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ABSTRACT

In order to allow the utilization of digital computer programs
written for the LGP-30 computer by an organization which no
longer had convenient access to this machine, a program was
written for NAREC, the NRL general purpose computer, which
causes NAREC to simulate the actions of an LGP-30. Although
this program was written out of necessity, the simulation speed
gain is sufficiently high to make the simulation of LGP-30 opera-
tions more economical than direct execution for many classes of
problems. A more cogent argument for the utilization of simula-
tion is to free NRL's LGP-30's from production work and allow
them to be used in close support of research.

The simulator utilizes the LGP-30 instructions in an inter-
pretive mode to invoke subroutines or action blocks to perform
on the simulated LGP-30 memory, registers, and input-output
devices the same actions that would have been performed by an
actual LGP-30 executing these instructions. Short-cut procedures
are available to increase the utility or speed of common LGP-30
operations. The construction of the simulator is fairly straight-
forward, except that all characteristics of input-output equipment
as well as the computer itself must be carefully simulated.

One year of operating experience with the simulator has
demonstrated that while there certainly exist better ways of pro-
viding interchangeability between computers, e.g., by not pro-
gramming in machine-oriented language, it is practical to use
the actual machine coding of a problem written for a small com-
puter as the control for a larger computer running an interpre-
tive program.

PROBLEM STATUS

This is an interim report; work on the problem is continuing.

AUTHORIZATION

NRL Problem R06-06
BuShips No. S-1931

Project SF001-08-05, Task 9094
and

NRL Problem R06-07
Projects RFOO1-08-41-4552
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C.1.

A PROGRAM FOR THE EXECUTION OF
LGP-30 COMPUTER-LANGUAGE CODES

ON THE NAREC COMPUTER

INTRODUCTION

The Radio Division has been utilizing both medium- and small-scale digital com-

puters in the course of its work. The recent loss of a small-scale computer, for which a

number of programs existed, prompted an investigation of the feasibility of running these

programs on NAREC, NRL's general-purpose, medium-scale, digital computer. It is

thought that the results of this investigation may be of some general interest.

The first major section of this report, entitled General Discussion, may be of inter-

est to persons facing similar problems as it explains the course of action pursued to

solve our problem. The next section, entitled Instructions for Performing a Simulation,
is addressed to those persons who wish to use the results of our work to execute existing

LGP-30 programs on NAREC. It is assumed that persons reading this section are quite

familiar with LGP-30 programming and operating practices but possess only a casual

knowledge of NAREC. Access to the third major section, entitled Detailed Program De-

scription, requires considerable familiarity with both machines. The detailed informa-

tion is offered so that later modifications may be made to the simulator and so that pos-

sible help may be given to others who may be considering the construction of simulators.

GENERAL DISCUSSION

The Role of Large and Small Computers in a Research Organization

The Naval Research Laboratory utilizes a diversity, of general-purpose digital com-

puters. The Research Computation Center operates NAREC (a computer of the IBM 704

class) and provides analytical, programming, operating, and maintenance services to
make this computer available to scientists throughout the Laboratory. In addition, sev-

eral divisions and branches operate small digital computers, largely for their own proj-
ects but also on a time-available basis for the entire Laboratory.

It has been often observed that the cost-per-operation of a digital computer steadily
decreases as the size of the computer increases. For example, NAREC can perform

three million additions per dollar, while an LGP-30 is capable of performing about
twenty five thousand additions per dollar under typical conditions.*

The natural implication is that the use of small computers is uneconomical when
large computers (or even medium computers such as NAREC) are available. Upon

closer examination, however, powerful arguments can be raised in defense of the utiliza-
tion of small computers.

*The assumption is made that the LGP-30 is leased, that it can be supported for six dol-

lars per hour, and that 40 percent of the orders are optimized. It may be argued that

the LGP-30 is obsolete, but the NAREC is also no longer modern. At any rate, few will
dispute the general principle that for computers within the established state of the art,
computing speed increases more rapidly than price.
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First, for many problems, only a relatively small number of arithmetic operations
are required. Since either a small or a large computer requires comparable time to
load the problem, it may be more economical to run the problem on the small computer.

Second, there exists a class of problems which has a large ratio of output to compu-
tation. NAREC would be punch-limited in computing speed on such problems and might
have only a three-to-one speed advantage over an LGP-30. The addition of a faster
punch to NAREC will soon make this argument less relevant. Further development of
the simulator program to use a line printer will make it completely irrelevant, but at the
current instant there are problems of this kind that may be run more economically on a
small computer.

Third, the cost estimates assumed that programming costs would be the same for
any machine. While the programming costs could well be expected to be comparable,
debugging costs tend to be higher on NAREC since debugging at the console requires
equal programmer time in either case and equal machine time at a higher rate in the
case of NAREC. Debugging away from the console in the NAREC case raises the pro-
gramming costs or, if the snapshot system is used, raises the machine time costs.*"
This may be a significant factor in a one-shot problem where programming and debugging
costs overshadow running costs.

Fourth, there exists a class of relatively simple programs which are frequently run
to guide the course of an experiment. In these cases convenient access to the computer
is the overriding consideration.

Finally, While all scientists should be aware of the ways in which the large computer
will help their work, they are human, and some of them will be intimidated by the central
installation and may be diffident about using the installation at which experts may scoff
at their fumbling. Since they may use the small computer in privacy, they will not have
these reservations and it can be argued that it is better that they should use computation
inefficiently than not at all. Hopefully, after "cutting their teeth" on the small installa-
tion, they will no longer hesitate to use the efficient large installation.

The authors do not presume to pass on the validity of these arguments; they merely
wish to point out that small computers do exist at NRL and that their use will probably
continue.

One point seems to run through the previous discussion-that many of the advantages
of the small computer lie in the area of programming and debugging. Once this program
is running on a production basis, the relative computational inefficiency of the small ma-
chine begins to predominate. It becomes worthwhile, therefore, to raise the question
whether programs written and debugged on the small computer at low cost per hour can
be run in production on the large computer at low cost per operation.

In the case of the authors' Branch this question was particularly relevant. A large
investment had been made on the writing and debugging of LGP-30 programs, utilizing a
machine of another branch which was available to us when not in use by the organization
which controlled it. This organization recently moved the computer outside the confines
of NRL, and we knew for some time that we were facing its loss. Furthermore, some of
these programs, while written as feasibility demonstrations, were being used for produc-
tion. We have therefore investigated two questions: first, the specific question of how to
utilize our existing programs on NAREC, and second, the general question of how to pro-
vide running compatibility between the large and small machine for new programs.

"*While it is true that the additional aids available to NAREC (or any larger machine),
i.e., compilers, assemblers, etc., may decrease programmer time, machine time is
higher when reassembly or recompilation is necessary.
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Methods of Providing Intermachine Program Compatibility

What we desire is a method whereby programs written and debugged on one machine I

can be run on a different machine. In considering this problem we must distinguish be-
tween the various languages in which programs are written.

Originally most programs were written in machine language, that is, the program-
mer specifies the actual bits he wants placed in the machine. The programmer's product
is loaded into the machine either by a hardware command (the NAREC 32 order) or by a
simple loading program (the LGP-30 program input routine).

Since machine languages differ from machine to machine, it is clear that some sort
of translation process is necessary. The most direct and desirable process would be a
computer program which would translate each order for machine A into an order for
machine B. This program would produce as its output a machine-language program for
computer B.

Unfortunately this type of translation program is difficult, if not impossible, to write.
One serious difficulty occurs when the address coding structures of the two machines
differ. It is then difficult for the translator to decide whether an addition order is for
computation or for address arithmetic purposes. In the former case, the addend should
be translated intact; in the latter case, it must be translated to correspond to the same
number of address locations in the address structure of the new machine. Other equally
serious difficulties arise when the writing of such a translator is attempted.

If it is not feasible to write a direct machine-language to machine-language transla-
tor, it is reasonable to inquire if there are other languages more suitable for translation.

After machine-language programming, the next level of sophistication is assembler-
language programming. Under this arrangement the programmer writes in a language
which, while oriented to the structure of the machine, is more general than machine lan-
guage. Since an assembler for a particular machine is oriented to that machine, there is
no reason to suppose that assembler language can provide intermachine compatibility.

It is only at the level of compilers that programming languages offer much hope of
intermachine compatibility. A compiler is a program that accepts a program written in
a problem-oriented language. The best-known compiler source language at this time is
probably FORTRAN. If two different machines are equipped with compilers utilizing the

same source language, compatibility implies only recompiling the program with perhaps
a preliminary transliteration of characters to account for different bit representations of
source-language symbols. Thus a program which had been developed and debugged on a
small computer could be transliterated and recompiled to produce a machine-language
program for a larger computer.

The use of compilers is certainly an attractive procedure, but upon closer examina-
tion certain restrictions and reservations appear. In our immediate case the LGP-30
programs had been written in machine language, and the technique would be of no imme-
diate help to us. Even from a longer term viewpoint, at the time of this investigation
there existed no compiler for NAREC. Existing compilers of the LGP-30 leave much to
be desired. If this technique were to have much general utility, a number of things would
have to be done. First a common source language would have to be adopted, and compil-
ers would have to be written for both NAREC and the smaller machines which would ac-
cept this source language. A logical choice for this common source language would be
ALGOL.

The compilers would have to be well written to allow the programmer the flexibility,
of the source language and also to utilize the machine efficiently. Furthermore,
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programming systems would have to be built around the compilers so that debugging
could be done in source language. Programmers would have to discipline themselves to

make corrections in the source-language program so that the debugging process will

produce a correct tape in compiler language. Unfortunately this implies frequent recom-
pilation during debugging, and compilers on the small machine are likely to be inefficient.

If the above attack were to be adopted, an ALGOL compiler would have to be written
for NAREC. There are a considerable number of NAREC programmers who feel that
this would be a desirable step in any event, as they would make use of such a compiler
for programs written solely for NAREC; indeed, the construction of a compiler based on
the NELIAC language (a dialect of ALGOL) commenced about a year after the initiation
of this investigation. ACT, the existing LGP-30 compiler, does not implement the
ALGOL language, but Dr. Thomas Kurtz of Dartmouth is in the process of constructing

such a compiler. An ALGOL-language compiler (ALGO) has recently become available

for the Bendix G-15, another small computer.

Although this discussion indicates a possibly desirable course for the future, it did

not solve our immediate problem. We were therefore forced to construct an interpreter

to allow NAREC to execute LGP-30 machine-language programs. The philosophy em-
ployed in the construction of the interpreter is that since the LGP-30 machine-language
program reflects the structure of the LGP-30, the interpreter must be a NAREC program
that also reflects the structure of the LGP-30. Specifically, the interpreter contains
within it, locations that correspond to the program-accessible registers of the LGP-30,
and these pseudoregisters in the NAREC program are caused to contain the same bits
that their LGP-30 counterparts contain. The interpreter then manipulates the data in
these pseudoregisters in the same manner that the LGP-30 would have manipulated its
own registers. This implies that each order in the LGP-30 program must cause the in-
terpreter to invoke a subroutine which simulates the action of the LGP-30. An exception
to this rule is discussed in Appendix A.

This technique certainly solves the logical problem of how to attain compatibility,
but there is some question as to the extent to which it solves the practical problem. The
simulation philosophy implies that each order in the LGP-30 program causes the inter-
preter to execute many NAREC orders. Whether this inefficiency offsets the lower cost

per operation on NAREC depends on the precise nature of the program being interpreted.
Detailed measures of efficiency can be found in Appendix A.

Summary

We have not found it feasible to write a translator that will directly convert LGP-30
machine-language programs to NAREC programs. Although we feel that a desirable pro-
cedure would be to provide intermachine compatibility through the use of a common,
compiler source language, this technique is subject to several limitations and offers no
help when the source material is an existing LGP-30 machine-language program. We
have therefore written a NAREC program which is an interpretive routine that reflects
the structure of the LGP-30 and invokes a short subroutine for each LGP-30 order being
interpreted.

The operating instructions for this interpreter are given in the next section, and a
detailed description of the workings of the interpreter are given in the section entitled
Detailed Program Description.
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INSTRUCTIONS FOR PERFORMING A SIMULATION

General Considerations

The intent of the simulator program is to make the NAREC computer behave as if it
were an LGP-30 computer. From the user's point of view, the actions performed by an
LGP-30 may be summarized as follows. First, the machine may or may not be assumed
to have information retained in its memory from previous operations. This information
usually includes a standard Program Input Routine (PIR) and may include results of com-
putations. Information relevant to the current problem is next fed to the machine in the
proper order. This information is imparted by setting switches and pushbuttons, by plac-

ing punched paper tapes in one of two readers, and by operating the Flexowriter keyboard.
The result is that outputs are produced on one of two devices-the Flexowriter or a sep-
arate tape punch. A subsidiary "result" is the contents of the LGP-30 memory, which
may be an implicit input to a subsequent operation.

From the point of view of a programmer, NAREC can perform similar functions, but
these functions do not have an exact one-to-one correspondence. Techniques have been
developed, therefore, to allow analogs of the information inputs to an LGP-30 to be en-
tered in NAREC. Some of this information is contained in a control word, some in trans-
fers of control performed by the NAREC operator, and some in switchbox manipulations
performed by the NAREC operator, but the bulk of this information is obtained from the
same punched tapes that would have been used to feed an LGP-30.

It is the intent of this section to provide the means whereby an experienced LGP-30
programmer o r operator can formulate instructions comprehensible to a NAREC opera-
tor that will cause NAREC to process punched tapes and produce outputs identical to
those that would have been produced by an LGP-30.

