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ABSTRACT

Simulation of dynamic systems is often limited by the
computer hardware it is running on. Digital simulation is
often slow and analog computation lacks the ability to do
operations such as delays and nonlinear functions. Hybrid
computation is a technique to combine digital and analog
computers into a system which has the best features of
each type of computer. This thesis is an attempt to pro-
duce a programming system to reduce the problems vresently
involved in hybrid computing. A system of digital computer
programs was created which automate many operations needed
in hybrid computing. Also a hybrid block operation's
interpreter was developed to allow high speed parallel
operation of the analog and digital computers. Tests of
this system show capabilities and features which improve
the operation and programming of hybrid computers. The
total system gives the user a powerful and simple system

for improving his simulation computations.
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INTRODUCTION

Hybrid computation includes all computing techniques
which combine features of digital and analog computation
in the solution of a problem. The term hybrid computer is
now used to characterize computer systems involving linkages
between general-purpose digital computers and electronic
analog computers. Digital and analog computers each have
characteristics which lend them to certain forms of com-
putation,

Analog computers are excellant systems or simulating
continous systems.

Analog computers:

1) Treat all variables in continuous form,

2) All components operate in parallel.

3) Computation speed is not effected by problem com-

plexity.

4) Operations such as multiplication, addition,

integration are easily done.

5) Provisions exsist for system modification during

simulation,
Digital computers are best suited for logic ovperations,
control signal generation, and data manipulation,

Digital computers:
1) Have the facility to memorize numerical and nonnumer-
ical data indefinitely.
2) They perform logical operations and decision making
using numerical or nonnumerical data.
3) Floating point arithmetic eliminates scale-factors.
4) Information can be handled in discrete form,
5) Digital programs can control and modify themselves,
or analog systems by control signals.
An outline of hybrid operations is shown in table 1.



ROLES OF DIGITAL COMPUTERS IN HYBRID
COMPUTATION AND SIMULATION

1.) Digital supervision by digital system:
a) Supervisory control of analog-computer studies:
b) Storage and reduction of results:

¢) Report preparation.

I1.) Digital "Housekeeping" functions:
a) Set coefficient and function-generator settings.
b) Perform static checking.
c) Run diagnostic programs.

d) Do digitally controlled patching.

I1I.) Combined'analog-digital simulation:
a) Open-loop combinations.

1) Digital operations on analog-computer out-
puts without feedback.

2) Analog operation on digital-computer out-
puts without feedback,.

b) Digital simulation of a digital computer.

1) Simulate closed loop digital controller.
c) Closed-loop combined simulation:

1) ©Parallel signal processing with feedback.

2) Digital signal generation, recording, and
control. :

3) Data sampling and coefficient modification.

Table 1.



Hybrid computer techniques represent an effort to com-
bine the best features of each type of computer to produce
the optimal computing system, True hybrid computers are
those systems which combine appreciable amounts of each type
of hardware, and are capable of bilateral operation. (See
fig. 2.) A system diagram of the Mechanical Engineering
Joint Computer Facility hybrid computer is shown in figure 1.

Hybrid computation is ideally suited for several com-
putation methods:

1) Sampled data system simulation.

2) Random process simulation.

3) Control system optimization.

4) Simulation of distributed parameter systems.

5) General simulation of systems which combine contin-

uwous and discrete signals.

Presently hybrid computation is accomplished by programming
the analog computer, and then writing a FORTRAN program for
the digital computer using a number of data conversion and
analog control subuoutines. The routines do operations

such as send and recieve signals, set analog coefficients and
control the operation of the analog computer.

The goal of my project is to produce a programming
system which will allow parallel operation of the analog and
digital computer during hybrid runs. This system must be
fast enough so that the digital computer will not add a
large time delay to the signals it is processing. The system
will sue digital operations to replace and compliment the
analog computational elements, and to control and synchron-

ize total system operation.,
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HYBRID SOFTWARE SYSTEM

To accomplish goal of this thesis I have developed

an interpretive software system which can perform many func-

tions necessary to simplify and automate hybrid computer

operations. The capabilities designed into the system are

show in table 2. The system has six basic states of operation.

1)

2)

3)

Supervisor state.

