McGraw-Hill, 1962.
To: FILE
0{. @chy/
L. Conway
LC:aw
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Introduction: ' : L ' o 1-1

This memorandum describes the various rules and conventions for —
ACS logical design. The material presented is elementary in nature, but
is basic to all ACS logical design. :

A description is given of the logical functions of the ACS circuits available

to the designer and of the various rules governing the use of these circuits

in logical design. A number of different notations are in current use for
writing the logical equations for these circuits and for drawing the diagrams of
logical circuitry. Some of these different notations are illustrated and :
explained. Elementary logical design--~the transformation from equations

to circuits--is briefly described.

If we were designing in AND-OR logic with few restrictions, this memorandum
would be unnecessary. However, we are usually designing with NOR-NOR

or NOR-OR logic. The physical properties of the circuits force a number

of restrictions in addition to simple fan-in and fan-out rules. The fact

~ that designs eventually input a Design Record Keeping System (DRKS)

has produced additional conventions and design notation.

These factors have led different designers to use different conventions

for writing logical equations and drawing logic circuit diagrams, and

to use different logical design techniques. It is true that at the time
designs are input into DRKS, they all will be described in the same

formal system. However, up to that time most designs will exist in

the form of equations and diagrams in the "shorthand" of the originating
designer. The newcomer may therefore become confused when attempting
to decipher the designs of different engineers until he fully understands
the fundamentals from which their different "shorthand" techniques
originated. '

These fundamentals are presented in this memorandum in the hope that
they may assist the newcomer to ACS engineering in his first design
efforts and serve as a reference for those outside of engineering who may
wish to study some particular logical design in detail.,

The newcomer should also study the listed references before undertaking
any serious design. This memorandum was formulated from these -
references, but does not attempt to cover many important topics contained
in them. Of particular importance is the information on circuit delays

in the ACS Circuit Manual and information on wiring rules in both the
ACS Circuit Manual and the ACS Packaging Manual, The DRKS User's
Manual specifies the final form in which designs are to be placed,

2750
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The ACS Logical Circuits: S _ ] 2-1

This section describes the logical functions of the circuits and conndctions
avalilable to the ACS logical designer. Truth tables and equations are

given describing the logical functions. The various conventions, restrictions,
and limitations of each circuit are listed. ' -

The truth tables use O and 1 as symbols, and these are related to the
actual physical voltages in the circuits as follows: . 1 symbolizes positive

(or ground), and O symbolizes negative voltages.

The Current Switch:

AIBIXI|Y
A ololl1[o
oli1llol1
B 1lollol1
1{1llol1

I
+
o

*

Note the significance of the positions in the circuit symbol of the outputs

X and Y. The top output X is the NOR of the inputs, and is often called

the "out of phase" output., The bottom output Y is the OR of the inputs and
is often called the "in phase" output. Note that Y = X. '

Fan-in: Current switch inputs are outputs of emitter followers or emitter
follower dot circuits (see description of e.f. dot later in this section),
The maximum number of inputs for a given current switch is a function

of the maximum fan-in of those e, f. dot circuits forming the inputs. This
function is as follows:

. A Max. Current Switch Fan~in
12 | S
10
8 —
6 .
: 332
: > L. Conway
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2-2

For example, if the e.f. dots feeding a current switch had no more than
two inputs each, then the current switch would have a maximum fan-in

of 12. However if one of the e.f, dots had a fan-in of five, then the
current switch would have a maximum fan-in of five,

Fan-out: The outputs always pass through emitter followers. The fan-out
is thus determined by the fan-out of the emitter followers. The maximum
fan-out of the emitter follower (emitter follower dot) is 12. See emitter
follower dot description later in this section,

The Orthogonal Collector Dot:

A oCcD
X
B
< A B C X
010 0 [|N.A.
0 -O 1 |[IN.A.
’ 1 O O N. Ao
Orthogonality Restriction: 1 0 1 0
.. No two inputs may be i i -(1) 0
¥* 0 (negative) 1

(N.A. =not allowed)
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- The orthogonal collector dot is the connection of collector outputs of
current switches (the in phase outputs) before passing through an emitter
follower. This connection performs the AND function--with the important
restriction that no two of the inputs may be simultaneously negative. This
is called the orthogonality restriction. In the above three input case
the restriction requires that: A-B+AC +B-C=1,

The ultimate physical restriction is somewhat weaker than the stated
logical orthogonality restriction. A maximum time of .5 ns of non-
orthogonality is allowed, which covers variations in signal delays. See
Reference 1, Page 2.

Fan-in: <5

Fan-out: See fan-out for current switch. Same description applies here.

The Emitter Follower Dot:

A o

J X
A B X

olo Ilo

ol1 |1

B 110 |1

111 |1

X =A+B

The emitter follower dot circuit is the "dotting" or connection of current
switch outputs A and B after their emitter followers. The function performed
is OR with no restrictions except fan-in and fan-out. Note that we might
have a line connected to an e, f. dot which came from an emitter follower
which followed a collector dot.

~

Fan«in: < 5 ' - =

»

Fan-out: <12 (try for <8)

A
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Note: The meaning of "dot" in orthogonal collector dot and emitter follower
dotis is that the inputs are actually wired or connected together. Thus the
O.C. Dot and E. F. Dot are not circuit elements, but are connections of
wires which perform particular logical functlons on the signals carried by
those wires due to their locations in the circuitry (see Reference 1),

Therefore we cannot think of applying the same input to two separate dots.
For example, the following diagram is incorrect for it shows B as an input
to two separate E.F. Dots, treating these dots as independent circuit
elements and expecting that X =A + Band Y=B +C:

Since the E.F. Dot is merely a connection of the inputs, the only possible

interpretation of the E.F. Dot of A, B, C is that they are all wired together
as follows:

B f} . 7z = A+B+C
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Logic Equation Conventions ' A , 3.1

Most beginning logical designers will have had considerable experience in
design using AND, OR, and COMPLEMENT "gates" as circuit elements. It
is natural for the designer to write logical equations for such designs using
AND, OR, and COMPLEMENT logical operators. The primary content of
switching theory consists of operations on logical functions expressed using
these operators.