Simulation of Switches and Pushbuttons

A necessary information input to the simulation program is the status of the switches
and pushbuttons on the LGP-30 configuration being simulated. Most of these settings are
communicated to the simulator by the loading of a control word. If the NAREC operator
manually executes the operation LO 1248 and then pushes the Transfer Button, the setting
of the NAREC switchbox at the time the Transfer Button is pushed will be sensed and in-
terpreted as a control word. Only the first four hexadecimal characters of the control
word are used in the present version; therefore the control word, as communicated to the
NAREC operator, will generally be of the hexadecimal form (n0njn2n3 00 0000 00).* The
significant hexadecimal characters may be constructed by reference to Table 1. It should
be remembered that the NAREC terminology for the hexadecimal characters greater than
9 is a,b,c,d,e,f rather than the f,g,j,k,q,w of LGP-30 terminology. The control word
specifies the condition of the breakpoint buttons, the Transfer Control Button, the 4-bit/
6-bit input button, and the input and output device selector switches. If the Flexowriter
is selected as an input device, the control word further specifies the condition of the
manual input key on the Flexowriter.

The control word also permits the simulation of modes of operation not directly
achievable on an LGP-30, namely, the maintenance of 44 bits of precision in computation,
the printing of a monitor trace, and certain variations in Flexowriter operation that will
be discussed at a later point.

*An exception is discussed in Appendix A.
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Table 1
Control-Word Formulation for Simulating LGP-30

Switches and Pushbuttons on the NAREC

HeKadecimal Bit 0 1
Character

no -3
-2
-I

0 31-Bit Accumulator 44-Bit Accumulator

n, 1 Breakpoint 32 Up Breakpoint 32 Down
2 Breakpoint 16 Up Breakpoint 16 Down
3 Breakpoint 8 Up Breakpoint 8 Down
4 Breakpoint 4 Up Breakpoint 4 Down

n2 5 Transfer Control Up Transfer Control Down
6 Manual Input Up Manual Input Down
7 4-Bit Input 6-Bit Input
8 Flexowriter Input Photoreader Input

n3 9 Flexowriter Output Fast Punch Output
10 Omit Stop Code Print Stop Code
11 Delete Input Copy Copy Input
12 Omit Trace Execute Trace

The use of the 44-bit precision feature should be considered only after an examina-
tion of the effect of N orders which may be used in address arithmetic.

Invocation of the trace feature causes the following information to be printed after
,the execution of each LGP-30 order: the location of the order just performed, the order
itself, and the resulting accumulator contents. The first two items are printed in normal
LGP-30 track-sector notation, and the last in LGP-30 hexadecimal notation. If, however,
the order just executed was a U or an effective T, the order location will be replaced by
a tab. This last feature allows rapid spotting of transfers of control.

The control word may be changed only at the beginning of the simulation or when the
simulated program has come to a stop. Setting of the control word will cause a listing of
the status of the simulated switches on the output tape.

Activation of the Start Button on the LGP-30 can be simulated by the performance of
the operation RO 1000 (i.e., execute instruction in right side of location 1000) by the
NAREC operator.

Performance of the inverse N sequence (pushing the One-Operation, Clear-Counter,
Normal, and Start Buttons) on the LGP-30 can be simulated by the execution of the oper-
ation LO 1007 (i.e., execute instruction in left side of location 1007) by the NAREC oper-
ator.

Program and Data Inputs

These inputs may be divided into two general classes: the pre-existing state of the
LGP-30 memory, and inputs that are part of the computation.

6
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The most common type of pre-existing memory is a PIR. If the Royal McBee PIR
10.4 is desired, it can be placed in memory by the performance of the operation LO 1068 e_

by the NAREC operator. If some other PIR is desired, its bootstrap must be manually
transliterated into NAREC notation by the use of a procedure detailed in Appendix B.

Other pre-existing memory can be handled as an ordinary input, but a shortcut is
available. If at the conclusion of a simulation it is desired to save the memory then ex-
isting, performance of the operation LO 15cO by the NAREC operator will produce a tape
which is a representation in NAREC language of the entire LGP-30 memory. At subse-
quent simulations this tape can be reloaded by the performance of the NAREC operation
LO 15d0 by the NAREC operator. It should be emphasized that this reloading can be ac-
complished only through the stated operation and not by the direct execution of a NAREC
read order.

It is also possible to store the entire LGP-30 memory in a portion of the NAREC
memory not otherwise used by the simulator. Transfer of the LGP-30 memory to
NAREC locations 2000-2fff can be accomplished by the execution of the NAREC order LO
15e5, while transfer to 3000-3fff can be accomplished by the execution of the order LO
15eb. Neither of these operations disturbs the simulated LGP-30 memory; instead, an
extra copy is created which remains unchanged through subsequent simulations. These
copies can be reinserted in the simulated LGP-30 memory by the execution of the order
LO 15e8 or LO 15ee, respectively. This feature can be used in the simulation of multi-
ple computer installations or can be used to store a copy of LGP-30 drum after program
loading so that in the event that unexpected data garbles the program, an original copy
can be reloaded into the LGP-30 pseudomemory in a minimum time.

The remaining inputs consist of data and programs (the latter actually being data for
PIR) entered via paper tape or via the simulated Flexowriter keyboard. It is strongly
recommended that the use of keyboard inputs be avoided wherever possible as the simu-
lation is awkward and subject to human errors. In the class of LGP-30 programs suitable
for simulation, the necessity of keyboard input can usually be eliminated by using v-c6ded
program tapes, by punching any required ; and / codes on other program tapes, by placing
the necessary . or + codes on data tapes read by PIR, and, where all else fails, by pre-
paring short tapes of the information that would have been entered by keyboard. Simula-
tion of keyboard input will be discussed later.

Tape inputs are handled through NAREC's photoreader, but by the use of a proper
code word the operations of the LGP-30 Flexowriter or photoreader can be simulated. It
should be noted that reliable simulation of Flexowriter input requires an adjustment of the
timing of the NAREC SCU order. While the Research Computation Center expects that
ultimately the necessity of this adjustment will be eliminated by engineering changes, or
else that it will be possible to accomplish the change by manipulating a switch that would
be installed on the NAREC console, at the time of this writing the adjustment requires
the temporary connection of a wire attached to an extra condenser in a multivibrator in
the NAREC input section.

In principle, the NAREC photoreader should handle any tape acceptable to an LGP-30
input device. In practice, however, it is advisable to recopy input tapes onto Mylar if
they are to be used frequently because NAREC operators prefer not to handle the rela-
tively fragile paper tape. If splices are necessary, they should not be made with glue; a
hot splicer should be used instead. Eighteen inches of leader at the beginning and end of
the tape will eliminate difficulties with the brakes and clutches on the photoreader, and a
suitable label on the tape will make construction of a foolproof instruction sheet possible.
It has been found that the simulated LGP-30 photoreader is much more tolerant of pitch
variations in paper tape than many real LGP-30 photoreaders and that certain tapes will
run properly through the simulator but not through the LGP-30 for which they were made.

7
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Outputs

While LGP-30 outputs may be in the form of either punched paper tape or Flexo-
writer copy, NAREC has a line printer but no on-line typewriter, and all outputs are on
paper tape.- The simulation of LGP-30 punch output presents no problems, irrespective
of whether the tape was desired for Flexowriter use, computer input at a later time, or
control of other equipment. When LGP-30 Flexowriter output is to be simulated, the
simulator produces a paper tape which, when read by an LGP-30 Flexowriter, produces
the desired copy.

When the Flexowriter is selected as both the input and the output device in an LGP-30,
the Flexowriter's final output, i.e., the piece of paper (or tape if the punch key is on) will
contain a copy of the input. This characteristic is simulated by setting bit 11 of the con-
trol word to 1. If this bit is set to 0, however, the input copy will be deleted. This would
correspond to depressing the Flexowriter punch key only during output and considering
the resultant tape, rather than the paper, as the final output.

LGP-30 output programming is subject to certain timing rules which are generally
observed by programmers. If these rules have been obeyed, no difficulties will ensue.
These rules contain large safety factors because of the great variation from installation
to installation of the timing of output devices. Unfortunately, many programmers have
discovered this fact and, following the axiom that a programmer invariably takes advan-
tage of a hardware anomaly, have written programs which violate the timing rules but
still run satisfactorily at their installation because the safety factor was not necessary
in their case. Such programs which violate the published rules may or may not run sat-
isfactorily on 'the simulator. In certain cases of violated timing rules, the simulator will
attempt to guess the programmer's intention. If a guess is made, a note will be printed
at the first subsequent effective halt in computation which implies that at least one guess
has been made and states the address of the last print order executed on which a guess
was made.

Starts and Stops

Table 2 lists the NAREC stops which may occur during the course of a simulation
and the information seen in the NAREC control register (i.e., C register). The stops ex-
pected at each state of the simulation should be communicated to the NAREC operator so
he may verify that he has performed the proper NAREC operations.

Figure 1 diagrams these stops and the possible actions that may be taken after each
of them. This figure also indicates other instructions that should be given to the NAREC
operator.

Sample NAREC Operator's Instruction Sheet

Figure 2 is a sample NAREC Operator's Instruction Sheet for a hypothetical simula-

tion. The following assumptions have been made:

a. that PIR 10.4 is satisfactory

b. that the program consists of two tapes labelled PRO-1 and PRO-2, the first of
which is v-coded and ends with .0000000', and the second of which ends with a. code to
the first location of the program

"'Later simulator program developments utilize the line printer, thus providing a "hard
copy" immediately.

8
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Table 2
NAREC Stops and their Meanings

Contents of NAREC Meaning
Contents of NAREC Meaning
Control Register (C)

0001 82 A good normal stop after an effective Z order

0002 82 Normal stop after the transfer of PIR from 1500-15bf to
0000-OObf

0003 82 A normal stop after an arithmetic overflow has occurred

0004 82 A jam input character has been detected

0005 82 An invalid character has been read when the little clock
has run out, or programmer is using the Flexowriter in-
put mode and has an I order with no previous P order

0006 82 A normal stop after listing of LGP-30 controls being
used

0007 82 (a) Stop after block transfer of drum to location 2000
and up

(b) Stop after block transfer of drum to 0000 from 2000
(c) Stop after block transfer of drum to location 3000

and up
(d) Stop after block transfer of drum to 0000 from 3000

0008 82 A normal stop after execution of the reloadable dump
routine

9
rrv
f-::

________________________________________________________________________ I

c. that the program. ends with a ZOOOO followed by a U to the first location of the
program

d. that photoreader input and fast punch output are used

e. that Transfer Control, 6-Bit Input, and Breakpoint 4 should be activated after the
program is loaded and before the first data tape is run

f. that the program is to be run on five data tapes

g. that the data tapes may contain out-of-range data (in which case an arithmetic
overflow will occur, no further computation is possible on that data tape, and several lo-
cations in the program will be garbled)

h. that a tape marked RESTART contains a stop-transfer to the first location of the
program.

DETAILED PROGRAM DESCRIPTION

Representation of Memory and Registers

The simulated LGP-30 drum is contained in NAREC locations 0000-Offf. One NAREC
location is reserved for each word on the LGP-30 drum. A method of translating LGP-30
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IThe Simulator has been
loaded on NAREC

LOTo transfer
PIR 10;.4

(Stops with
000282 in C

Push
or L

10w8 s Previously dumped7 ] .....ry on...ader
LO 15-8L Id

othe tct or LO ( g ee Iv T to th e a

NA To restore previous previousoLrP-3
LGP-30 memory stored etmory dumped

Continue in the upper part of o p (tp

0O 1248 NA-C core memory wih082inC
[(Stops with 007b8ý or -

j LO 1248 LO 1248
Computer stops with 600050 in C. The control "
word should be placed on the switchbox and
other instructions (see Fig. 2) are given to the
NAREC operator.[

. Push Transfer

Contr,,ls are listed 1
(Stops with 000682 in C)

Program or Data Tapes
on reader LO10RO 1000

Inverse N Press Start

COMPUTE
Can stop with 000182 in C
(normal), or 000382, 000482,
or 000582 in C indicating
either bad data or devious
programmer's normal stop

1007 RO 1(

J LO 15e5

ILO l5eb
To store a copy of active LGP-30
memory in upper portion of NAREC
core memory
(Stops 007a82 or 007c82)

ANYTHING

Fig. I - Possible courses of LGP-30 computer
simulation using the NAREC computer

SAVE ALL TAPES, DO NOT PRINT OUTPUT

1. 4321 on Reader RD 1000

2. LO 1068:(Stops with 000282 in C)

3. Push Continue:(Stops with 600050 in C)

4. 001800000000 on switchbox

5. Push transfer:(Stops with 000682 in C)

TEAR OFF ALL INFORMATION ON OUTPUT TAPE.
DO NOT USE OPERATING SYSTEM FROM HERE ON.
DO NOT USE M's OR N's, BUT IF THEY ARE AUTOMATICALLY

PRINTED, MANUALLY PROVIDE TAPE FEEDS.
USE 250-CPS PHOTOREADER FROM HERE ON.

6. PRO-1 on reader LO 1007:(Stops with 000182 in C)

7. PRO-2 on reader RO 1000:(Stops with 000182 in C)

8. LO 15e5:(Stops with 007a82 in C)

-- 0-9. LO 1
2
48:(Stops with 600050 in C)

10. 01b800O0000 on switchbox

11. Push transfer:(Stops with 000682 in C)
12. is1 NFirst data tape on reader RO 1000

13. If stops with 000182 in C then

14. If stops with 000382 in C, then LO 15e8:
(Stops with 007b82 in C)

15. LO 1248:(Stops with 600050 in C)

16. 001800000000 on switchbox

17. Push transfer:(Stops with 000682 in C)

18. Restart on reader, LO 1007:(Stops with 000182 in C)

II

Loads simulator program
Transfers PIR down
Start control word procedure
Load control word

Load first tape
Load next tape
Copy drum into 2000-2fff
To change control word

Get ready to process data

Load in fresh copy of drum

To change control word
Load control word

Fig. 2 - Sample NAREC operator's instruction sheet
(hypothetical simulation)

10

LO 1248

LO 1068

I
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decimal track-sector addresses to NAREC hexadecimal addresses and vice versa is
given in Appendix B, but it should be noted that the translation is only one of terminology
and that the 12-bit fields are the same.