In this mode the system processes input from the user
and determines the nature of the command. The super-
visor handles all overhead and linkage operations re-
quired, and handles user interaction and error anal-
ysis. If the input is a command to perform an immead-
iate operation the system performs the operation or
gives control to another section which performs the
operation, such as input/output or set up. If the
input is code to be compiled, control is passed to
the compile section. The supervisor is itself brok-
en into several sections so that it is able to con-
trol linkage between the several main programs which
make up the system.

Program compiler,

In this mode the system inputs the users hybrid pro-
gramming language statements and compiles them into
an intermeadiate code. This code is stored in disk
files which are referenced by the loader at load time,

Analog control.

In this mode the system reads the users command and
performs the desired operation on the analog system,
Control operations normally done manually at the
analog control console are done automatically by
the digital computer,
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4) Input/Output.
This mode controls the reading, printing, and plot-
ting of data requested by the user., After control
is passed from the supervisor to this section, the
storage area referenced is located in the symbol
table, and the operation performed. Scaled fraction
data is used as the data type for the system. The
present input output operations include reading,
printing, and plotting, and are called by giving
the operation, the storage area identifier, and
any required parameters.

5) Loader.
This mode controls data base and program loading.,
The compiled program is loaded from the disk and the
storage allocated by the compiler is initialized to
the required form. Buffers, tables, and delay lines
are cleared and special pointers and constants loaded.
The system can now perform input/output or enter
the hybrid interpreter section.

6) Hybrid Interpreter.
This mode controls the actual parallel operation of
the analog and digital computers. The users hybrid
program is translated from the intermeadiate form,
generated by the compiler, into core addresses in
the digital computer. The interpreter then synch-
ronizes itself with an external real time clock and
begins execution. The users program is executed line
by line for the specified time. Automatic A/D and
D/A conversions are performed each cycle. After the
cycle is completed, the interpreter waits for the
clock time step to finish and then restarts the cycle.
If time steps specified are too small to complete a
program cycle, error messages are given. (See fig. 4.)
A system structure and information flow diagram of the complete
system is shown in figure 3.



I.)

II.)

I11,)

1Vv)
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GOALS OF SYSTEM

Control cavabilities:

a)
b)
c)
a)
e)

Program compilation.
Program loader,

Time synchronization.
Analog computer control.
Input/output controller.

Block oriented programming:

a)
b)
c)
a)
e)
f)
g)

Mathematical operations,

Automatic buffer input/output.
Function table lookup and interpolate.
Time delay line simulation.

Data manipulation. (scaled fraction).
Storage allocation,

A/D, D/A automatic conversion.

Analog setup and control:

a)
b)
c)
d)

Servo pot setting.

Analog mode control.

Time Scale control.

Analog device measurement.

Automatic digital input/output:
- a)

b)

c)

Plot buffers. (scaled fraction data vs.
Print., (scaled fraction data)

1) Buffers

2) Tables

3) Variables

Read. (scaled fraction data)

1) Variables

2) Function tables

3) Input buffers, delay line buffers

Table. 2.

time)
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HYBRID PROGRAMMING LANGUAGE

The features included in the programming language are
listed in table 2, section II. The hybrid language is a sim-
pPle block-oriented system with a format similar to popular
~digital simulation systems such as EAI'S "HYTRAN", or IBM'S
"CSMP*., The major difference between these systems and the
hybrid block system is the internal linkage system. The
former are pure digital simulation systemg, while the hybrid
system allows a simulation program using analog and digital
operation blocks which are linked together through the A/D,
D/A interface. This allows operations such as long time
delays, data storage, multi-input functions, and complex
logic control, which can all be done best digitally, to be-
come integral parts of an analog simulation.

The block nature of the system allows the user to set
up a system of defined operations using simple commands and
automatically link them to the analog system. The operations
available to the user are listed in table 3. An example of
a hybrid block program is shown in figure 5, and the hybrid
program needed to create this system of blocks is shown in
figure 6.

The programmer need only know a few simple rules of
argument syntax and the operation codes to program any block
system. The user has several data types and data structures
available to him,

1) Buffers for getting data from or putting data to.

2) Delay lines of specified length which shift one

' entry per cycle.

3) Scaled fraction constants between I 1,0,

4) 1Internal variables referenced by name.

5) Two-dimensional tables for function table lookup.

6) Analog to digital and digital to analog I/0 channels.