However in ACS the actual logic circuit implementation of a design is usually
in NOR-NOR or NOR-OR logic.

It turns out that the usual OR-AND or AND-OR formulations of logic equations
can be easily transformed and converted directly to the corresponding
NOR-NOR or NOR-OR circuitry (see Section 5 for these techniques).

Therefore, for convenience most ACS designers express logical functions
using OR, AND, and COMPLEMENT logical operators. The usual
minimization techniques of switching theory may then be applied to these
formulations before transformation into the final NOR-NOR or NOR-OR
form (the circuit diagram itself). .

The following different symbols for the logical operators are currently
in use by different ACS designers:

AND(A,B): = A-B=AB-=AAB
OR(A, B): = A+B=AVB
NOT(A): = A=A'=-A

These variations in basic operator symbols from one designer to another
should cause the newcomer no confusion. ~ e

There is one practice, stemming from the ultimate NOR-NOR or NOR-OR
implementation of logical functions, which will definitely cause the newcomer
confusion if it is not fully understood. It is a common practice in ACS to

use two different symbols for complement in the same logic equations., Thus
we may see both A and -A, or perhaps even -A in some equation. The

reason some designers use both forms derives from the inversion of variables
when using NOR-OR logic. One symbol is usually reserved for true logical
complements and the other symbol (usually -) is used to mark variables

or expressions which are complemented because they are at an intermediate
point in the logic (see Section 5). '
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- It is easy for the newcomer to think that -A must mean something other

than A, perhaps having something to do with negative voltages. -This
happens easily because some designers also mark uncomplemented variables
with + in some cases (using the symbol V for OR).’

However, remember that -A is equivalent (logically) to A, and that +A
is equivalent (logically) to A. Some designers might argue otherwise,
but that is because they have attached some additional heuristic values
to these different symbols for complement in order to aid their design
efforts. Thus, any difference between -A and A is only a heuristic
difference, not a logical difference.

For example, the following equations all equate X with the same logical
function of A, B, C:

X = A-B.C
-X = AoBoa

+X = -(A.B.C)

After gaining some experience with NOR-NOR and NOR-OR circuit
implementations of logical functions, the newcomer may find that it
aids him in his design efforts to use + symbols in addition to the usual
complement symbol,

It is not necessary to use these extra symbols and the corresponding
heuristic techniques. They may assist those designers who prefer to
design in an informal manner. One may, alternatively, design in a

formal manner without ever using heuristics. However, all ACS designers
should know about the techniques used by other designers and the resulting

-additional notation so that successful communication is possible between

different designers.
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Logic Circuit Diagram Conventions v . S 421

A number of different conventions are in current use for drawing logic
circuitry composed of ACS circuits, Different designers may use
different symbols for the basic circuits. Some designers indicate emitter
followers while others do not.

Two methods are shown below which serve to illustrate some of the possible
variations in circuit diagram techniques. The two methods differ primarily
in the way in which the orthogonal collector dot is symbolized, When the
O.C.D. is symbolized by a labelled block, it is not necessary to indicate
emitter follower positions. However, if only a simple dot is used to ,
symbolize O.C,D., then it is necessary to show emitter follower positions
(symbol: Q) in order to avoid confusing O, C.D. with emitter follower dot.

Method I Method IT

Ex. (i) —_— .
OCD A
EX. (ii) _ I
£\
33%
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Ay O— X A

Ex. (iii) Ag —— A AT
A3 , Ag |
Bl B - Bl B </\
Bg - By
Dl D Dl D C,/\
Dy ocp [© ] Dg —
Bl —m /7 Eq
B — g Eg — E
Eg E3
A = Al . Kz 33
B = B1 . B2
D = Dl + D2
E = = .E‘.1 + E2 + E3
C = D-E
X = A+B+C =A+B+D - E

3)

In the examples shown above, the basic symbols for the current switch are

all the same. Sometimes, however, designers will place a letter inside the
current switch symbol to indicate the logical function that it performs. This
practice may lead to considerable confusion for the newcomer for two reasons:
(i) different function names are often used for the current switch by the
same’designer, (ii) the output phase of the switch to which the name refers

is usually assumed to be obvious and is not explicitly indicated, Let us study
these conventions in some detail to avoid confusion, .

339
L. Conway
Archlves




4-3

A_—-_— ————

B — Y

For the current switch shown, the output Y equals the OR of the inputs A, B:
Y Y=A+B
Suppose we complement both sides of the equation to yield:
Y=A-B
We thus find that the complement of Y equals the AND of the complements of
A,B. Now, even though this equation expresses Y as the same function of
A, B, many designers call this the "MINUS AND" function. Thus one may

see different current switches in the same circuit diagram labelled in both of
the following ways: '

These circuit symbols both stand for current switches and both perform
exactly the same logical function on their inputs. Some designers choose

to view them differently depending on whether or not complemented variables
appear as inputs. This is another heuristic aid to the designer. Clearly it

is not necessary to view the circuit element in these two different ways. It is
just that some designers find that this technique assists them in their design
efforts. Note that the output phase in the above examples to which the function
name applies is found to be the "in"phase. This is not explicitly indicated,
but is "obvious" because of the known function of the switch. This sort of
duplicate naming can be carried further if desired. For example:

] —— X
. -Al
B ‘ , C
ey Here we have named the function as "MINUS AND INVERT" The meaning is
that the output X is the complement of the MINUS AND function. - AL o
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This duplicate naming of functions may sometimes be applied to the other
circuit connections. The emitter follower dot performs an OR function and so
may also be thought of as performing the "MINUS AND. " The orthogonal
collector dot performs the AND function and so may be thought of as performing
a "MINUS OR" function, ’ : '

It is important to note that "MINUS AND" and "MINUS OR" are not equivalent
to the logical functions NAND and NOR. It is unfortunate that the use of
MINUS (-) here conflicts with our previous definition of (-) as equivalent

to complement. One might therefore be led to believe that MINUS AND (-A)
is equivalent to AND (and thus equivalent to NAND), which it is not.