Within each of these NAREC words, the 31 bits of the simulated LGP-30 word are
reproduced with binal points aligned as shown in Fig. 3. It should be noted that because
of different conventions in blocking off tetrads, the hexadecimal name of a bit pattern in
NAREC memory will name a number twice as large as that of the same pattern in the
LGP-30 memory.

INSTRUCTION PAIR

LEFT RIGHT

ADDRESS ORDER CODE ADDRESS ORDER CODE
I II I I

I , , I , , I , , I , , I , , I , , I , , I , , I , , I , , I , , I , , I N A R E C
0 4 8 12 16 20 24 28 32 36 40 44
I II , I, , I , , I , , I , , , I , , I , ,i I , , I P - o
4 3 7 II 15 19 23 27 31

Li- - - - 1 I I I
ORDER TRACK SECTOR
CODE

INSTRUCTION WORD

Fig. 3 - NAREC and LGP-30 instruction words

The recirculating LGP-30 registers are also represented in the NAREC memory,
but there is no physical analog of the LGP-30 oscilloscope available. Thus the registers
of the simulated LGP-30 can be read only by calling them manually to the NAREC core
memory display device.

The LGP-30 pseudoaccumulator is located at NAREC address 100c. The represen-
tation is the same as used for the general LGP-30 memory, except that the pseudoaccu-
mulator contains one more significant bit.

The program counter is not directly represented in the simulator. Instead, the left-
address portion of NAREC location 1001 contains the NAREC address of the order cur-
rently being executed rather than that of the next order, as occurs in the LGP-30. Since
the address in 1001 is in NAREC form, the method of Appendix B must be used to trans-
late this address to LGP-30 track-sector notation.

The LGP-30 pseudo-instruction-register is located at NAREC address 100d. The
representation is the same as used for the general LGP-30 memory and the accumulator.

Three additional registers are maintained in the simulator. The big clock is located
at NAREC address 126e and contains a representation of the phase of the single revolution
clutch in the output device being simulated. The little clock is located at NAREC address
1269 and contains a representation of the phase of the single revolution clutch in the
Flexowriter reader. These registers are necessary for proper simulation of input and
output orders. A copy of the control word is maintained at NAREC address 100e.
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Input-Output Codes

It should be realized that the LGP-30 relationship between accumulator bits and tape
holes differs from that of NAREC. If Friden notation is followed and the bits on punched
tape are labelled 6,1,2,3,4,5; the NAREC read order places bits 6,1,2,3,4,5 in that order
in the least-significant portion of the U register. In 6-bit configuration the LGP-30 input
order stores bits 1,2,3,4,5,6 in that order in the least-significant portion of the pseudo-
accumulator after accomplishing a 6-bit left shift; in 4-bit configuration bits 1,2,3,4 are

stored in the least-significant portion of the pseudoaccumulator after accomplishing a
4-bit left shift.

A similar problem occurs in output. The NAREC PCU (i.e., print character) order

takes the six least-significant bits of the U register and punches them on channels 6,1,2,
3,4,5, in that order; the LGP-30 takes six bits from the track address of a P order of the
form 1,2,3,4,5,6 and rearranges and punches them on channels 6,1,2,3,4,5.

Since the simulator must read and produce LGP-30 tapes, and since the bit arrange-

ment in the pseudoaccumulator must parallel that of the LGP-30 accumulator, the simu-
lator must accomplish the proper permutations just subsequent to reading and just prior
to punching.

Simulator Initialization

Figures El and E2 show those subroutines within the simulator that are invoked to
communicate information to the simulator concerning the LGP-30 configuration being
simulated and to handle the question of pre-existing memory. (Figures El through E22
are located in Appendix E.)

Simulation of LGP-30 Sequencing

Figures E3 through E6 show those subroutines which are used to simulate the wired-
in sequencing routine of the LGP-30 and certain mechanical variations.

Flow of Control - Figure E3 illustrates the general flow of control. Order sequenc-
ing starts at 1000(R) - i.e., the right of location 1000 -which may be reached by the com-
pletion of the simulation of a previous order, by the simulated inverse N procedure, or
by the execution of the command RO 1000 by the NAREC operator simulating the activa-
tion of the start button on the LGP-30.

Since NAREC location 1001 (the pseudo-program-counter) contains the address of

the last order executed, it is necessary to increment this location before simulating the
next order. Whether this will be done immediately will depend on the contents of 1000(R),
which is set by the control word procedure. If the trace is not specified, 1000(R) contains
this increment order, and control passes normally to 1001. If the trace is specified,
1000(R) contains a switch to the trace procedure (LO 1498) which prints out information
pertaining to the previous order executed, increments location 1001(L), and exits to
1001(L).

At 1000(L) an order classification procedure is initiated which.fills the pseudo-

instruction-register, shifts the operand address to NAREC right-address position, and
transfers control to the proper order simulation subroutine.

The order simulation subroutines normally exit to a clock switch, although the A, S,
and D orders may exit to an overflow routine, which causes a printout of the order caus-
ing overflow and terminates the simulation. The clock switch states whether any input

12



or output devices would be operating on the LGP-30 being simulated. If this is the case,
a timing routine calculates the time required for execution of the order just simulated
and adds this time to the clocks that are running, thus correcting the simulated phases of
the single-revolution clutches, and then exits to 1000(R). If no clocks are running, control
passes directly to 1000(R).

The P and I orders exit directly to 1000(R) as any necessary clock adjustment is
done within the order subroutine. The I order may, however, cause the simulation to
cease when an input character is read that would have jammed the LGP-30 Flexowriter.

The Z order may or may not cause simulation to cease, as in the LGP-30, depending
on the phase of the single-revolution clutch in the selected output device.

Trace - Figure E4 details the operation of the trace. An examination of the order

just executed is made. If the order was not a U or an effective T, the location of the
order just executed is printed. The binary left address of NAREC location 1001 is trans-

lated to LGP-30 decimal track-sector notation. The instruction just executed is next
printed. Suitable coding converts the instruction bits into the proper alphabetic mnemonic,
and the address into track-sector notation. Finally, the contents of the pseudoaccumu-
lator are printed in LGP-30 hexadecimal notation.

If the order just executed was a U or an effective T, NAREC location 1001 will not

contain the location of that order but will instead contain a location one smaller than the

operand of the previous instruction. This scheme allows incrementation of that location
to initiate sequencing of the proper next order, but makes it impossible to print out the
location of the' U or effective T order in a trace routine. Therefore, in this case the
printout of the first column is replaced by spaces.

Timing Routine - The timing routine, illustrated in Fig. E5, is invoked when it is

necessary to determine how long the order just simulated would have taken on an LGP-30.

The time required for a M, N, or D order may be 73 or 137 sector times, depending
on whether the operand sector address is optimally located with reference to the sector

at which the order is located. For A,B,C,E,H,R,S,Y and ineffective Z orders, the time is

9 or 73 sectors. Ineffective T orders always require 9 sector times. The time req~uired
for a transfer of control is the actual number of sectors traversed, plus 64 if the number
is less than 4.

It must be remembered that the sectors on the LGP-30 drum are numbered in an
interlaced fashion. We will use underlined quantities to represent sector notation and

nonunderlined quantities to represent physical sector position or distance. If we adopt

the convention that 00 = 00, the drum addresses are interlaced so that 01 is located at 9,
02 at 18, or, in general,

K = [9_K] modulo 64"

Multiplying this relationship by 7,

[
7 K]modulo 64 [63K]]modulo64 = [-KImodulo 64 = 64-K;

Then,

K = 64- 1
7
K]modulo 64 = [-

7
K]modulo 64"

The question of whether an order located at sector address 0 and referring to an

operand with sector address p is optimal can be settled by computing the number of

sectors 8 between p and 0 +-1. If this number 8 is greater than 8, p does not lie

NAVAL RESEARCH LABORATORY 13
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between € and k + 1 and the order cannot be optimal. If 8 is less than 8, the order is
optimal provided that a is large enough to allow reading the next order on the same pass
as the fetch or store at p (or the next successive pass in the case of D, M, and N) and
small enough to allow processing the operand at p on the same pass after reading the
order at 0.

The limits on 5 vary with the different orders. For A,B,C,E,H,R,S,Y, and ineffec-
tive Z, the optimal values are 2 through 7; for N, 1 through 7; for M, 3 through 7; and
for D, 4 through 7.

Since the quantities k + 1 and p are available only in sector notation, the test is per-
formed indirectly. First, A = [(0+-1) - P] modul1o 64 is calculated. Then substituting,
A = [-71 1 modulo 64. Now if o < T 7 9, then -64 < -78 < 0 and A = [-781 modulo 64 = 64- 78.
Thus

A- I = 63-78 = 7(9- 8),

which is evenly divisible by 7. If however, 8 > 9, let 8 = 9 + 8' and 0 < S' < 55. Then,
A = [-78]modulo 64 = [-63- 78']modulo 64 = [1- 78'] modulo 64" Thus

A- = [-75']modulo 64 = a64-78' where a = entier {-}4+
Whereas 7 is prime, 64 and 7 are relatively prime integers, and 0 < a < 7; this assures
that A - 1 is not integrally divisible by 7. Therefore A- 1 will be integrally divisible by
7 only if 8 < 9, and in this case the quotient will equal 9 - S. Since the maximum per-
missible 8 is 7, the subroutine considers A- 15, which will be 0 for 8 = 7 and equal to
7/3 for 8 <7 where 18= 7-5.

The optimal values of 83 are 0 to 3 for the D order, 0 to 4 for M, 0 to 5 for most of
the other orders, and 0 to 6 for N. Thus, in the timing routine A - 15 is computed and a
quantity related to -,8.,, for the particular order is' loaded in a counter. A loop is
invoked which tests the sign of A - 15 and, if it is positive, decreases A- iS by 7 and
increases the counter by 1. This process may be terminated by a negative A -15- 7/3j
(which demonstrates that 8 is too large), by a zero value in the 83 counter (which demon-
strates a 8 too small), or by a zero A- 15 - 7,8j with a negative 83 counter (which demon-
strates an optimal order).

In the case of transfers of control, the time required to execute the order is

t = [P-95- 4] modulo 64 + 4

= [t' - 4] modulo 64 +4,

where t' = [P-k]modulo64"

Although the indirect scheme previously detailed is employed for the other orders,
since it avoids the relatively slow NAREC multiplications and divisions, it is neverthe-
less a good choice because t' is not a required answer and the decision of whether an
order is optimal can always be made in seven or less loops. In transfers of control,
however, where t' (the distance between any two arbitrary sectors) must be found, the
following more general method is employed.

Given

-= [k2-k1 modulo = [6-7k 2]modulo 64)- ([-7k1] modulo 64) modulo 64.---flOUIO ] -- -mouo't'Imod lo64~ b/mdlo6

-7[k2-kl] modulo 64] modulo 64 = [-7t']modulo 64

= 64C- 7t', %I

14
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where C is the least integer that makes t' positive. If we divide t' by 7 and denote the
integral quotient by A and the remainder by B, then

164C1 •..
A = D- t', where D is an integer = entier 64CI

and
B = [64C]moduIo 7 = 64C - 7D.

Then 9B - A = ((64C) - 63D - D + t' = t' + 64(9C - D), and since C and D are integers,

[qB-AJmodu1o 64 = t'

This technique is coded as a subroutine since it is necessary to compute various
times during the execution of the P order. It should be noted that (a) B is calculated
indirectly since the NAREC division order (order 70) does not yield a remainder, and
(b) the subroutine produces [t' - 2]1modulo 64 + 2 as each phase in the P order requires
at least two sector times.

After the order sequencing and execution time is calculated, an examination is made
of the clocks. If only the big clock is running, (i.e., if an output device only is in motion)
the answer is added to the big clock. If the big clock is still running, control is trans-
ferred to 1000(R), but if the clock has run out, a character is printed and the clock switch
is turned off before executing the instruction RO 1000.

If the little clock is on, the tape reader on the Flexowriter is operating. The expira-
tion of this clock indicates that the Flexowriter has read a frame of tape. The action to
be taken depends on the character contained on that frame and the state of the big clock.

In addition to this generalized timing routine entered by 13 orders under the clock
switch control, the P, I, and Z orders within their detailed simulation invoke the general
t' routine to calculate times needed for the control of the clocks and input-output devices.

Overflow Routine- Computation in an LGP-30 ceases when an overflow occurs dur-
ing the execution of an A, D, or S order. Overflow in NAREC does not cause computation
to cease, so in the detailed simulation of each of these orders an examination is made of
the pseudoaccumulator and the operand to determine whether overflow would have taken
place. If this is the case, these order simulation routines exit to an overflow routine
shown in Fig. E6, which prints a note stating that overflow has occurred, the location of
the order that caused overflow, the order itself, and the contents of the accumulator
before the order is executed. Actually, the order is not executed, and simulation ceases
with the memory and pseudoaccumulator representing the state of the LGP-30 before
execution of the order that would have caused overflow.

Simulation of LGP-30 Orders

The sequencing routine transfers control to one of sixteen subroutines, one for each
LGP-30 order. Upon completion of the subroutine, the simulated drum and the pseudo-
accumulator will contain the same information as in the real LGP-30, but there may be
variations in the contents of the pseudo-program-counter and in the state of input-output
devices and their clocks, as described previously, and in the subroutine descriptions
which will now be described.

Z Order (Fig. E7) - The simulator, just as the LGP-30, ignores a Z order if the
track bits agree with a depressed breakpoint button on the console (or in the case of the
simulator, agreement is checked with bits 1,2,3, and 4 of the control word). If there is a
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corresponding breakpoint down, control is switched to the master clock switch; however,
if after checking this possibility, no agreement is found, the simulator cannot automati-
cally distinguish between a true stop or a print delay. The LGP-30 is wired so that if
the Z order is in fact a delay-after-print, computation ceases until a mechanical device
in the output configuration (Flexowriter or fast punch) sends a start signal back to the
computer saying that it has finished its output work and that it is safe to continue com-
putation operations without risk of missing the execution of a future output command.
The simulator fills this mechanical gap by checking on the program-wound big clock (as
distinguished from the little clock which keeps" information for the I order) initiated in
the P order subroutine. If the big clock is running, it is turned off and the character
which is in the printer is recorded; if adding of this detection time makes the clock run
out, the character is printed and computation ceases. If the little clock is found running
and computation has not yet stopped, control is switched to the timing routine (RO 1200),
but if the little clock is not running, the master clock switch is turned off and the next
LGP-30 order is processed. If the big block was not running when the Z order was en-
countered, computation is stopped. The program may be restarted to pick up the next
LGP-30 order after an effective Z by the NAREC operator executing a RO 1000 instruc-
tion. (An effective Z will not be traced if that option is used.)