7) Double precision variables for integrals,
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One of the most important features of the system is
the automatic innut-output operations and data conversions
done each time step. The interpreter reads all the availa-
ble A/D converters into a special buffer at the start of each
interpretive cycle. The program then interpretates the pro-
gram, taking values of the referenced A/D channels from the
buffer. References to J/A channels also refer to a special
buffer. After the interpreter has executed the program for
the cycle the 0/A block is written out from the D/A buffer.
The interpreter then waits for the external clock to finish a
and the process begins again. While the program is execu-
ting, the interpreter keeps a pointer that allows seguential
access to buffer entrees. This allows the user to record.
data into or send data from a buffer with a PUT or GET state-
ment.,

The function generator capabilities of the system are
very useful in hybrid computation. These functions allow the
user to store functions digitally and use them during hybrid
simulations. Single input functions with any number of
breakpoints can be used to generate‘nonlinear funtions that
are difficult o generate on an analog computer. Multiple
input functions with 441 values over the range of the two
inputs allow nonlinear functions of two parameters to be gen-
erated during simulations by referencing the data table with
a function operator.

Two function types a presently available. The first is
a single input, piecewise linear table look up function. The
user gives a table of input break points and output values.
and then references the table by name in a function operation.
The value is computed by linear interpolation of the input to
the break points and the output values. The second type of
function available is the two input function. This function
is a fixed break point, two dimensional table look up system.
The user creates a table of 21 by 21 locations and inputs the

function values to the table in reference to an X Y plane.
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The function calculates a location in the input arguments
plane and intervolates between four points to find the out-
put.

Delay line simulation is the final operation available
that is difficult or impossible to do on an analog computer.
Since lumped parameter systems often require transvort delays
in their simulation, the digital computer gives us the ability
to delay signals any amount of time required. The delay op-
erator works by shifting the input signal through a serial
shift register of length N.(N= DELAY TIME/CYCLE TIME.) As
the interpreter executes the program, a pointer is recircu-
lated through the delay line. When the pointer reaches a
storage slot the delayed value is sent to the output argu-
ment and the new input value is loaded into the slot. This
operation continues, slots being loaded, delayed, and sent
out as long as the program is executing.

Mathematical operations are also available to do arith-
metic operations with constants, variables, or A/D channels.
(See table 2.) This feature frees analog amplifiers from
operations such as addition, subtraction and inversion to be
used as integrators or in other analog operations.

The last feature of the hybrid programming language is
storage allocation and referencing. The allocation of stor-
age, to be identified by a symbol name, is controlled by
DEFINE statements, This command is followed by a specifica-
tion as to the type of storage, its identifier, and any dimen-
sioning data necessary. The system presently supports five
data structures.

1) TABLE -2 dimensional data tables for functions.
2) BUFFER -1 dimensional data arrays for I/0.
3) DELAY -delay line buffers of length N,
4) VARIABLE -internal variable storage locations.
(16 bits.)

5) DOUBLE -double precision variable for integra-
tions. (32 bits.)

A1l the data handled by the system is in 16 bit scaled frac-
tions for input or output to or from the user.
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HYBRID OPERATIONS AND COMMANDS

I.) Operations:

II.) Commands:

ADD

SUBTRACT
MULTIPLY

DIVIDE
FUNCF1
FUNCF?2
DELAY
PUT
GET

INTEGRAT

MOVE
INVERT
DEFINE

*PROGRAM

*RUN
*LOAD
*LIST
*SYMBOL
* EXEC
*READ
*PRINT
*PLOT
*SETPOT
*TIMEOP
*TSCL
*ANVAL
*EOJ

(add two inputs)

(
(
(
(
(
(
(
(
(
(
(
(

AN TN SN TN N TN TN TN TN TN SN AN AN N

subtract two inputs)

multiply two inputs)

divide two inputs)

one input function)

two input function)

delay input N cycles)

input into buffer)

output from buffer)

integrate input,store in output)
move input to output location)
invert input )

allocate storage for processing)

start new compilation)

execute program)

load program from disk files)
print program code to vrinter)
print program symbol table)
link to EXECUTIVE program)

input data to specified locations)

print contents of specified arg.)
plot buffer on CRT )

set servo pot)

set external clock for cycles)
set analog time scale)

read and print analog component)
end of job,exit hybrid system)

Table 3.
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/ EXAMPLE HYROL PROGRAM
DEFINE VARIABLE AB1;
DEFINE VARIABLE DTP;
DEFINE VARIABLE X1
DEFINE VARIABLE