"MINUS AND" and "MINUS OR" may best be viewed by the beginner as

merely other names for OR and AND, used by some designers for their

heuristic value when circuit input variables are in complemented form.

There is another circuit diagram symbol which the newcomer will occasionally
see and which is bound to confuse him. This is the "wedge" symbol appended
to certain circuit block inputs/outputs. Wedges might be found on a current
switch symbol as follows:

These wedges have no functional meaning to the logical designer. They do not
change the identity or function of the circuit element. The wedges are normally
produced by the DRKS system and automatically affixed to the circuit blocks
appearing on the DRKS sheets. The wedges appear to be used primarily by
CE's who service the hardware. Wedges appear mainly on the MACRO circuit
blocks defined and used in DRKS. To quote Reference 3, Section 2,2, 8. 5:

"Wedges will be printed in the edge of box print position for all input or output
lines that are in the "down" signal condition when the logic block function

is being performed. The designer need not draw these wedges on his diagram.
They will be automatically inserted by DRKS, according to the block definition
in the macro file, when the sheet is printed. "

In other words, given a circuit block performing some logical function as
stated by a logical equation, DRKS affixes wedges to those input and output
lines which must be down (0; negative) when both sides of the equation

are TRUE (1). ‘ i
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Examples: note that although both examples use the same circuit, the
wedge placement is different, This is because wedge placement depends

on the statement of the function of the circuit. If we complement both

sides of the equation defining the circuit, then the wedge placement changes.

(i) Current Switch as an "OR"

>—- X Y=A+B

A
B

Y

When both sides of the equation are TRUE (1), then Y must equal 1,

b

neither A nor B must equal 0, and since X = Y, then X must equal 0.

(ii) Current Switch as a "MINUS AND":

A — X

A Y=A-B
B S v

When both sides of the equation are TRUE (1), then Y must equal
0, A must equal 0, B must equal O, and since X = Y, then X must
equal 1,

Now, even though the wedges have no functional meaning, some designers

may attach them to the circuit blocks in their circuit diagrams. This is
especially true when MACRO circuit blocks are used. A reason for this is

that the wedges can be used as-a memory aid in locating particular inputs and
outputs on the MACRO blocks which have many input/output lines., But remember
that there is no additional information contained in the wedges. DRKS can
produce them automatically when given the function of the block.
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" Elementary Logic Desigqn

Logic design in ACS, and in any case where implementation will be made
in real circuitry, is essentially an iterative procedure consisting of making
a design, then testing that design against technological restrictions, then
redesigning and retesting until a valid design is found.

First the logical functions to be implemented in the design are formulated

in a set of logical equations., Then the set of equations is operated upon

to minimize the logic according to some selected criteria such as number of
circuits and/or number of circuit levels. Note that the minimization may
be performed on the equations (which use AND, OR, NOT operators) even
though the final implementation may be in NOR-NOR, or NOR-OR logic

(see Reference 4, page 101), ‘

Next, the minimized equations are examined to determine if all circuit
restrictions are satisfied. These restrictions, such as fan-in and fan-out,
can be checked while the design is still in the form of logical equations.

If the restrictions are not satisfied, we must iterate by going back and
perhaps reformulating the equations and minimizing again, until equations
are found which satisfy the restrictions. ' '

At this point we can convert the equations directly into a logical circuit
J implementation, Descriptions of procedures, both formal and heuristic,
for performing these conversions follow later in this section.

Now, if the design specification is beyond the preliminary stage and unlikely
to be changed, then the circuitry must be checked against all the many and
complex wiring and packaging rules. If the design cannot be wired or
packaged as is, then additions or changes may have to be made, or perhaps
another entire design iteration may be required.

Implemen’ting Logic Equations in ACS Circuitry:

With a little experience a designer can directly sketch out the logic circuitry
to implement some logical function. This is particularly easy to do if AND-
'OR or OR-AND logic circuits are used. For these cases the designer can
place the equation for a function in "sum of products" or "product of sums"
form and transform directly to a circuit diagram.

In the ACS technology, however, we have available only a restricted form
of AND circuit (the orthogonal collector dot; inputs must be orthogonal).
Thus OR-AND logic is seldom used. Instead, we normally use NOR-NOR
] or NOR-OR logic. ’ 7
ES S
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The beginner should therefore learn the transformations for quickly and
automatically drawing the circuit diagrams for NOR-NOR and NOR-OR logic
implementing a logical function, This material is covered in detail in
Reference 4, pages 94-102, A summary is presented here for reference:

Let us draw the logic circuitry to implement the function

f=(a+b)(b+5)(a+c)=ab +be +ad

Ex.(i): NOR-NOR logic circuit implementation:
(2 circuit levels: current switch to current switch)

Step 1:

Step 2:

Step 3:

-~

'Clearly we may proceed directly from Step 1 to Step 3. The NOR-

Express function in product of sums form:
f=(a+b)(b+d (a+c)

Let NOR (a,b) =(a +b). Transform the equation to
NOR-NOR form by simply replacing all OR, AND

operators with NOR operators, leaving the variables
in the original order and form: '

f = NOR (NOR (a, b), NOR (b,d), NOR (a,c))

Draw the logic circuit diagram directly from the
equation in Step 2.