B Order (Fig. E8) - The contents of the pseudoaccumulator are replaced by the B
operand and control is transferred to the clock switch.

Y Order (Fig. E9) - The address portion of the pseudoaccumulator is stored in the
address portion of memory addressed by the order, and control is transferred to the
clock switch. The contents of the pseudoaccumulator and all other parts of memory
remain unaltered.

R Order (Fig. El0) - Add two to the pseudo-program-counter, store this as the
address portion of the operand of the R order, and go to the clock switch. The simulator
adds two, whereas the LGP-30 adds one because in the LGP-30 this counter always
reflects the address of the next instruction to be executed rather than the present one.

I Order (Fig. Ell) - The most-significant bits of the I-order address are placed in
the lowest significant bits of the pseudoaccumulator. The number of bits thus transferred
is 4 or 6, depending on the desired input mode. Various paths are then followed, depend-
ing on the type of input-output equipment needed for execution of the particular problem.

The big clock is checked. If the clock is running, the order is read and execution
times are added. If it is now off, the character from the printer is recorded and the
clock switch is turned off; if it is still running, the switch is left on and the I-order anal-
ysis proceeds. If the clock is off initially, proceed with the I analysis.

When Flexowriter reader input is used, the little clock, started by the POOxx order,
must still be on.* If this specification is not met, an error stop occurs; if it is met, the
clock is turned off, and the clock switch is turned off if the big clock is off. If manual
input through the Flexowriter is needed, then the little clock is not turned on, but the
light flag must be set to the ON position.

After the Flexowriter reader input coding has been proven to satisfy the above con-
dition, the technique of input word analysis merges with that of the fast reader input.

"'The little clock could have run out even though it was turned on, and if the character
read by its running out was a stop or pseudostop code, the clock remains off, thereby
causing a stop when this test is made. This simulates the stopping of the cam on the
Flexowriter and thereby stops the line of communication. If the character read when
the clock ran out was not one of these special characters, the clock is reset and the I-
order test condition is met, but that character is lost.

16
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A single character is read through the NAREC reader and is then checked for the type of e•n

code it represents, i.e., a normal code or one of the irregular codes shown in Table 3.

If it is a stop code, or some code that looks like a stop code on the LGP-30 input device,
the read process is abandoned, the accumulated word is placed in its proper position in rr

the pseudoaccumulator, and control is transferred to the order analysis, which calls for

the next chore to be done. If the character is a tape feed, code delete, or some other

character generally ignored by the input device, the accumulated word remains the same

and another character is read and inspected. If a character would jam the real LGP-30

device, a stop also occurs in the simulated LGP-30. When the character is found to be

normal, it is trimmed and/or rearranged according to the 4/6-bit input switch designa-

tion and placed at the right side of the accumulated word, and then the whole process of

character read is repeated. The effect here is the same as in the real LGP-30. If a

short word (less than 8 characters for 4-bit input or 6 characters for 6-bit input) is read

and the accumulator has not been previously cleared, the new word will be to the right of

the old, displacing an equal number of bits from the left of the old word.

Manual Flexowriter input is somewhat more complicated and, therefore, its use is

highly discouraged. All six bits of each character must be placed on the NAREC key-

board in tape code, and the simulator program will rearrange and/or extract a part of

each character depending on the 4/6-bit input switch (as designated in the control word)

and pack it into the new accumulated word. The NAREC keyboard must be filled from

the left-hand side and include the four NAREC bits making up the sign tetrad in order to

hold the maximum 8-character LGP-30 word. If 6-bit input is used, the last character
must always be a stop code. If a 4-bit input of less than 8 characters is used, a stop

code must follow the last information character. When the new word is completely as-
sembled, it is stowed in the pseudoaccumulator and control is returned to the analysis of

the next order (RO 1000). Invalid characters, tape feeds, and code deletes are not de-
tected when manual Flexowriter input is used. All information necessary for this type of
input is detailed in Appendix C.

D Order (Fig. E12) - Before this order is executed, a check is made on the numer-
ator and denominator. If the magnitude of the numerator is larger or equal to that of the
denominator, control is switched to the overflow routine. If in the initial test the denom-
inator is found to be the larger, the contents of the pseudoaccumulator are divided by the

Table 3
Irregular Input Codes

Flex Input Photo Input
Tape Dec. How Output Accum. Accum.
Code Code Achieved Tape

4-bit 6-bit 4-bit 6-bit

110101 43 f and z none none none 1010 101011
110111 47 g and z none none none 1011 101111
111001 51 j and z none none none 1100 110011
111011 55 k and z none none none 1101 110111
111101 59 q and z none none none 1110 111011
010100 40 uc and stop none start start start start
011000 48 cr and stop jam jam jam start start
010110 44 cs and stop jam start start start start
011010 52 bs and stop jam jam jam start start
001110 28 es and cr jam jam jam ignore ignore
010010 36 lc and stop jam start start start start
011100 56 tab and stop jam jam jam start start
011110 60 cr,lc, and stop jam jam jam start start
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D operand and the algebraic quotient is placed in the pseudoaccumulator. Here the pro-
grammer has the option of stowing 44 bits plus the sign bit if he so designates in his
control word. Program control is then transferred to the clock switch.

N Order (Fig. E13) - The contents of the pseudoaccumulator are multiplied by the N
operand. This produces a 62-bit product (or 89-bit product if full precision is used), bit
0 of which is the sign bit. Bits 31-61 of the resultant product are filled into bits 0-31 of
the pseudoaccumulator (or bits 31-79 into 0-44 for extended precision). Note that, as in
the LGP-30, the sign of the 0th bit of the pseudoaccumulator now merely indicates the
most significant magnitude bit of the resultant portion used and is no indication of the
sign of the word, although other arithmetic orders will interpret this as a sign bit in
further computation. Control is then transferred to the clock switch.

M Order (Fig. E14) - Multiply as in the N order, but place bits 0-31 of the same 62-
bit product in bits 0-31 of the pseudoaccumulator (or sign bit and 44 information bits for
extended precision). Control is then transferred to the clock switch.

P Order (Fig. E15) - This order is more complex than the others because most of
the work must be done in the simulator program on NAREC whereas it would normally
be done by the hardware on the actual LGP-30. First, for all types of P order, the sim-
ulator program sets the track bits of the order in a separate NAREC memory location
for easy accessibility. Then branches radiate according to the condition of the clock
switch and the type of input-output devices used.

In general, if the big clock runs out, a character is printed from the printer. It is to
be noted here that an output character is not printed immediately when a Pnnxx order is
encountered. Instead, upon detection of the effective P order, the character is stowed in
a pseudoprinter (NAREC location 126d). It is this character, or this character combined
through the logical summation with a character caused by an intervening Pnnxx order
when the big clock was still running, that is printed either when the clock runs out or
upon the encountering of a Z order. The little clock running out causes a character to be
pulled from the input tape, the character thus pulled ignored, and the clock reset to its
initial value of minus-six drum revolutions, unless the character read is a stop code or
pseudostop code. When such a character is read, the clock remains off, simulating the
effect of a like stop motion in the Flexowriter reader mechanism when it detects a stop
code.

With these things in mind we now detail each of the individual branches that a P or-
der might take, including how each of the clocks is initialized for a given case of circum-
stances and what happens if they should run out.

No Clock Is On At Present

A. Input P Order (POOxx)

a. Photoreader input: Go to the next LGP-30 order (RO 1000).

b. Flexowriter reader input: Turn on the clock switch, set the little clock to minus-
six drum revolutions plus execution time, then go to the next LGP-30 order (RO 1000).

c. Flexowriter manual input: Turn on the Flexowriter light flag, then go to the next
LGP-30 order (RO 1000).

18
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B. Output P Order (Pnnxx): Turn on the clock switch, then if:

a. Fast punch output: Set the big clock to minus-3-1/3 drum revolutions plus execu- ,.
tion time, put the character to be output in the printer, then go to the next LGP-30 order
(RO 1000).

b. Flexowriter output: If the character is a tab or carriage return, set the big clock
to minus-60 drum revolutions, but if it is any other character, set the big clock to minus-7
drum revolutions. Put this character to be printed in the printer, add the execution time
for the order to the big clock, and then go to the next LGP-30 order (RO 1000).

One or More Clocks Are Now On

A. Flexowriter input and output with input copy deleted (with this combination it is im-
possible for both clocks to be on at the same time)

a. The little clock is running: This means that a POOxx has started the clock, no I
order has intervened, and no stop code or pseudostop code has been pulled, if the clock
ran out, to keep it off permanently--i.e., the Flexowriter has been set into motion and no
I order has taken place to process any input information. From this point one of two
branches may be taken:

1. If adding the time it took to read the order makes the clock run out, a charac-
ter is pulled from the input tape. If this is not a stop or pseudostop code, it is ignored
and the clock set to minus-6 drum revolutions. The current P order is thereby ignored,
as in the case of the actual LGP-30 installation, because the Flexowriter is all ready
handling a job. If the character read is indeed a stop code, Flexowriter motion is stopped.
The current P order is then analyzed and handled in the same manner as if no clock were
on when this order was first encountered.

2. If adding the read time of the current P order did not turn off the clock, the
time that it would have taken to execute the P order is added. If the clock is still running,
control is switched to the next LGP-30 order; if this latter addition makes the clock run
out, a character is read. When the character is normal it is ignored, the clock is reset
to minus-6 drum revolutions, and control is sent to bring the next LGP-30 order (RO
1000); but if it is a stop or pseudostop code, the clock switch is turned off. In both of
these cases the character read and the current P order are ignored.

b. The big clock is running:

1. If adding of the read time of the current P order turns the clock off, the char-
acter from the printer is recorded on the output tape, and the current P order is treated
as if no clock were on when it was first encountered.

2. The big clock still on after adding the read time causes control to branch ac-
cording to the type of P order. If the current P order is an input type (POOxx), the time
that it would have taken to execute the order is added to the clock. If it now runs out, the
character from the printer is recorded, the clock switch is turned off, and control is
switched to the next LGP-30 order; if it does not run out with this addition, the next
LGP-30 order is analyzed (RO 1000). If the current P order concerns output (Pnnxx), the
time in the clock is studied. The result from this study either causes a decision of a
logical summation* of the current P-order character and the last, or the last character

*Logical summation occurs if less than two drum revolutions have passed since the last
effective P order for a normal character and if less than 10 drum revolutions have passed
in the case for a tab or carriage return when the mode of Flexowriter output is used.
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is printed and the current one is placed in the printer and the current P-order's address
recorded in a NAREC memory location to be printed out with a note upon the first LGP-30
effective Z order encountered. The execution time of the current P order is then added
to the clock. If the clock now runs out, the contents of the printer are recorded, the clock
switch is turned off, and the next LGP-30 order is called; if it does not run out, control
is sent to the next LGP-30 order (RO 1000).

B. Flexowriter input and output with input copied: This is the same as the combination
above, with the only exception of the reading of a character when the little clock runs out.
Here, when a character is read it is also copied on the output tape.

C. Photoreader input and fast punch output (with this combination of input-output de-
vices, only the big clock can be running): Add the read time of the P order to the big
clock. If the clock is now off, print the character from the printer. The current P order
is now processed. If it is a POOxx, control is switched to the next LGP-30 order (RO
1000) after first turning off the clock switch; if the current P order is a Pnnxx, set the
big clock to minus-3-1/3 drum revolutions plus the execution time of the order, place the
character to be printed into the printer, and go to the next LGP-30 order (RO 1000). If
the big clock is still running after adding the read time of the current P order and if this
order is a POOxx, add the execution time to the clock; if it is still on, go to the next
LGP-30 order (RO 1000), but if it is now off, print the character in the printer, turn off
the clock switch, and then go to the next LGP-30 order (RO 1000). If the big clock is still
running and the current P order is a Pnnxx, the amount of time in the clock is analyzed.
This study results in either a logical summation* of the current P-order character and
the last, or the last character is printed and the current one is placed in the printer with
the address of the current P order placed in NAREC memory to be printed upon the exe-
cution of the first effective Z order. Control is then switched to the next LGP-30 order
(RO 1000).

D. Photoreader input and Flexowriter output (with this combination only the big clock
may be running)

a. Adding the read time makes the big clock run out: Print the character in the
printer. If the current P order is of the form Pnnxx, set the big clock to the proper time,
i.e., minus-7 drum revolutions for a normal character or minus-60 drum revolutions for
a carriage return or tab, and add the execution time of the .P order. Place the character
to be printed into the printer and go to the next LGP-30 order (RO 1000). If the current
P order is of the form POOxx, turn off the clock switch and then go to the next LGP-30
order (RO 1000).

b. The big clock still on after adding the read time: If this is an input order (POOxx),
the execution time of the order is added to the big clock. If it is still running, control is
transferred to the next LGP-30 order (RO 1000); if the clock is now off, print the charac-
ter from the printer, turn off the clock switch, and then go to the next LGP-30 order
(RO 1000). If this P order is of the form Pnnxx, check the clock to see if it is in the log-
ical summation area.f If it is, take the logical sum of this character and the one in the
printer and place the result in the printer; if not, print the character from the printer,
place the one from the current P order in the printer, and place the address of this order
in a NAREC memory location to be printed upon execution of the next effective Z order.
Then go to the next LGP-30 order (RO 1000).

*Logical summation occurs if less than 29 sectors have passed since the last effective

Pnnxx order.
tLogical summation occurs if less than 2 drum revolutions have passed since the last
effective Pnnxx order for a normal character or 10 drum revolutions for a tab or car-
riage return.