DEFINE DOUBLE INT;

DEFINE TABLE FUNC(28,2);
DEFINE BUFFER BUF(200);
DEFINE DELAY DL1 19;

/ DONE STORAGE ALLOCATION,START PROGRAM CODE.
DELAY DL1,@AD21,ABL;

ADD AB1,@AD@3,0DARL;

PUT @DAD1,BUF;

SUBTRACT @AD®4,@AD02,DTP;
FUNCF2 DTP,®#AD@3,80A04;
MULTIPLY @ADRS,#2.230,X1;
INTEGRAT X14INT;

ADD @ADR2,INT,8DAQ2;

END;

NOTE: @ADXX = A/D CHANNEL XX
@DAXX = D/A CHANNEL XX

¢ = SCALED FRACTION CONSTANT IDENTIFIER

FIGURE 6.
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SYSTEM OPERATION

Once the user has entered the hybrid system he con-
trols the operation of the system by a sequence of commands
and program statements from a deck of computer cards. A
typical run would consist of a *PROGRAM command followed
by the hybrid program statements terminated with an END.

The user would then input commands to set the external
clock, read any required input data, and then load and run
the program. After the system had finished the computation
requested the user could print or plot data saved during
the run, rerun the program, input a new program or any
other combination of operations.

The size of a hybrid program is limited by two factors.
During a simulation, the user can specify a run time of any
length he requires but the number of cycles of program ex-
ecution is limited to 3276Tmaximum. The time step of this
cycle is limited to the time required to execute one cyele
of the program. The program cycle requires 600 microseconds
plus the time required to execute one program statement,
typically 15 to 50 microseconds. The second constraint is
storage space required. 10000 storage locations are avail-
able to the user for tables, buffers, program,etc. Programs
require 5 locations per line of code plus 32 locations for
A/D and D/A buffers. The remainder of core is available
for the users DEFINE allocations.

The format of commands and program statements are
standardized and must be input in the expected forms.

1) *COMMAND ARGt, ARG2,...:

2) OPCODE ARG1, ARG2,...;
3) DEFINE (TYPE), ARG1, ARG2,...}
4) END;

Example of programs and command input streams are shown
in figures 6,9,12.
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HYBRID SIMULATION TEST CASES

Two hybrid simulations test cases were run to capa-
bilities of the hybrid programming system. The first test
case is the simulation of a bar of material, steel is as-
sumed, and its resvonse to the impact of a force, assumed
to be a hammer. The lumped parameter model of the system
is shown in figure 7. The hybrid simulation model is
shown in figure 8, and the hybrid program is shown in
figure 9. By controlling the time scale of the analog
computer and the input potentionmeter of the integrator,
simulations of different bar to hammer mass ratios and
bar lengths were run, Results for several cases are

shown in appendix A.

The second test was of a simplified model of a gas
turbine powered ship. The system model of the ship was de-
veloped from a report on a pure digital simulation of the
system run on an IBM 360. (See fig. 10.) The hybrid system
model included four non linear functions and two integra-
tions to simulate the open loop performance of the ship to
fuel inputs. A block diagram of the hybrid simulation model
is shown in figure 11., and the hybrid program is listed in
figure 12 and 13. One test case simulation a speed change
from idling to full fuel flow was run simulating 100 seconds
of real time. The hybrid simulation required 10 seconds and
produced results equal to the digital simulation at 30 sec-
onds and 20% below at 100 seconds. A plot of the simulation
output is shown in appendix B,
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«PROGRAM;

/ BAR SIMULATION PROGRAM

DEFINE BUFFER VQUTI(550);
DEFINE BUFFER AQUT(558);
DEFINE DELAY DEL &9;

/ DELAY SIGNAL 6@ CYCLES
DELAY DEL GADZQ2,eDARD;
PUT @AD21,VOUT;

PUT @ADZ3,A0UT,

END;

/ CONTROL CARDS AND DATA

*EXEC;

*TIMEOP 10@¢2,02.020:
*LOAD;

*RUN

*PLOY vOUT 208;
»PLOT AOUT 2@@;

*EOQJ]

—FIGURE
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*PROGRAM;