(o R ]

C —_—]

-

NOR logic uses the same connections of circuits to implement a
function as does OR-AND logic. We merely replace all OR and AND
circuits with NOR circuits

DY
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EX.(ii): NOR-OR logic circuit implementation:
(1 circuit level: current switch to E. F. Dot) =

Step 1:

Step 2:

Step 3:

Express function in sum of products form:
f=ab +bc +ad

Transform the equation to NOR-OR form by

" complementing each variable and replacing the

AND operators with NOR operators:
f = NOR (&,b) + NOR (b, c) + NOR (a, d)

Draw the logic circuit diagram directly from the
equation in Step 2:

a Q f
b

ol

d

Here also we see that it is easy to proceed directly to Step 3
from Step 1. The NOR-OR logic uses the same connections of
~ circuits to implement a function as does AND-OR logic., We
merely replace the AND circuits with NOR circuits and use
~ the complementary inputs.

Heuristic Design Techniques:

The extensive use of the NOR-OR logic has caused the evolution of many
heuristic design practices, including the use of two different Symbols for
complementation and the duplicate naming of the logical function performed
by the current switch. S

To clarify all the points developed in this memorandum concerning heuristic
design techniques, let us implement the same function f of the preceding
examples in NOR-OR logic using one of the heuristic techniques rather than

the formal, automatic procedure just described.
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Suppose we have available as inputs both phases of a,b,c,d, i.e., -
ta, tb, tc, +d and wish to form f =ab + bc +ad.

Using minus (-) inputs we can use "MINUS AND INVERT" circuits to

obtain the terms ab, be, and ad. Then we can use the emitter follower

-dot to OR thes_e'terms.

-8 N
' -Al (
-b
' -Al
-C
_ -AI
-d

Clearly this is the same circuit as that developed in the preceding formal
NOR-OR example. However, here the designer is thinking directly in
terms of pseudo AND-OR logic by renaming the functions of his circuit
elements and making a sequence of appropriate complementations.

The beginner is warned not to attempt to imitate such techniques at first.
The heuristic techniques, used by the novice as though they were formal
methods, will prove far more unwieldy and confusing than the previously
illustrated formal techniques. The novice using these heuristics will put
a great deal of effort into the essentially trivial process of forming circuit
diagrams from logic equations. - :

When the time comes that the designer has a good "feeling for" NOR-NOR,
NOR-OR logic design, he may then find that some of the existing heuristic
techniques are useful. .Experienced ACS designers can sometimes find

"tricky" implementations using these techniques which have less delay or

lower circuit count than those derived by formal approaches. This occurs
especially when both the O. C. Dot and E. F. Dot'are used in the implementation.

-
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Introduction

This memorandum describes a proposed ACS Logic Simulation System(LSS),
This system has been only tentatively defined. The purpose of this memorandum
is to set down the current thinking and stimulate some feedback from

potential users, potential implementers, and other critics on the feasibility

and utility of such a systemandon the practical details of its implementation

and use,

The purpose of the proposed LSS is to provide a mechanism for aiding the
debugging of the logical design of the ACS-1. The logical designer may know
that for a given section of logic circuitry a certain set of inputs should produce
a particular set of outputs (for a given initial internal state) according fo

the "system level" description of the design which he implemented in the

logic circuitry. The LSS will provide a.means of inserting the circuit

inputs into a logic simulator which simulates the action of the circuitry

on these signals and then compares the resulting output with the output
expected by the designer. Any mismatches would indicate a logical

design error in the circuit (see fig. 1)

A group in Poughkeepsie can provide ACS with a package of pfoqrams capable

. of performing the logic simulation. The ACS designer would provide

input to these programs indicating the particular partition of the machine

to be simulated and the input-output lines on the interface of this partition.

The programs would use this input to extract from the DRKS files the

detailed description of the logic of the partition selected.” The designer

would then need to apply a sequence of inputs to the logic simulator corresponding
to a proper sequence of input-output line signals at the interface of the

partition, The programs would simulate the logic operating on the input

signals and mark any mismatches in the logic output and expected output.

The designer would then use these mismatches to debug his logic design,

A major obstacle to the practical application of this proposed system is
the difficulty of generating the I/O signals at the partition interface, It

~does not appear to be at all practical, or even feasible, for the logic

designers to generate by hand all the correct test patterns necessary to
"moderately" debug all the partitions of the machine.,

A method has been proposed to solve this problem by providing a programmed
means of automatically generating these interface I/0 signals. A detailed
timing simulator now exists for the MPM (ref. 3). This simulator times

the activity of all MPM hardware, as described at a system level, during

the execution of an input program. '
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Now, suppose we wish to use the L3S to study and debug a particular—
partition of the MPM. We could carefully define the interface of that
partition and rewrite the appropriate sections of the timing simulator ‘
such that (i) the same interface existed in the timer as in the logic circuitry,
(ii) the same "system" level description is used in the timer to describe

the partition that was used to formulate the logical design of the partition,
(iii) provide for output to suitable files of the timing simulator interface
signals during each simulated cycle of execution.

The timer thus modified could become a practical source of the I/0
signals needed to drive the LSS. The timer would have to accurately
reflect the MPM only at and within the interface of the partition to be
studied. Any errors in this system description would be discovered

early in the debugging process. After this phase, many selected programs
could be run on the timer to yield as many interface signal sets as are
necessary to debug the logic design of the partition to the required level
(see fig. 2). '

The timer could also assist the designer of the partition in his efforts

to find a particular bug when the LSS indicates a mismatch in outputs.

- The timing charts produced by the timer will give a concise picture of the
state of the machine at a system level in the region of time surrounding
and including the cycle in which the bug occurred. This may help to
determine if the bug is at the level of system specification or logic circuit
implementation. Both the timer and LSS can provide the states of specified
triggers within the partition and a comparison of these can aid the designer
in debugging.