20
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E. Flexowriter input and fast punch output: (both clocks may be on)

a. The little clock is not on: Add the read time to the big clock; if it is still on, treat 21
this order in the same manner as if this condition were present with Photoreader input rr
and fast punch output; if it is now off, print the character from the printer and test for the 'Z

type of P order. If it is an input POOxx order, set the little clock to minus-6 drum rev-
olutions plus execution time, and go to the next LGP-30 order (RO 1000); if it is an output
(Pnnxx) order, set the big clock to minus-3-1/3 drum revolutions plus execution time,
place the character in the printer, and go to the next LGP-30 order (RO 1000).

b. The little clock is on: Add the read time.

1. If the clock is now off, read one frame of tape. If the character read is not a
stop or pseudostop code, reset the little clock to minus-6 drum revolutions plus the exe-
cution time of the order, and go to section E.b.2., 3rd sentence, for explanation of the
handling of the big clock; if the character read is a stop or pseudostop code, leave the
clock off and check to see if the big clock is on. If it is indeed running, treat this order
in the same manner as if Photoreader input and fast punch output were used; if the clock
is off, however, check the type of P order. If it is a POOxx order, set the little clock to
minus-6 drum revolutions plus the execution time of the order, and switch control to the
next LGP-30 order; if it is a Pnnxx order, set the big clock to minus-3-1/3 drum revo-
lutions plus the execution time, place the character in the printer, and go to the next
LGP-30 order (RO 1000).

2. If the little 'clock is still running after the addition of the read time, add the
execution time. If the clock is now off, go to E.b.1. for further explanation. If the clock
is still on, check the big clock. If it is not on and the current P order is of the form
POOxx, go to the next LGP-30 order (RO 1000) because the Flexowriter is already han-
dling a job; if this P order is of the form Pnnxx, set the big clock to minus-3-1/3 drum
revolutions plus execution time, set the new character in the printer, and transfer con-
trol to the next LGP-30 order (RO 1000). When the big clock is on, add the read time of
the current P order and check to see if it is still on. If it is not, print the character from
the printer and check for the type of the current P order. If it is of the form P00xx, go
to the next LGP-30 order (RO 1000); if the order is of the form Pnnxx, set the big clock
to minus-3-1/3 drum revolutions plus the execution time, place the new character in the
printer, and transfer control to the next LGP-30 order (RO 1000). If adding the read
time to the big clock does not turn it off, the type of order is examined. If it is a POOxx
order, the execution time is added to the big clock. When it is still on, control transfers
to the next LGP-30 order, but if it is turned off by the addition, the character in the
printer is recorded and then control is transferred to the next LGP-30 order (RO 1000).
If we detect a Pnnxx order with the big clock still running after adding the read time, we
check for the possibility of a logical summation.- The decision is then made whether to
logically sum this character with the one in the printer and stow the result in the printer,
or to print out the old character, stow the new one in the printer, and stow the location
of this latter P order to be printed out upon execution of the next effective Z order. The
execution time of this P order is then added to the clock. If it is still on, transfer control
to the next LGP-30 order (RO 1000); if not, print the character in the printer and then go
to the next LGP-30 order (RO 1000).

E Order (Fig. El6) - Mask the contents of the pseudoaccumulator by the E operand,
i.e., keep all the bits in the pseudoaccumulator that match those in the E operand and de-
lete all others. Then go to the clock switch (LO 1200).

*Logical summation occurs if less than 29 sectors have passed since the last effective
Pnnxx order.
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U Order (Fig. El7) - Place the operand address of the U order, minus one, into the
pseudoprogram counter and proceed to simulate the LGP-30 sequentially from there.
The reason that a one must be subtracted is that before executing the next order the
present U order must be timed if any clock is found running, and this timing routine
automatically increments the program counter, i.e., if we did not subtract the one, the
next LGP-30 order executed would be the one in the U operand address plus one location.
The address of this order is then stowed with a minus sign in NAREC memory to tell the
timing routine that the current order to be timed was a transfer of control order. Then
control is transferred to the clock switch (LO 1200).

T Order (Fig. E18) -If this order is detected and a bit is found in the sign position
of the pseudoaccumulator, or a bit in the sign position of the pseudoprogram register
with a bit in the fifth position of the control word, proceed with analysis as in the U or-
der; otherwise ignore this order. Then go to the clock switch (LO 1200).

H Order (Fig. E19) - Store the contents of the pseudoaccumulator in the pseudo-
LGP-30 memory location designated by the H address. Normally, 31 bits are thus stored,
but if the programmer wishes he may store all 45 bits available into the memory location
by placing a bit in the sign position of the control word. The contents of the pseudo-
accumulator are unaltered by this operation. Then control is transferred to the clock
switch (LO 1200).

C Order (Fig. E20) - Store the contents of the pseudoaccumulator in the pseudo-
LGP-30 memory location designated by the H address and set the pseudoaccumulator to
zero. Normally, 31 bits are thus stored, but if the programmer wishes he may store all
45 bits available into the memory location by placing a bit in the sign position of the con-
trol word. Then go to the clock switch (LO 1200).

A Order (Fig. E21) - If the absolute sum of the A operand and the pseudoaccumulator
is greater than or equal to one, the simulator transfers control to the overflow routine.
If there is no overflow, the A operand is added to the contents of the pseudoaccumulator,
,the result is stowed in the pseudoaccumulator, and control is transferred to the clock
switch (LO 1200).

S Order (Fig. E22) - When the signs of the two quantities involved are not identical,
compute the sum of their absolute values. If this results in a number greater than or
equal to one, the simulator transfers control to the overflow routine. If the signs of the
two quantities are identical, or if they are not but no overflow can occur, the S operand
is subtracted from the contents of the pseudoaccumulator, the result is placed in the
pseudoaccumulator, and control is transferred to the clock switch (LO 1200).

CONCLUSIONS

It has been found possible to construct a NAREC program that permits the execution
of LGP-30 machine-language programs at a greater speed than on the actual LGP-30.

While this program was written to allow the use of programs written and debugged
on the LGP- 30 by an organization now lacking the active use of this computer, other or-
ganizations having access to NAREC may find it desirable to use this system.

The factors tending to favor the use of the system include:

1. Problems monopolizing an LGP-30 and preventing its use in its legitimate role in
close-support guidance of research

2. Desire to use the LGP-30 operator-programmer in more productive tasks

22



NAVAL RESEARCH LABORATORY 23

3. Programs which are computation-limited and could therefore run much faster on
NAREC

4. Breakdown of the LGP-30

5. Programs that are so complex that it is necessary to secure additional LGP-30
computers or pay overtime charges

6. Removal of an LGP-30 computer from a site where great programming effort
exists for that computer.

The factors tending to discourage the use of this system would include:

1. Incompletely debugged programs

2. Input-output-limited programs which would not run very much faster on NAREC
when the LGP-30 is not being used for other work

3. Short programs which are run concurrently with the performance of experiments
and which continuously guide the course of the experiment.

In recent months the simulator program has been actively used on a variety of pro-
grams with extremely satisfactory results, both to the Radio Division and to several
other groups within the Laboratory. These programs include simulations of a major two-
computer system, an Act I compilation and subsequent computation, a research project
of the Sound Division, and various short-run problems. Over 300 hours of NAREC com-
puter time have been used to date.
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Appendix A

SIMULATOR EFFICIENCY

The simulation ratio, or the speed gain of a simulation, is dependent on the time re-
quired for the execution of a particular code on both the LGP-30 and the simulator. The
first quantity is determined by the coding and is calculable, provided latency is taken
into account, but the second depends on a number of variables. NAREC is an asynchro-
nous machine, and the time required to execute a particular NAREC order is determined
by activator timings that are subject to month-to-month adjustments and relations be-
tween the time of occurrence of completion signals and the phase of the core memory.
Furthermore, even if activator times are held constant, the execution times of various
NAREC orders, particularly multiplication, are variable and dependent on the bit struc-
ture of the NAREC operand. Finally, the path taken by the simulator itself may vary with
the LGP-30 operand.

Nevertheless a method of predicting simulation ratio is desirable in analyzing
whether or not it is worthwhile to simulate a particular program. Table Al presents in-
formation which reflects simulation speed for typical operands with NAREC running at
April-1962 activator times. These activator times, while not the fastest that have ever
been maintained, probably represent the fastest times that can be safely predicted to be
maintained in the future. LGP-30 speeds and simulation ratios are calculated on the
basis of 3600-rpm drum rotation. The quantities in parentheses in Table Al are sensi-
tive to the bit structure of the operand.

The greatest simulation ratios occur for nonoptimal orders and for multiplication
orders. Thus a program could exhibit a simulation ratio of as much as 35, while a pro-
gram consisting of optimal short orders could exhibit a simulation ratio of as little as
3.5. In an attempt to illustrate realistic cases, Table A2 was calculated under the as-
sumption that the program executed an equal number of M, N, and D orders, and a suit-
able mix of short orders with an average simulation time of 635 gsec. The entry param-
eters in Table A2 are the multiplication load, which is defined as the number of M, N,
and D executions divided by the total number of order executions, and the fraction of the
executions which are optimal, assuming that this fraction is the same for both long and
short orders.

It may be seen that for 10-percent optimization (which would occur accidentally if no
attempt at optimization were made) the simulation ratio is about 26. As the optimization
increases, the simulation ratio decreases and shows sensitivity to multiplication load,
decreasing for decreasing multiplication load.

In practice, programs tend to consist of combinations of highly optimized standard
subroutines and unoptimized special coding. The Royal-McBee Sine Subroutine 14.0, in
which all orders except transfers of control are optimal, exhibits a simulation ratio of
9. A typical program might spend half its time in such highly optimized subroutines and
half its time in nonoptimal private coding. Note that this assumption implies that most of
the orders executed are in the subroutines, as the subroutines execute more orders per
second than the private coding. In this case the simulation ratio would be 1/4(0.5/9).+
(0.5/26)] = 12. Note that the ratios 9 and 26 cannot be simply averaged, as this would
imply that an equal number of orders were executed in the subroutines and the private
coding.
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Table Al
Simulation Speed for LGP- 30 Orders

Simulator Nonoptimal LGP-30 Order Optimal LGP-30 Order
Order Time

(gsec) Time (Msec) Simulation Ratio Time (gsec) Simulation Ratio

B 533 19010 35.7 2344 4.4

Y 724 19010 26.3 2344 3.2

R 876 19010 21.7 2344 2.7

D 1352 35677 26.4 19010 14.1

N (1605) 35677 (22.2) 19010 (11.8)

M (1049) 35677 (34.0) 19010 (18.1)

E 549 19010 34.6 2344 4.3

U* 838 17448 20.8 1042 1.2

Tf 498 2344 4.7 2344 4.7

H 567 19010 33.5 2344 4.1

C 662 19010 28.7 2344 3.5

A (604) 19010 31.5 2344 3.9

S (723) 19010 26.3 2344 3.2

*Or effective T order. The times stated represent the maximum and minimum possible

times; intermediate values are more likely.
tIneffective T order.
Note: Times and ratios in parentheses are subject to variation.

Table A2
Simulation Ratio as a Function of Multiplication Load

and Degree of Optimization

Simulation Ratio for Various Ratios of
Multiplication Optimal Executions to Total Executions

Load
0.1 0.3 0.5 0.7 0.9

0.0 27.3 22.1 16.8 11.6 6.3

0.2 26.7 22.4 18.1 13.8 9.5

0.4 26.2 22.6 19.0 15.3 11.7

0.6 25.9 22.8 19.6 16.4 13.3

rr
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The simulation ratio in input-output is a complicated matter, dependent on the input-
output subroutines being simulated, the devices being simulated, and interrelations be-
tween the subr6utine, the simulator coding, and the NAREC input-output devices. In
general, a routine that does not slow down the LGP-30 photoreader will exhibit a simu-
lation ratio of a little better than 2 when reading tape, while a Flexowriter input process
will show a substantial simulation ratio. Simulator output generally proceeds at about 40
frames per second if the program would have been punch- or Flexowriter-limited on the
LGP-30, representing simulation ratios of 2 and 4, respectively. In practice, output
routines utilizing the LGP-30 punch do not us6 it with maximum efficiency and tend to
exhibit simulation ratios of nearly 4. In general, simulation ratios are less for input-
output operations than for calculations, and the overall simulation ratio decreases as
input-output load increases. Table A3 is an attempt to predict simulation ratio for vari-
ous combinations of subroutine utilization and input-output loading. For example, the
simulation of ACT I compilations, which are highly optimized and have considerable
input-output, exhibits a simulation ratio of 7.4 when the second printing is omitted and
6.1 when this printing is included.

Table A3
Simulation Ratio as a Function of Input-Output Load and the

Degree of Utilization of Highly Optimized Subroutines

Simulation Ratio for Various Degrees of
Input-Output Utilization of Highly Optimized Subroutines

Load
Negligible Moderate High

Negligible 26 12 9

Moderate 10 8 5

High 6 5 4

An extension, currently under way, is to translate common Royal McBee subroutines
into NAREC language. With suitable modifications to the sequencing simulation, these
subroutines could be directly executed in NAREC language rather than by simulation.
Preliminary studies indicated that high effective simulation ratios would be possible
through this technique.

At the time of this writing this scheme has been implemented for a limited number
of subroutines. This implementation is contained in NAREC tape No. 4321A only. If this
tape is used and the programmer does not desire to use this feature, the right-address
position of the control word must contain zero. If this position contains some nonzero
number n, the simulator expects to receive n subsequent subsidiary control words. Each
of these words is placed on the switchbox in the form XXXX YY YYOO 00, where XXXX is
the commonly used identification number of the LGP-30 routine and YYYY is the decimal
track-sector' notation of the first location of that subroutine. The subroutines, identifica-
tion numbers, and simulation ratios are listed in Table A4.

The technique used, shown in Figs. Al and A2, is to combine information known to
the simulator about the subroutine together with the specification of its starting location
to generate a table of operand addresses for R orders, which may be the beginning of a
subroutine call, and the operand addresses for U orders following these R orders which
constitute the call. It should be noted that more than one R order is possible for some
subroutines and that, for a given R address, more than one U address is meaningful.
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Identification,
Table A4

Relative Execution Time, and Simulation Ratio of Subroutines

Fig. Al - Extension of R order code sheets
and flowchart

27
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Identi- Relative Ex. Time Simulation Ratio

LGP-30 Name fication Normal Direct Normal Direct
(XXXX) LGP-30 Sim. Sim.

Sine-Cosine 14.0 0140 33.4 3.71 1.00 9.0 33.4

Log 18.0 0180 81.8 13.2 1.00 6.2 81.8

Square Root 15.1 0151 281 36.9 1.00 7.6 281

Arc Tan 16.0 0160 38.4 3.4 1.00 11.3 38.4

Arc Sin - Arc Cos 20.0 0200 533 74.8 1.00 7.1 533

Exponentiation 17.0 0170 25.9 2.64 1.00 9.8 25.9
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In the simulatfon of each R order the operand address is compared against the table.
If the address corresponds to a.table entry, the next order is examined. If it is not a
proper subroutine entry, the R and subsequent orders are simulated in normal fashion; if -.

it is a subroutine entry, control is transferred to a procedure which accomplishes the
same function as the subroutine.

The following points should be carefully noted:

1. The specification of a direct subroutine simulation does not affect the simulated
LGP-30 memory; the subroutine will be at the specified location only if it is placed there
in the normal fashion.

2. It is not necessary to place the subroutine in the implied location; indeed, it is
possible to use this space on the pseudomemory for other coding or data, though such a
program would not properly run on the physical LGP-30.

3. A subroutine directly simulated has no effect on the working storages (internal or
track 63) of the subroutine.



Appendix B

TRANSLATION METHODS

All discussions that follow assume that we are working in 4-bit rather than 6-bit
syllables. If 6-bit is needed, a bit-by-bit inspection is necessary.

Translation of the Pseudo-Program-Counter

The simulator program maintains the LGP-30 pseudo-program-counter in the left-

address portion (bits -3 through 12) of NAREC location 1001. Bits 1-6 are used to hold
the track portion and bits 7-12 are used to hold the sector portion of the LGP-30 address,
as shown in Fig. B1. Thus, since the maximum LGP-30 memory location is 6363 or 4096
words, the maximum address that this pseudocounter can hold is Offf in hexadecimal.

To take an example, if a program stops and we wish to see the location of the stop,
call location 1001 to the NAREC display device and read the contents. If this should read
09b250100d42 in NAREC hexadecimal, as shown in Fig. B1, we take the left 16 bits, break
bits 1-12 into two groups, and find that we have the LGP-30 track-sector address of 3850.
Conversely, if we wish to start a program with location 3850 and do not wish to transmit
this by paper tape or manual keyboard input, the LGP-30 address 3850 can be translated
to the NAREC 'form of the address, 09b2, this number being filled in manually in bits
1-12 of location 1001 by the NAREC operator (who must be sure to reproduce the rest of
the word in 1001), and the programmer may then instruct the NAREC operator to execute
a LO 1001 instruction on the NAREC console, which will pick up simulation starting with
the operand of LGP-30 location 3850.

To save time, the relationship between the LGP-30 track-sector notation and the
NAREC notation for these 12 bits is summarized in Table B1. For the example above,
the NAREC name of LGP-30 location is found by adding the track notation of 38 from the
left column, 0980, and hexadecimally adding the sector notation for 50 from the right
column, 0032, to obtain the desired result 09b2. Translation from NAREC notation to

NAREC LEFT ADDRESS:
PSEUDO-INSTRUCTION-REGISTER PART OF SIMULATOR PROGRAM-REMAINS THE SAME

NAREC NAME I I

o0 9 B 2 15 0 0 0 D 4 2

ACTUAL NAREC 0000 1001 1 011 0010 010 1 000000010000 0000 1 101 0100 0010
REGISTER CONTENTS
(LOCATION 1001)

1 38 1 50

LGP-30 NAME '\TRACK kSECTOR)

Fig. Bl - Bit placement in the pseudo-program-register

30
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LGP-30 notation is achieved by dividing the address 09b2 into the portions 0980 and 0032
and finding these values to be the LGP- 30 notation 38 and 50, respectively, to make up
the LGP-30 address 3850.

Table B1
Program-Counter Translation

LGP-30 Track- NAREC Hexadecimal LGP-30 Track- NAREC Hexadecimal
Sector Notation Notation Sector Notation Notation

00 0000 0000 32 0800 0020
01 0040 0001 33 0840 0021
02 0080 0002 34 0880 0022
03 00cO 0003 35 08c0 0023
04 0100 0004 36 0900 0024
05 0140 0005 37 0940 0025
06 0180 0006 38 0980 0026
07 olco 0007 39 09c0 0027
08 0200 0008 40 OaOO 0028
09 0240 0009 41 0a40 0029
10 0280 000a 42 0a80 002a
11 02c0 000b 43 OacO 002b
12 0300 000c 44 ObOO 002c
13 0340 000d 45 0b40 002d
14 0380 000e 46 0b80 002e
15 03c0 00Of 47 ObcO 002f
16 0400 0010 48 OcOO 0030
17 0440 0011 49 0c40 0031
18 0480 0012 50 0c80 0032
19 04c0 0013 51 Occo 0033
20 0500 0014 52 Wdoo 0034
21 0540 0015 53 0d40 0035
22 0580 0016 54 0d80 0036
23 05cO 0017 55 OdcO 0037
24 0600 0018 56 OeOO 0038
25 0640 0019 57 0e40 0039
26 0680 001a 58 0e80 003a
27 06c0 001b 59 OecO 003b
28 0700 OOlc 60 OfOO 003c
29 0740 001d 61 0f40 003d
30 0780 00le 62 0f80 003e
31 07c0 0olf 63 OfcO 003f

Translation of the Pseudo-Instruction-Register

The pseudo-instruction-register is kept in NAREC location 100d and reflects the
same information as does the actual LGP-30 instruction register, but the names used are
different. Figure B2 shows the register with an example instruction. Note that the bits
*occupy the same actual bit names, i.e., bit 1 of NAREC is the same name as bit 1 of the
LGP-30. However, the difference shows up in the way that these bits are grouped to
form the hexadecimal name of the same bit-by-bit representation.

If the programmer wishes to represent the order S 4961, he could manually write out
the bit-by-bit representation as shown in the figure and then mentally divide the bits into
groups of four in the NAREC manner in order to get the NAREC equivalent of the desired
word. However, this is a tedious task and a short-cut method seems desirable. If the

i-...
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NAREC - O001e63e8000-S4961

ORDER TRACK SECTOR
f-\ v

.3 0 4 a 12 16 20 24 28 32 36 40 44-V V V VVV V V v •V_

00000000 000000011 II 100 00111110 1 0 0 0 0 0 0000000 00000000

A A AA•A . A A
0 3 7 II IS 19 23 27 31

N A I/
ORDER TRACK SECTOR

LGP-30 000W31W4 =S4961

Fig. B2 - Bit placement in the pseudo-instruction-register

desired word to be translated is in the LGP-30 hexadecimal form, for example 000w31w4,
which is the equivalent to S 4961, then it appears that if this number were multiplied
hexadecimally by two and placed correctly within the NAREC word we would have the
correct result. As Fig. B2 shows, the last three NAREC hexadecimal characters must
be zero, and a zero must be placed at the left of the word to allow for the sign. Perform-
ing the required multiplication for the above example then gives the result

0 [000w 31w4] 000
2

0 00le 63e8 000 = 0001 e6 3e80 00.

If the LGP-30 hexadecimal representation is not available to use for the translation, the
programmer may use the second part of Table B2. The NAREC equivalent is here ob-
tained by hexadecimally adding the NAREC name for the individual order code, track, and
sector. Thus in the above example, the result would be

0001 eO 0000 00
0000 06 2000 00
0000 00 1e80 00
0001 e6 3e80 00

When the LGP-30 instruction contains a counter to the left of the address, the translation
may be done only by the bit-by-bit inspection method or by the LGP-30 hexadecimal to
NAREC hexadecimal method.

Translation from the contents of NAREC location 100d to its equivalent LGP-30 name
is done by breaking the word into the three groups of bits, i.e., order bits 11-15, track
bits 17-23, and sector bits 23-29, and looking these up in Table B2 to get the desired
result.

Translation of the Pseudoaccumulator

The method used to translate the instruction register for NAREC location 100a is the

same as the hexadecimal-to-hexadecimal translation described in the previous section.

HEX NOTATION

NAREC LGP-30 DECIMAL
A F 0
B G I
C 1 12
D K 3
E 0 14
F W 15

32



NAVAL RESEARCH LABORATORY

Table B2
Pseudo-Instruction-Register Translation for Hex-to-Hex

Notation and for Track-Sector-to-Hex Notation

Hexadecimal Notation Hexadecimal Notation

LGP-30 Order NAREC Code LGP-30 Order NAREC Code

Z 0000 00 0000 00 E 0001 20 0000 00
B 0000 20 0000 00 U 0001 40 0000 00
Y 0000 40 0000 00 T 0001 60 0000 00
R 0000 60 0000 00 800 T 1001 60 0000 00
I 0000 80 0000 00 H •0001 80 0000 00
D 0000 a0 0000 00 C 0001 aO 0000 00
N 0000 cO 0000 00 A 0001 cO 0000 00
M 0000 eO 0000 00 S 0001 eO 0000 00
P 0001 00 0000 00

NAREC Hexadecimal Notation
LGP-30 Track-
Sector Notation Equivalent Equivalent

for Track for Sector

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
2000
4000
6000
8000
aOOO
cOOO
eOOO
0000
2000
4000
6000
8000
a000
cOOO
e000
0000
2000
4000
6000
8000
aOOO
cOO0
eOOO
0000
2000
4000
6000
8000
aOOO
cOOO
eOOO

00
00
00
00
00
00
00
00
00
00
00,
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0080
0100
0180
0200
0280
0300
0380
0400
0480
0500
0580
0600
0680
0700
0780
0800
0880
0900
0980
0OaO00
0a80
0ObOO00
0b80
0OcOO00
0c80
0OdOO00
0d80
0OeOO00
0e80

0Of 00
Of 80

33

Table continues

re'!'

O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00

O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
O00
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Table B2-Continued

NAREC Hexadecimal Notation
LGP-30 Track-
Sector Notation Equivalent Equivalent

for Track for Sector

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
2600
4000
6000
8000
aOOO
cO00
eOOO
0000
2000
4000
6000
8000
aOOO
cO00
eOOO
0000
2000
4000
6000
8000
aOOO
cO00
eOOO
0000
2000
4000
6000
8000
aOOO
cO00
eOOO

The LGP-30 hexadecimal word is multiplied by two, and the proper number of zeros is
added. Two more examples are here provided for the programmer.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1000
1080
1100
1180
1200
1280
1300
1380
1400
1480
1500
1580
1600
1680
1700
1780
1800
1880
1900
1980
laOO
la80
1bOO
1b80
lcOO
lc80
1dO0
ld80
leO0
le80
if 00
If 80

0 [wwww wwwq] 000 0 [j679 24wl] 000
2 2

1 ffff fffc 000 = ifff ff ffc0 00, 1 8cf2 49e2 000 = 18cf 24 9e20 00.

Translation of Bootstrap

In normal practice, the PIR 10.4 is placed into the LGP-30 pseudo-drum-memory by

the execution of the instruction LO 1068 by the NAREC operator. As this subroutine has
already been stored in NAREC memory in a transliterated form there is no need for use

of the bootstrap program. All that need be done is to transfer the transformed version

of PIR into its proper locations. However, if the programmer wishes to use another type
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of program input rbutine that is written in LGP-30 language, he must first translate a
bootstrap program into NAREC .language.

When an LGP-30 operator uses the !'manual input--fill instruction--execute" push-
button sequence to load a bootstrap, he is loading by use of wired functions independent
of input routines. In simulation, a bootstrap is also loaded by a wired function, i.e., the
NAREC 32 order. The essential difference is that the bootstrap must be translated into
NAREC language (as just described in the section on translation of the instruction regis-
ter) and prepared on a NAREC Flexowriter. The translation of the normally used boot-
strap for PIR 10.4 is given in Table B3.

To load the PIR into the pseudo-drum-memory, the beginning location of the'boot-
strap routine is translated by the methods just described in the section entitled transla-
tion of the program counter. This number is then loaded into the program counter (left
address of NAREC location 1001) and also given to the NAREC operator with the instruc-
tions to read the translated bootstrap tape into that location and then to perform LO 1001
with the LGP-30-coded PIR tape on the reader. In the example shown, we wish to start
filling the bootstrap program into the NAREC equivalent of 6300. To do this we instruct
the NAREC operator to perform a Rd OfcO order with the bootstrap tape (NAREC coded)
on the reader. To execute this routine, instruct the operator to place the NAREC word
OfcO 50 100d 42 into location 1001 and then execute the order LO 1001.

Table B3
Coding of the Bootstrap Program

NAREC LGP-30

(cr) 000C3wOO'
nnnn OOOP 0000'
(cr) 000C3w04'
(tab) 0001 00 0000 00 (tab)(cr) 00010000'
(tab) 0000 80 0000 00 (tab)(cr) 000C3w08'
(tab) 0001 a7 e280 00 (tab)(cr) 000C3w14'
(tab) 0001 00 0000 00 (tab)(cr) 00OC3wOJ'
(tab) 0000 80 0000 00 (tab)(cr) OOOP 0000'
mmmm 00OC3wlO'
(cr) 0001 0000'

00OU3wOO'
Loaded into NAREC location OfcO 000Z 0000'

which is the LGP-30 equivalent
6300 or 3w00



Appendix C

SIMULATED FLEXOWRITER MANUAL KEYBOARD INPUT

When the programmer chooses the option of Flexowriter manual keyboard input and
an I order is detected by the simulator, NAREC comes to a switchbox stop if the light
flag is up when this order is analyzed. This means that the computer needs more infor-
mation that can be conveyed through the loading of a word in the NAREC switchbox. This
switchbox, located on the NAREC console, consists of 48 toggle switches representing
each individual bit of a NAREC word. Since the maximum LGP-30 input word will have
eight characters, the NAREC word will be able to represent each of these in a six-bit
form. The simulator processes the word thus transmitted by a character-by-character
scan. Each 6-bit character is inspected, starting at the left-hand side of the NAREC
word, and either four or six bits of the character, depending on the control word designa-
tion, are shifted into the least-significant bits of the pseudoaccumulator. This process is
terminated when either a stop code is detected or when eight characters have been proc-
essed.