In the following sections of this memorandum some of the details of this
proposed LSS system are described and questions are raised which must be
answered before any serious development of the system can begin.

The main point to keep in mind is that there are two levels of simulation
involved in this scheme -- the detailed simulation of the logic circuitry of

a design and the system level simulation of the same design. This two
level simulation technique for debugging logic circuitry was originally proposed
to ACS in August, 1966 by G. T. Paul. The technique now appears to be
feasible because of the availability of an adequate logic simulator and ACS
experience with the current timing simulator, : - '
Comments and criticisms are invited, especially on questions concerning
the feasibility of the system, its utility to the ACS logic designers, its

cost relative to any alternative systems, and the various practical problem
of its implementation and use.
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FIG1. THE BRSIC IDER OF LSS
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The LSS Programs

In this section the programs forming the LSS are identified and described.
The relationships between the various programs and the designers input
and output to the system is described. This specification was developed
from information contained in ref. 1 and the notion of using the timing
simulator to drive the LSS. This specification is very tentative in nature.

The simulation of the logic of a portion of the ACS-1 machine operating
on a sequence of inputs may be viewed as occurring in three distinct
phases within LSS.

The first phase is the selection of the specific partition of the machine to
be studied and the specification of the I/O interface for this partition.

The designer will specify the partition and interface in a card input deck.
This deck is used by the LSS to extract the detailed information describing
the logic circuitry of the partition from the DRKS files and DRKS rules.
The program performing this extraction is termed the Simulation Interface
Program (SIP), and is to be written by the Poughkeepsie people.

The next phase of the L.S3 simulation is the generation of a sequence of
interface signals for the selected partition. This is done by running ACS
program on the modified timing simulator. Once the designer has assisted
in forming the proper timing simulator specification for his partition, the
production of these interface signals requires no more effort by him.
Many programs exist which run on the timer. The designer would merely
select those programs which might best be applied to debugging his
particular section of the machine. An addition must be made to the
existing timing simulator to extract and file the proper interface signals
during each cycle of simulated time. Let us call this the interface signal
file generator. This program would be written here at ACS.

The final phase of the LSS run is to perform the logic simulation itself.

This is done by a program to be called TALES, which is to be developed

by the Poughkeepsie group. The interface signal files produced by the
timer-interface file generator programs are processed by a reformatting
program called TAMIP (also to be written by Poughkeepsie) and then input

the TALES logic simulator. The TALES simulator uses the logic files formed
by the SIP program to perform the proper logical functions on the input

signals to yield interface output signals for each simulated cycle. If the

logic simulator output signals differ from the expected output signals produced

~ by the timing simulator, an output listing to this effect will be produced

and certain information printed to assist the designer in finding the cause’
of the mismatch,

In figure 3 the functions of the three phases of 1SS are illustrated by flow-
charting the relations between the designer's input, the various LSS programs, sz '
the DRKS files, and the various LSS internal files. - >
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FIG 3. THE ACS LOGIC SIMULATION SYSTEM
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Possible Procedures for Use o , —

So far we have examined the overall functions of the LSS and identified
the component programs and files. All of this is very tentative. In this
section let us explore some of the many different possibilities which -
exist for organizing and using the L3S system, and identify those areas
which are only tentatively defined and need to be worked on.

~ Many questions and alternative approaches are outlined which must

be resolved before the system can be considered feasible, useful, and .
economical. Criticism on these specific questions from everyone concerned
is needed to formulate the answers to these questions. |

Most of these questions center on the organization and management of
the system, i.e., what technical form should the system have in order
to be usable by the designer ? For example, how do we partition the
machine, how large or small should the partitions be, and how do we
select the interfaces? How should the designers specify the system
level description of their partition?

(1)  Partitioning the MPM: How large or small should a partition be ?

- From an organizational and system simulator point of view, the
larger the better. If a partition is too large, however, the designers
may have a difficult time in debugging the logic. This problem might
be eased by placing certain triggers internal to a partition in the
set of outputs the designer can check. If the partitions are too small
and thus many in number, we will have difficulty in managing the
study--there will be too many interfaces, and some of them may be
inconvenient to specify at the system level. '

It seems undesirable to have a single partition so large or so chosen
that two different design groups design sections of the partition. The
utility of the LSS system is increased by having formal interfaces
between the various groups of designers, to allow a successful
segmentation of the design. It is natural that the interfaces between
design groups would also be interfaces in the system level simulator
in LSS,

An approach to choosing partition size might be the following:
choose the partitions as large as is possible subject to the folowing
constraints, (i) the boundaries of the various design groups,

(ii) the maximum amount of logic which the logic simulator will
handle. It is likely that the second limit will usually be met first. .
This raises the question of whether the logic simulator (TALES)
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can handle a large enough partition for the LSS to be practical.
This question is quantitatively studied (section 4) later in this_

memorandum, and the answer currently appears to be yes,

Selecting the Interface: Suppose we wish to.formulate a partition of
the MPM whose approximate size and boundaries are known., We
face the problem of selecting the exact interface that is to exist
between this partition and the rest of the machine. This is the
problem of selecting an interface which is reasonable both in the
logic and in the system level of description. The problems involved
in doing this do not appear to be serious if the partition is large,

for then certain natural boundaries (the phases) within the MPM may
be chosen as interfaces. If the partitions must be very small and
many in number, we will have serious problems for the system
level description as a whole will become much more detailed and
unmanageable, We might not be able to simulate on a cycle by

cycle basis, but have to generate and check interface signals at many
different times within a machine cycle.