The simulation procedure differs from that of the actual LGP-30 in that the program-
mer must manually provide all six bits of each character needed, rather than just simply
pressing a button on a Flexowriter. Each character must be in tape code format. When
less than eight characters are used, the simulation of pressing the start-compute button
is accomplished by loading a stop code, also in tape code format, immediately to the right
of the last information character. When the full eight information characters are used,
the simulator automatically performs this task. The simulator then does the work of the
LGP-30 circuits by rearranging the bits, if 6-bit input is required, or by extracting the
proper 4 bits, if that type of input is designated. The simulator program does not check
for characters to be ignored or invalid characters for this type of input, i.e., all possible
combinations of the 6-bit character code, except the stop code, are acceptable to the
simulator and will be entered in rearranged form into the pseudoaccumulator; only the
noncontrol character codes connected to the Flexowriter keys can enter the computer by
this method on the actual LGP-30. The only exception to the rule for the simulator is the
tab, where four or six zeros replace the original character to be shifted into the pseudo-
accumulator.

Following are several examples of different types of LGP-30 words and how they are
translated into the NAREC word for the switchbox. After the NAREC word has been
placed into the switchbox, instruct the NAREC operator to push the NAREC Transfer
Buttons.

Example 1

Figure C1 shows a particular bit pattern that might be used. Note that the bits be-
tween each pair of arrows represent a character, the bit to the far right in each case
containing a one, and the most-significant bit a zero, except for the last character which
represents a stop code. This is true of all number input codes. The other bits of each
character are filled in the usual bit-by-bit fashion which is summarized in Table Cl.
The NAREC word b5304d7c1400, which would be given to the NAREC operator for the
switchbox as shown in Fig. Cl, could represent one of two words on the LGP-30. It could
be the NAREC hexadecimal notation for either the short 4-bit input word 6906w0', which
enters the pseudoaccumulator as the NAREC equivalent of xx6906w0, where xx represents
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the two hexadecimal digits that were at the far right of the previous contents of the
pseudoaccumulator, or the 6-bit input word 6906w0', which enters the pseudoaccumulator
as the NAREC equivalent of the LGP-30 word 6e609fw8.

IZ::

b 5 3 0 4 D 7 C 4 0 0

1121 !I !21122!Jo9999119 I I i oI 012. ,11.11!921902219192122221000o1
LGP-30NAME t6 t 9 t 0Ot 6 It W t 0 t "STOP" t

Fig. CI - Input of a data word byFlexowriter

Table Cl
Bit-by-Bit Representation of Characters to Make Up

Switchbox Word for Flexowriter Manual Input

Representations

Numerical Commands Controls Balance of SignsKeyboard

)0 000001 Zz 100000 Lower Case 000010 :; 100111 = + 100101
Li 000011 Bb 100010 Upper Case 000100 ?/ 101001 - 100011
"2 000101 Yy 100100 Color Shift 000110 ]. 101011
#3 000111 Rr 100110 Carriage Return 001000 [, 101101
$4 001001 Ii 101000 Back Space 001010 Vv 101111
%5 001011 Dd 101010 Tab 001100 Oo 110001

6 001101 Nn 101100 Cond. Stop (') 010000 Xx 110011
&7 001111 Mm 101110 Start Read 000000
'8 010001 Pp 110000 Space 100001
(9 010011 Ee 110010 Code Delete 111111

Ff 010101 Uu 110100
Gg 010111 Tt 110110
Jj 011001 Hh 111000

Kk 011011 Cc 111010
Qq 011101 Aa 111100

Ww 011111 Ss 111110

Example 2

Control words recognized by the PIR will probably be the most commonly needed by
this type of input. For this reason each of these words is discussed below, together with
short-cut methods for translating each for the NAREC operator.

1. Figure C2 shows the bit configuration for a comma code when the word is
,0000000'. The number of hexadecimal words that are to be loaded will have to be filled
in the bit-by-bit manner using the numbers shown in Table Cl. The skeleton word in
NAREC hexadecimal is b41041041041; for a one-word fill, the NAREC word is
b41041041043; for a 49-word fill, the NAREC word is b410410410e3.

2. The start-fill (;) code shown in Fig. C3(a) represents the start fill into location
zero, given to the NAREC operator as the hexadecimal word 9c1041041041. In general

NAREC NAME
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NAREC b 4 I 0 4 I 0 4 I 0 4 I
NAME I__1__O10_1000_1 _0 0 0_o0000'00_OIOOIO-O-20_2011

LGP-30 1
NAME 0 0 0 0 0 0 0

Fig. C2 - Input of comma control word

practice this code will be used mostly to load information into locations different from
zero. This may be done either by the bit-by-bit method using Table C1 or by looking up
the track-sector address in Table C2 and getting the equivalent NAREC notation. For
example, the basic NAREC code word will always be 9clO4lxxxxxx, where xxxxxx repre-
sents the decimal track-sector of the first location to be filled. Suppose we wish to start
stowing information into location 4729 by a bit-by-bit method, the resulting NAREC word

is 9c104124f153. By looking at Table C2 we find that the desired address is again 24f153,
and with the constant part of the start-fill instruction combined, the same entire word
results (, 9c104124f153). 'To start filling into location 1010, the NAREC result would be
9clO4lOclOcl.

NAREC
NAME

LGP-30
NAME

NAREC
NAME

LGP-30
NAME

9 C I 0 4 I 0 4 I 0 4 1

11001100-o Iooo I oo-l, I l-o,_oIol-o 0 000I o00101001000 1 o I oo 001I

t 0 t 0 0 t 0~ t 0 0 t 0

(a)

9 C I 0 4 I 2 4 f I 5 3

110191I1 9100 210)0010)10100100011001010100 1 11000 2±121010 21 100

0 0 0 4 7 2 9

(b)

Fig. C3 - (a) Input of start-fill code for location 0000 and
(b) Input of start-fill code for location 4729

Table C2
6-Bit Representation of Track and Sector for NAREC Switchbox Word

LGP-30 Track- NAREC NAREC LGP-30 Track- NAREC NAREC

Sector Notation Notation Notation Sector Notation Notation Notation
for ;/.+ for v for ;/.+ for v

00 041 041 16 Ocd Ocl
01 043 043 17 Ocf 0c3
02 045 045 18 Odl Oc5
03 047 047 19 0d3 0c7
04 049 049 20 141 0c9
05 04b 04b 21 143 0cb
06 04d 04d 22 145 Ocd
07 04f 04f 23 147 Ocf
08 051 051 24 149 Odl
09 053 053 25 14b 0d3
10 Ocl 055 26 14d Od5
11 0c3 057 27 14f Od7
12 Oc5 059 28 151 Od9
13 0c7 05b 29 153 Oda
14 0c9 05d 30 lcl Odd
15 Ocb QWf 31 1c3 Odf

Table continiees
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Table C 2-Continued

NAREC NAREC NAREC NAREC
LGP-30 Track- P-0TakSec 0Troato Notation Notation Sector Notation Notation Notation
Sector Notation for ;/. + for v for ;/.N+ for v

32 Ic5 141 48 251 Icl
33 107 143 49 253 lc3
34 1c9 145 .50 2cl lc5
35 lcb 147 51 2c3 lc7
36 lcd 149 52 2c5 lc9
37 lcf 14b 53 207 lcb
38 idl 14d 54 2c9 lcd
39 ld3 14f 55 2cb lcf
40 241 151 56 2cd ldl
41 243 153 57 2cf ld3
42 245 155 58 2dl ld5
43 247 157 59 2d3 ld7
44 249 159 60 341 ld9
45 24b 15b 61 343 ldb
46 24d 15d 62 345 ldd
47 24f 15f 63 347 ldf

3. The set-modifier control word (/) may be translated either by the bit-by-bit
method using Table Cl or by using Table C2 for the address portion. Here, the basic
NAREC word as shown in Fig. C4 is a41041041041. If the set modifier were to be 2347,
we take the basic form 241041xxxxxx and replace the x's by items from Table C2 to get
the desired result a4104114724f.

NAREC a 4 I 0 4 I 0 -4 I 0 4 I

"NAME 119,010,0011900_122 01129901_0010 0 loo000.lo'o010010 I00o0o010o 1 0 00o 1

LGP-30 t t t t
NAME / 0 0 0 0 0 0 0

Fig. C4 - Input of the set-modifier control word to location 0000

4. The basic NAREC word for the stop-transfer (.) control word for location zero,
as shown on a bit-by-bit basis in Fig. C5 is ac1041041041, or using the basic form
acl04lxxxxxx, we find an LGP-30 .0003219' to be the NAREC input word acl04llc5Od3.

NAREC a C I 0 4 I 0 4 I 0 4 I
NAME I_12ooIo1000!o100012222101 _2 021oo01OO0212100Iolooo00I010221ooloo_

NAME 0 0 0 0 0 0 0

Fig. C5 - Input of the transfer control word to location 0000

i ......

i .....
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5. The command control word (+) has the basic NAREC word 9410yyxxxxxx, where
yy is the order code. Table C3 gives the possible order codes, leaving the x's (track-
sector) to be filled in by the programmer by using the information in Table C2. As an

example of this use of the Flexowriter input, suppose it is desired that the instruction
A2317 be placed into the memory location 4649. We would enter the PIR at the normal
entry by executing the NAREC Order LO 1007. When the computer comes to a call for

information from the NAREC switchbox, enter the NAREC equivalent of +000C4649, which

is 94107a24d253 as shown in Fig. C6(a). As before, this word may be obtained either
through the bit-by-bit method or by using the basic word (Table C3 for the yy portion and
Table C2 for the xxxxxx portion). When the simulator calls for a second word from the

switchbox a word is loaded as shown in Fig. C6(a) or C6(b). The first of these figures

gives the word if the pseudo has been cleared previous to the I order, and the second
figure gives the word if the pseudoaccumulator has not been previously cleared.

NAREC 9 4 I 0 7 0 2 4 d 2 5 3
NAME 1100. 10 o0000000 10 1111 00101 -oi-1lo- lo- 010 10 1100

LGP-30 T. t t I T T T I
NAME + 0 0 C 4 6 4 9

(a)

NAREC

NAME 1 1 L..i. ~~

"LGP-30¶ 1 1 ¶ 1 1
NAME A 2 3 I 7

(b)

NAREC 0 4 o1o 0 7 C I 4 7 0 C f

NAME 10 010 0•1 0000 01111100100-0 0 101 10 1 0000IO0IIIII

NAME 0 0 0 A 2 3 I 7

(c)

Fig. C6 - (a) Input of command control word, (b) input of order,

and (c) input of order with leading zeros

6. The last of the control words for the PIR is the hexadecimal (v) fill. This is dif-

ferent from the others in that the starting address and number of words to be filled must

both be in hexadecimal notation. For this reason, Table C2 has this notation separately
in the right column. Figure C7 shows the basic form of this word. The V code at the left

will always remain constant when using this control word. The middle 18 bits must be

done in the bit-by-bit manner, remembering that the least-significant bit of each 6-bit

character must always be a one and the most-significant bit a zero. The value of each of
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Table C3
Filling the Order Code yy of the NAREC Command Control Word 9410yy xxxxxx

Order to Possible Order Order to Possible Order
PIR Codes (yy) PIR Codes (yy)

"+ OOA 94107c xxxxxx + OON 94106c xxxxxx
"+ OOB 941062 xxxxxx + OOP 941070 xxxxxx
"+ OOC 94107a xxxxxx + OOR 941066 xxxxxx
"+ OOD 94106a xxxxxx +00S 94107e xxxxxx
"+ OOE 941072 xxxxxx + OOT 941076 xxxxxx
"+ OOH 941078 xxxxxx + OOU 941074 xxxxxx
+001 941068 xxxxxx + 00Y 941064 xxxxxx
+ OOM 94106e xxxxxx + 00Z 941060 xxxxxx

these bits is indicated in the figure for the convenience of the programmer. The right
part of the NAREC word is the hexadecimal track and sector of the word, which as men-
tioned above may be obtained from the right column of Table C2. To take'an example,
suppose a program consists of 124 words in LGP-30 hexadecimal code to be loaded into
memory starting at location 3147. The resulting code word, as seen in Fig. C8, is
bc13d90dfl5f.

I1 011110 10 10 100 0I 1000-1-101 _¶!,, ¶;:o____:_ *__l_¶ l __,__oo __ol___ __oo__l_,____ ...

V n n n TRACK SECTOR

Fig. C7 - Basic form of hexadecimal fill control word

NAREC B C 1 3 d 9 0 d f 1 5 f

NAME 11 ,_1 _oo,001221101o1111d01 10011000011101111111222110--12-01 11111

LGP-30 I¶ t ¶ t t 0 ¶ I
NAME V 0 7 W 2 W

Fig. C8 - Input of hexadecimal fill control word

rr
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NOTE 1: 1015 1110

1099 1119

109d lMle

10cd 1122

If use new coding add:

1603 16cl

NOTE 2: 143e 14d0

1499 12cc

If use new coding add:

1700 1746

1704 1749

1740 17a0

1744 17a3

NOTE 3: 1140 1102

1155 1104

1161 1105

14a6 1107

If use new coding add:

1755 1744

1704 1747

1722 1749

NOTE 4: 1207 12cd

12c4 14a4

if use new coding add:

165f

NOTE 5: 137f 124c

1011 140e

138c 1343

112f

1137

113a

1150

1161

11e4

1233

123d

l6ec 1723

12a8

12c6

1604

16a6

16e0

16e4

1180

lOeO

l0el

IMf2

16a4

16a7

16cl

1001

1004

1203

10B6

1780

1784

179c

17ae

10f4

lOf6

10al

10a2

16e4

16eB

1792

1050

IOBO

1242

1245

1292

1294

1296 12f3 12e9

12al 1301 1200

12B7 130B 1499

12eB 131a

1755 17B6 l7cB 1826

10B5 1009

1044

17B6 1820

17c0 1824

17c4

17c6

lOcO 1062 1076 1034

lOdl 1064 1081 1053

10d4 1067 1007 1051

14B5 1071 1022 1059

17c4 1824

17c7 1826

17cB

lOcl

1201

1412 1356 .1433 148f

1348 142B 1436 A4ce

1415 1369 1439
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Flow Charts for the NAREC Simulation of LGP-30 Operand Orders
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(RO has RO 1000)

C•::



C7

1248L

Print Tape feeds -:

124cL

Bring word from keyboard
Stow in 100e

4 1340L
Print headingIUsing photoreader input]?

1 Yes 1 11Ye NoO
/9 1360 1005 \1

Print "Photoreaderp Print oFlexowriter manual

Set switches winut button" s
11cki-wI 140 12Is to
1168R-0-1141 11 Ye 134BL NO 1369L

19Rp100 11 lC3R- 11d2 12 Want stop code printed? ]1098L- 01 1000 1168R -• 1181 11 Y e 1 7 R ' ,o 136BL
1099R-o 109a 10 e/38

S109 8 L- 0000 ll5eL--0 1162 1 1370Leaddress of "notx
S.70L-0-address of "is" 1115CL-9-110

135L1Ell,

Prin "up 
; 136dL

Print 'down, stop code is (not) printed'
Set switches

lle3R-*-lle0 12
1168R-w 1172 10
1099R-0- 11e0 10
1098L-w0000

,--'1356L
Using 4 bit input?

Se 138L ]et switches_]

11051R-im-052 10 I051R-oý1055 10
11164R'-01165 10 1164R-w1169 10
[114fL -'-1165 '12 114fL-w1169 12
1I15BR-9-1165 14 I15BR-wI169 14

SPrint 4 (or 6) bit

S143dL n

1~OR 1o12l

Print "Other controls - Transfer control
Button is up (or down)
Depressed breakpoint switches-
none (or 4-8-16-32 or any
combination)

Fig. El - Control word simulator subroutine
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137ML l R1l

fUsing flex output
Yes! 1382L " NO.

Set f uitches 1 1400L

11dR 0L - 111dl 10 1 1 Flex in?1
109f L--*-IlO0B 10 I e/03f No103B

1281L--w 1282 10 9R11098L---12eo 1D098--a1302
1231LR--wl1132 10!1098L -'old+ I @ 121 14011[

138cL Sa11d0 L • 1d2 11

P Copy input on? Fo109fL --in1114 1
;Yes No 1281L ---I1287 11

1199LR--wI18164

1440L IYs4L

4139dL--•L33e8 144-Flex input 119dR-n1160 1

14stL out 1311 11098"2"1115 14e 1 10cL --a21310 14] 140aL
copya otin on. 0d5 /P4inLt YOutput-Fast Punch

I b98L-s- 12B4 14 2 139dL42I3B581nS5BR-e- 1164 14 [ 119dR-•1160 10[
llgdR-- 1162 10 L00 1199L-001164 13 0 1
1199L-119B 12 d[1193R-L71181 11 d1193R -- l19a 10 '--N,4, 1,39a

FPrint "Output - Flexowriter, input

S[ copy deleted (or nothing)"

• 1430L,

SIs 4 bit BKPT down?
1440L Yes J,/ \, No 1432L 140eL

S1424L-4- lo 1424L, - 13e8 I I .C. Button Down?

Yes Ae" '- No 14 2!- 3e 4 2
I 14tL 4- 3flI 1425--wI ~ 10 c2L-'1-10B0 I01 10c2L-•:1'200 10

"6 / 1436LIs 16 bit BKPT down? I 1412L4
1444L Yes/ NO 1438L t 142

1426L--w 13f21 1426L '- 13e8 [Extended Precision?"•. •1490L 
Ye O ,O

[Is 32 bit BKPT down?[ 1428L-5-113f4M 1428L'w13i7
Yes/ No1065L 'W 0000 711 1065L "-w 1067 11

F1427L "-'-f 130 1 F 14 27 L - 0' 13e8 ] 0 l - 0 0 !I 1 d L • 0 4 l
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rr-

15cOLIPrint n'si
1 15c5L

Initialize Print Counter

S15c6L

[ Print locations 0000-6363
without line numbers via
NAREC 33 order

145cdL

(a)

15dOL

Read tape into locations
0000-6363 via
NAREC 32 order

I 15d3L

Extract from each location
all but bits -1, -2, -3
Stow in initial location

14 5d7L

(b)

Fig. E2 - Simulator subroutines for (a) memory dump
and (b) reloading of memory dump



89
(PAGE 90 BLANK)

1498L

Stop if read jam character
or if improper procedure

C':

/5....

I-'-"'

OOR



Initial Start

Set accumulator, clocks,
Program register to 0
Set RO 1000 in clock switch
Set up normal Z exit

I I101L
Place program Ctr operand
into instruction register
Set up entry to individual order analysis
Place address in NAREC A and U registers (rt. adr)

Fig. E3 - Flow of control subroutine



-c
a:

4,
4,

rr

Big Clock

14:
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4'.e

rr6

Set up exi
Print CR
Extended Precision?

Yes N
14a2LL \°14a3L
Bring - 12 - FBring-8

00 3R

'Brig-•'Stow in Counterin'

a4L
Bring program register

Extract order code
Is it a T?

Nod Is itaT Yes
AMdL N 14a6L

[Is i aIs a negativea?.

\Yes No O "Yes
l4cel, 14a7L

Yes
lle7L

Print first 3 charactei
Place order code in U
reg., address in
left of A ree.

Yes

'N 1499L

Increment left address 1001
Execute instruction LO 1001

Fig. E4 - Trace subroutine
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I=

4,,

rr

A. Main Timing Routine

1200L

\ 1200R

No', 1217L

sectors passed
by using read
time subroutine
for finding A,
final result by
using coding
described in
Figure 7-B



C-Z

rc:

1200yt

29O to Ro 1000

le clock runninif

Yes • No

.FA 
t 

Add ans. to big clockd

Out still running? sN~ io • Yes
L sla2,n?[ RO 1000

LiYe 129aR Print character from printer
g loc if valid

l-I\ITurn Off clock switchl

, 1292R 1 l•.dR .4
I IAdd arts I Order is non-optimum[

still on ? ]IAdd 64 to arts

ý 10001 Print character I A-d
--- Ifrom printer ILS

i~f validI
IRO 1000 I

Fig. E5 -Timing subroutines



C'::

B Computed of Actual number
of Sectors Passed

No

123eL

Yes

C Execution Time Computation

Yes
12c3L

- RO 1000

D, Read Time Computation

12cBL

ee!ý



10f8L

Fig. E6 - Overflow subroutine

Fig. E7 - Z-order subroutine

95
(PAGE 96 BLANK)

r ....



rr

r'.
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1020L 1021L 102 2R
et up Operadperand -ifetch f [Sr wing o accn ld ol' - Go to clock switch

Fg 8-oin accumulator

Fig. E8 - B-order subroutine

1030L
Set up operand fetch
and result stower

j 1032 R
Bring operand. Extract
all but address bits
Stow in 101f

Extract address from a
Add 101f
Stow as y operand

i 1037L
Exit to clock switch

LO 1200

Fig. E9 - Y-order
subroutine

j 1035L
Combine with IOIF
stow as"R"operand

S1037T
Exit to clock switch

LO 1200

Fig. El0 - R-order
subroutine
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l'-r
Ir-.

I NAREC location 104B (1ep

.42R

iaracter

No

1145R
Is it a tape feed?

NO Yes
1147L

Is it a code delete?

NNO

lace ~ I character in Aeg"tab? 149L\'

ftract minddle 4 bits rigtep Bring character to A register il•114BR

Lit left 1, add temn Rearrange hits, add temp Stop tape motion IRestore character

"to U register

IShift left 6 I_ -Jt /

SI .- •'• 1G .... remet loopI I

ent ehlaracter counter ,114fL, j(

p rocessig ord? 4 Bit 6 Bit[t

SBring raw-input word miSShift next character to U register ,Lm
Stow reminander [v-

175L

4 bit _

Fig. Ell - I-order



1050 10'-
Extract track from p R c a

lStow in tl4 f cc S t i_
[Usinlg 4 bit Input ? ,

1052L Yes•e""" -",*No 1055L

Plc- most significant M Pace all I tr~ack bits

raekbits at low end of a Lot orwe

stow result in a 
-fCompute read nd excuto ie

Is bit clock 0o? a'n

Yes /Yes

105dL Ye I, •l, c3L
Adrea t e ] Is little clock running?[

[Still O0? I I • e

yeB Yeslores No

Ad xcto ieI Print c haracter / IStill on? I ld2L
IStill on? I if valid Ero stop

Yesl No ' s/ No

Is little cock on, T,~ I I I' °f' - l l,_7: ohR at ' °
I J *_ IPrint characterl Rea on Ihr clock swtcle'

Ye Ifo valpe Stootaion'FE

•.J~ Sto or aed stpo pedpso•

% ~ ~ O A1OL Yes180cop,. re ad tim 10,...tor 6t , a.l, Noto .E'.ttm>I o•

[Input Inpu
IIdlL lId2

Print character ST

STOP
26 1181R I -- 5c

Copy Delete
Initialize character check loops: Input Input

1lSBR-.w.llaO 1162L
118M-0-1l0 Print stop code H1192R -Illae
1196L -*-I~I a8 S

I 1185R
IRece one characterLIs it a stop code ?eJ

ye N

IStop tape mootesion Is charactea tape fede

Detlete Copy I IIs it a code delete?

Inpuit input 1 ' 2 NoPht

Print stop code 118B Ye-I

1160L , IStop tape motion[
Bring temp. assembled word /
Shift to normal a position IiISR•-===Sto s~in a Is it a jamcharate,sr

S J11s6I-R YessD No

-IGo to next LGP -30 STdrOP•\

Inc rement loopI
Ifinished? . I

• '119 s / 1160L.

Ii...tloop [ Bring temp assembled word
I1Pinsh~d I IShift to .... na a• posittionN/o \Yes [Stow in

S[ Go to next LGP-30 Ord
1192 (R ___!o lO0O),Is character a control? I" " -

' • Yes/ •No I
1193R/ 1194L

Copy Ipt ",Increment loopl
mllg i • Del•ete finished? I

[Print character 1181R i 1196L /I

S~~~~Incremen..t loopl '
Frinished? e i J

No/
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101 C''
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rr'erl

1060L
Set up operand fetch

j 1061R
Bring Operand
Stow in 1061

Subtract absolute value
1061 from lal
Is result positive?

1063R 
Ye

Go to overflow
routine

LO 1Of8

Ii

of

No

•Bring a, divide by 1061T rim Switch (1065L)
1065R•" • No trim

Add 1 @ 31 1067L

Extract 31 bits
stow result in a

I 1067R
ýo to clock switch

LO 1200

Fig. E12 - D-order

1070L
ISet up operand fetch

J 1057L

Perform Multiplication
Stow U Rea. in 1071

Shift most significant bits left
so that bit 31 becomes the
sign bit.
Add on least significant bits after
shifting them right 13

IU'Y '1

Switch
Trim 7
1066R

Add 1 @ 31
Trim to 31 bits

IStow in a
S10671

Go to clock switch

LO 1200

(1075R) No trim

SLO 1076
Slow result in a

S1076R
Go to clock switch

LO 1200

Fig. E13 - N-order

1080L

Set up operand
for multiplicationi

1081L

- Bring a
Multiply by operand

1082L

-8 Go to RO 1075
of N order

Fig. E14 - M-order
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1090L

ta ract MCI from p
ar right of locati"o l08fsorder Pooxx.

\NoIM

rend nd eetetires
1

anyIol 109SR

1114L

bIS clock.

ye No 10eI Re .lex Photo in 
•lxF-S

1 7 Lin M an u a l I n 
O r a n c h

Add read time to Brln - dram light flag LlGP-O order ln r.....ti

big ecneck re-ltin glue (. jol dR uLeicto
Still on ? execution tim e lc g u o e aSlow in little clock 

Bring -60 .c.-t( ~ '

eG o to n e x t L P -3 0 re -e .u ti on s p lt Y

109dL Order (R II 0I Stoxein big clock ye" NoII1B Go to n~ext LGP -30 order 11 13L....+
S P rin t r h a r a te r tf t0 0 l) t e

f romprnter 

Place chrce Bring -7 drum

Ne 

o

' Go toPne-tLPceder
mOL N 100000)

tow chPracter in Obdf-itialize __sedo-to. Icopl

ch. 
cti, psdeem 

top ?

Big clock .n? 1 tlo
Y'.es NO

•x132rL 12fRe•eRl

CleaL

Go to next LGP-3 gnrder(ItO 
- Ioo)

12f3L

l I0 Print C lhar umter

fr. pit~er

RD 1000

a

a:



er clock m4a be on but not both Ii Either clock may be on but not both

Flee Input-output Flex
Delete Input copy Copy

lllOL

LIttle clich on'

No yes
1132L tIlEL

Add read time to 
0
ic Add read time Ad

clockt Still on?

Yen Noes e

Yes 10 MITI IIIBL I

1134L HI t7LAdd executi,
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NO 1t3.R still on? ON
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Yez No L10-0 rde0
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timting routinech L

elp7L F otP t
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from printer

1125
lIReL

is character a
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Cle- U No Yes
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111R Inc
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