Describing a Partition: In order to correctly generate the interface
signals for a given partition, the timing simulator must accurately
reflect the system level description of that partition. An important.
question to be answered is how is the detailed system level description
of a partition to be formed, in what language, and by whom ? There is
a wide range of possibilities.

Method (a). The designers could give a verbal, nonformal description
of their partition to a programmer who would formalize the description
by writing the code which performs the system level simulation.

This is probably not adequate because it would be too difficult to
maintain the description. The designers would have no direct

link to the formal description when they desired to make a change.

Method (b). The designers could produce a "sem’-formal" description
of their partition by creating a combination of flow charts, diagrams,
and written description which attempted to document as accurately

as possible (outside a formal language) all the details of their design.
A programmer could use documents of this type as a direct basis for
his coding of the system level simulation, This at least solves the
problem of maintenance of the program. A change in a flow chart
could fairly easily point to the necessary corresponding change in

the simulator code, Even with this method, serious problems arise
(even more serious if using Method (2)). Since the designers would
not themselves have a complete, formal description at a system level
of the thing they have designed, many errors are bound to occur

in the system descrlptlon--errors which would be difficult to debug. <
S
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Method (c). We might go a step further in the specification of a
partition by the designers and require that they help formulate and

have access to a complete, formal description of their partition

at the system level. This could be done by having the designers
partitipate actively in the production of the formal description,

The obvious choice of a language for formal description is the simulation
language used in the timing simulation program. This language is

an "elementary form" of "Simscript, " and is written in FORTRAN

(see ref. 4). '

The designers could produce the flow charts, etc., as in Method (b),
but then assist in the production of the system simulation code to

the extent that they would fully understand and be able to modify (with
programming assistance) the system level description. '

The system simulation code would then be the formal description
for the designer. It would be easy for the designer to introduce
changes into the formal description.

Method (d). We can go one step further and require that the designers
independently produce a formal system description of their partitions
in some language common to all the design groups. This is a goal

to strive for in later design efforts. It seems impractical at the
present time, however, because of (1) the time required to educate
the designers in some formal language, (2) the even greater time
required for them to gain "programing" experience--the experience
needed to use the language to describe their design at the proper system
level. Most logic designers probably conceptualize their design

not as a system description being implemented in some logic
circuitry, but as the logic circuit implementation itself. That

this is likely is indicated by the current lack of detailed system
descriptions within engineering and the current wealth of logic

circuit diagrams.

Considering the methods (a), (b), (c) and (d) outlined above, it
would appear that the most useful and feasible method for currently
producing the necessary system level descriptions for the LSS

is Method (c).

Selecting the Partition in the Logic: When we have selected and
described a partition at the system level, we face the problem of
selecting the same partition at the logic circuit level. The description
of the logic circuits is formal and is contained in the DRKS files.

The Poughkeepsie group will write the SIP program which actually .
extracts the logic design of a partition and forms the file to input
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The designer's input to specify the logic to be selected by the SIP
program has been tentatively defined in reference 1. There will
have to be a study by all concerned to produce a specification of the
SIP input conventions. Once the procedures for use of the LSS
system have been defined, it would be desirable to specify input
conventions for SIP which are the simplest possible in nature which
meet the needs of the LSS. The smaller and simpler the interface.
between ACS designers and Poughkeepsie programs the better.

Sequence of Partitions to be Studied: An important property of the
proposed LSS using the existing timing simulator as a starting
point in the system level description is that the debugging of one
partition may proceed independently of-that of another partition.
We can thus choose a sequence of partitions to be debugged which
corresponds to the schedule of design of the partitions.

We could have chosen not to use the timer, but to apply Method (d)

of the previous section and develop a formal and accurate system level
description of the whole machine. Let us examine some of the
problems within this scheme and thus learn the advantages of using
the timer.

Suppose the machine could be divided into four partitions:

A B

C D

We could have the designers write the programs described A, B,
C, and D and then run these as an accurate timing simulator,
obtaining input and output signals at the interfaces.

The problem with this is that the system level programs must all
exist and be reasonably debugged before the whole system level
simulation will run. Of course the individual partition programs
could be run separately to yield partition outputs for a given set
of partition inputs. But this does not solve the original problem
affecting the feasibility of logic simulation--the difficulty of
generating by hand all the input-output patterns. It only half -
solves the problem. '

EXY

L. Conway
Archives




\

Page 3 -5

Another difficulty with this approach is that we would be heavily

. committed to whatever techniques were chosen to implement

Method (d).

Clearly we do not need to face these problems and uncertainties.
The existing timing simulator can be used to circumvent them as
follows:

We chose for LSS debugging the first partition whose design is
"completed. " Suppose this is partition A.

A

Timing simulator dummy
for rest of machine

We already have a working, debugged timing simulator which simulates

an approximation tothe whole MPM. We write and place into the

timer (replacing existing code) the the description of partition A at

the system level. Now the remainder of the timer serves as a
dummy machine which can properly interact with partition A once
the system description of A is debugged. Now we may not get
exactly the same feedback from the dummy portion of the machine
that we would get from the eventual real machine, but this does
not matter., We will get valid feedback which will properly drive
partition A, We will automatically get both inputs and outputs of

A every cycle while the simulated machine runs an input program,

This allows a considerable degree of freedom in the planning of the

debugging process. We may debug the partitions independently
and in sequence if we so desire. It is likely that the various
partitions will be ready for debugging at different times. We

could schedule the debugging to correspond to these design schedules.
We would not be committed to the first procedures chosen to debug

the first available partition. If a method proves unsatisfactory on

the first partition, we can modify our procedures for handling later

partitions,

By using this method we can proceedlonl}-r as far as we choose in

applying L3S to debugging the logic. We do not need to determine in

advance how much of the logic is to be debugged this way. Some
sections of the machine may remain in dummy (original timing-
simulator) form. Some sections of logic such as functional units

(adders, multipliers) clearly can have their logic simulator input-

output signals formed by hand or by special programs of much
simpler form than system level simulators.
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Note that the timing simulator can eventually become an exact
system level simulator of the whole machine if that end is deSired.
This method does not preclude that possibility. Indeed, this method
offers a practical means of achieving that end in a step by step
approach rather than attempting it directly.

Debugging a Partition: How does the designer use LSS to uncover
bugs in the logic design? Let us consider various procedures which
might help in the debugging process. '

An important consideration in the debugging of a partition is the
selection of some appropriate input programs for the system simulator.
We wish to run programs on the timer which exercise as fully as
possible the system logic of the partition under study, in order to
debug that partition as fully and efficiently as possible. This

selection process is yet to be developed.

A question which arises here is how far should the debugging of a
partition proceed using LSS. This is a function of input program choice,
the available computer time and manpower available for debugging.,

This question must be studied fully in order to estimate the performance
of the LSS system compared to its cost.

An important potential function of LSS which must be explored and
developed is that of providing the designer with information to
assist his debugging effort in addition to the mere indication of

an output mismatch,

One possibility, easily implemented, is to make available to the
designer the timing charts produced by the timing simulator (see

ref, 3) for the L3S run under study. It has proven possible, with
some practice, for individuals to use the timing charts to follow
completely the system level functioning of the MPM., The designer
would thus have available to him a concise description of the states
and functioning of the whole machine in the region of time surrounding
and including the cycle in which a bug was found in his partition.

Another possibility is to have the timer and the legic simulator
both provide as output the contents of important registers and
triggers within a partition in addition to those on the partition
interface. This would be especially important if the partition is a
large one. Of course we would have to have the timer quantities
behave exactly as the logic circuits in order for this to work. This
might provide a practical way of allowing large partition size, yet

S
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feasible debugging. As an example, suppose a large section of phase 1
of the MPM is to be contained in one partition. It would be very-

useful in the debugging process if the designer had access to the
values of such things as NFA, HISTORY TABLE, DO TABLE, etc.,

in both levels of simulation (1. e., as "interface output quantltles")
Usually these important internal quantities of a partition could be
easily made to function exactly the same at both simulation levels.

(vii) Other Modes of Use: During the specification and development of |
the LSS system we must identify and meet the requirements for
any other possible uses of the system and its components.

An example of this is the need to allow manual insertion of interface
signals into the Poughkeepsie programs in order to perform the
debugging of isolated sections of design for which manual signal
insertion is adequate. Examples of such design areas where manual
or special program generation of the interface signals is possible
are functional units such as adders, multipliers, dividers, etc.

Another function the system might perform is the genefation of
files suitable for hardware debugging at a later time.
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Requirements for Development

The hai'dware, software, computer time and personnel required to develop,
use and maintain the LSS system must be estimated to determine if the
system is feasible and economical. ‘

It has been determined that the ACS Mod. 75 computer will have adequate
hardware for both the Poughkeepsie programs and the ACS timer-interface
signal generator program. .

Yet to be explored are possible work schedules, documentation requirements,
and forms of communication needed between ACS and Poughkeepsie, It
appears possible for the LSS development to proceed without altering
engineering design schedules, if a proper scheme of development is

chosen. Of course the time required for the designers to specify the system
descriptions of their design areas will add to the design schedule time,

but it appears likely that this system description will be necessary whether
LSS is implemented or not. The requirements for maintenance of the system
are yet to be determined. These depend on the role the designers play

in specifying and maintaining the specifications of their partitions.

There are two important considerations which strongly affect the feasibility
and economics of I.SS. These are the computer time required to simulate
and the memory requirements of simulation (determines maximum partition
size).

Reference 2 indicates that a few seconds of Mod. 75 time would be required

- for the TALES program to perform the logic simulation of one machine

cycle for the largest partition it could handle. The ACS system level
simulation of the whole machine will run at a rate of approximately 10
to 15 machine cycles/second on the Mod. 75.

Thus it appears likely that the feasibility of LSS is not impacted by the -
computer time requirements, The required time is down in the range
where the human time and effort in debugging the results would probably
be a stronger limitation than available machine time, Of course these
machine time requirements could be heavy ones and thus it is very
important that the logic simulator (TALES) be made as efficient as
possible, for the running of TALES will probably be the major cost of
LS.

Let us now consider the question of memory requirements and their _
determination of the maximum partition size. :
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P. Shivdasani has formulated the following study of this question, based
on verbal communications with the Poughkeepsie group. His result of
56K ACS circuits as the maximum partition size indicates that we can
choose partitions large enough for LSS to be practical (see section 3(i)).

(i) Storage capacity, S, in K bytes, required to run the logic simulator
is
S =98 + 2L (10 + avg. fan-in +avg. fan-out)
where L = # of nets to be simulated (in thousands)

Also the fan-out from a block (macro, U, L., or dot) is

n
= . <
-21 (sourcei loadi) < 31
i=
Thus
J | 10 loads source 1 fan-out = 30
10
2
macro | 4, 5

Another 200K bytes must be allowed for the worst case op, system.

There is also an absolute limit of 32K on L due to the present simulation

programs. ’
Thus if we assume L=32
fan-out = 31
fan-in =15

We have S = 3882 K bytes which will easily be handled by the
two LCS's ACS has on order. '

6T
L. Conway
Archives




* Page 4 - 3

(ii) -  Nets:
A net is defined as a logic source feeding any number of sinks.
Thus in U. L. representation each U. L. block leading to a dot is

a net,

net 1

net 2 <> net 4 _ net 1

net 3

&~ macro

It is important, then to try and define as many macros as possible.

(iii) Assume 32K nets as maximum partition. Find equivalent in ACS
circuits,

a) Let X be the number of circuits corresponding to these nets.

b) Assume 807 of the circuits can be represented in macros and
the remaining 20% need a unit logic representation in DRKS.

c) Also assume each macro contains 5 circuits and has two

source outputs,

Then nets due to macros = (_%2{.) 2

d) Assume an average dot of 4 in U. L. Then we have 5 nets
for every 4 circuits.

Or netsdueto U.L. = (—fi) 5 -

g

1.6 X X 365
5 LT 32, 000 L. Conway

, Archives
or X = 32,000 b6K circuits
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DRKS does not handle macros made up of U. L., blocks from
different portions of the same chip, let alone different chips.

So if a high number of U. L. blocks is being dotted externally,
the above capability will be desirable to keep the net count down.
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Additional Benefits of L3S

There are some additional benefits which might result from implementing
. the proposed LSS system. '

The formal specification of the machine at a system level would give the
various design groups a chance to uncover many system level design
errors before the logic itself is tested for bugs.

This formal system level description would be useful to many others in
ACS,

Of course this description would have to be maintained by the designers
to reflect all design changes. If maintained and the timing simulator
reflects the description accurately, then the LSS could be used later to
generate the interface signals for hardware circuit debugging.

Also, an accurate timing simulator would be very useful to the compiler

and system programmers and to any ACS customers who wish to optimize
hand code. ' ’
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To:

L. Conway

Dept. 988

IBM - ACS

2800 Sand Hill Road
Menlo Park, California

-

Note: If you have any comments, questions, criticisms or ideas concerning the
proposed LSS system, jot them down in the space below and mail this page as indicated

above,
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INTRODUCTION

For many years, computer designers have proposed the use of
various levels of simulation for design specification, verification
and evaluation. Simulation and automation have been applied to
some phases of the design process in a number of past projects.

At the present time, in ACS, we feel that we have sufficient
practical experience in system simulation and design automation to
propose a workable system plan for the whole computer design
process,

This plan has as its key element the specification of the system-
level design in a high-level simulator. All following phases of
design are viewed as implementations of this System specification,

Details of this plan are presented including initial design studies |
using timing simulation, design specification in a high-level
simulator, logic design verification by comparing two levels of
simulation, design automation and finally, hardware checkout
and maintenance.

~ Design automation eliminates routine human effort in the later
design phases. Simulation allows creative human effort where it is
important--in the initial system level planning and evaluation. :
Rather than being merely a sideline in the design process, simulation
can be and should be viewed as the natural medium of expression of
the computer designer. A designer who can quickly generate
working models of his ideas can get the feedback necessary for real
design improvements. Adequate programming tools are now
available to the designer for this purpose,

This memorandum presents a brief description of all the phases
and components of the design process as it might exist in ACS. Much
of this material is well established practice and thus the memorandum
could serve as an introductory tutorial document on this subject.

The purpose of this memorandum is to make certain specific

Suggestions concerning important aspects of the planning, implementation
and operation of the total design process. The most important of

these suggestions are

/i.
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(i) The careful planning of the design process itself is as
necessary for success of the project as is the careful
planning of the computer design. The design process

: should be planned as one integrated system. If the separate
* phases are planned by different groups of people, the
‘ ’ result will be an ineffective overall plan with serious
-difficulties at the interfaces of the phases.

(ii) The plans produced should be carefully documented

' and maintained and made available'to all designers.
A common terminology would then develop for all
the many design phases, simulation and design auto-
mation programs, design languages, etc., and better
understanding and communication would develop
across design group boundaries,

(iii) It is strongly urged that the output of the Architecture

department be a formal, high-level description of

the computer in the form of a running simulator of

the system architecture. This simulator would have

to be maintained and modified as the design proceeded

into later phases. This simulator would, in effect,

be the design of the machine with all later phases
‘3 viewed as implementations of the.désign. The use of a

high-level language for this description is emphasized
to insure that the system description be readable and
intelligible to all designers. With the design formalized
at a high level the prediction of performance, '
modification, debugging and general understanding of
the design would be greatly simplified and improved.
Many of the essential functions in the total design
process proposed in this memorandum are completely
dependent upon the existence of this high-level
system architecture simulator. o

(iv) The design should be carefully "partitioned" at the
earliest possible point in the design process (i.e.,
in Architecture) into functional segments that will be
manageable by later design groups. Although it may
be possible for a small group of people to design and
comprehend the entire computer at the architectural
level, it is not possible at later levels of design. -
The computer must be divided or partitioned among a
number of groups of logic designers. If this partitioning
is done in architecture along functional lines, the -
"’? interfaces between partitions can be kept narrow and
simple. These interfaces must be formally.specified

37!
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in the high-level simulator and maintained throughout
later phases of design.

The design process described in this memorandum,
including the above suggestions and the many programs .
implementing the process, is not just a speculation

as to what might be a good way to do things in the

distant future. There is considerable practical
experience within ACS with the various components

of the process.
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THE OVERALL DESIGN PROCESS

. Let us now identify and define the fundamental stages of the overall
design process. Then in the following sections of the memorandum
each stage will be described in some detail.

The design and production of the computer passes through four
rather distinct stages. The stages are identified-by their final

- .production of a "formal description" of the computer in a particular
"language. " The output of one stage is the input to the succeeding
stage. Each stage of the process may be thought of as implementing
or redescribing the design of the prior stage in a lower level language.

These stages are as follows (see Figure 1 for a visualization of the
process):

System Architecture: This is the planning of the structure and function
of the computer system, developed from a consideration of predicted
market conditions and technology. The plan is developed to the level
of detail of system description such that the complete function of the
) system is specified. The formal description produced by the

Q : architecture group would be a running system level simulation program
written in a high-level language. The désign would be carefully
partitioned along functional lines into formally specified partitions with
fairly narrow interfaces between them. The a