/ GAS TURBINE SHIP SIMULATION PROGRAM
DEFINE TABLE TORQE(21s21);
DEFINE TABLE TPROP(21s21);
DEFINE TABLE FPROP(21s21);
DEFINE TABLE FRIC(8,2);

DEFINE VARIABLE X3

DEFINE VARIABLE Z;

DEFINE BUFFER VSHIP(1000);
DEFINE BUFFER RPM(1000);

DEFINE BUFFER BUF2(1002);
DEFINE VARIABLE Y;

DEFINE VARIABLE R;

/ FUNCTIONS FOR SIMULATION
FUNCF2 TORGE,@ADQR12@ADRY,eDAGR
FUNCF2 TPROP,®AD@12@ADB4,eDADY
FUNCF2 FPRCP,®ADD126ADR4,eDAR3)
FUNCF1 FRIC,»@ADO4,@DADY;

PUT @®ADJ1,RPM;

PUT @ADD4,VSHIP;

PUT @ADZQ,BUF2}

END;

FIGURE \2.
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/ CONTROL CARDS AND DATA

*EXEC;

*READ FRIC 7.2}

DATA CARDS FOR TABLE FRIC
.

.

.

*READ TORQE(21,21);

DATA CARDS FOR TABLE TORQE

[ ]
L d

»
*READ FPROP(21,21)¢

DATA CARDS FOR TABLE FPROP

*READ TPROP(21,21)3

DATA CARDS FOR TABLE TPROp
.
[}

’
*TIMEOP 10.2,0.010:
*LOAD;

*RUN;

*PLOT VSHIP 200,5,1;
*PLOT BUF2 2002,5,17
*PLOT RPM 20015,

*EDQ;

FIGURE
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CONCLUSION

From the results of tests run on system overation and
of the two test cases run, I must conclude that the system
fulfills the goals set for it, and provides a useful system
for doing hybrid computation. The operations available
to the user remove most of the difficulties presently associ-
ated with hybrid computation. Input/output, time synchroni-
zation, delay simulation, and nonlinear function generation
are all available to the user without his needine to be an
accomplished programmer.

The practicallity of doing hybrid computation in simu-
lation of complex systems is apparent from the second test
case, An extremely simplified model, generated from a small
amount of data on ship component response was able to pro-
duce results in good agreement with a much more complicated
medel of a large digital computer. Using a hybrid computer
system such as this can greatly increase the speed and
involvement of many types of computer simulation. As digital
simulation of dynamic systems becomes faster and requires
less programmer experience analog simulation must move to-
ward hybrid computer system. Hybrid systems have the flex-
ibility and power to automate parameter optimization and
statistical studies, which are very time consuming simula-
tions to run digitally. As hybrid computer hardware and
software improve simulations will be able to benefit from a
system which provides the best features of digital and analog
computation.
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RECOMMENDATIONS

The system now exsists in a form which is flexible and
provides the user with many commands. But some features
which would allow better utilization of available hardware
should be added. There are presently no features for testing
or setting sence lines from the analog computer. The system
also requires repetition of commands for multiple executions
" of the hybrid program. Another nonoptimal feature is the
line by line non alterable execution of the program. Several
features added to the compiler/interpreter system could solve
some of these problems. The addition of statement labels
and logical decision making operations would allow the pro-
gram to control its own execution during run time, Several
new function types would also improve the system. A func-
tion with hysteresis would be useful in some systems. Also
the addition of a fixed break point single input function,
and a variable bread point multiple input function would
simplify function generation for the user.

In general a number of new operations such as transcen-
dental functions and more complex integrator operators would
be useful. The input/output operations could also be improved
by providing an option for indexed operation so that data
could be referenced on integral numbers of time steps. The
The commands available could also be increased to provide
operations such as load and run, repeat operations, and disk
storage of data for later use. There are many areas where
the system can be expanded and improved and in the future
I plan to include most of the above recommendations.
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C MAIN COMMAMD pROCESSOR AND COMPILER PROGKFAM

REAL xR VAR
REAL*8 OpTEST
REA_ %8 BUFSYMsQPCODE
REAL*2 LTABsLBUF
REA %] ARg(1@)
REA; x? SYMTARsCLEAR

REAL POT
REAL vAL
INTCGrFR %2
INTcGrR*2
INToGER®2
INTeGoR%?
INTeGER X2

IREC1,IREC2,LITASLITZ,L0OAD,ERRORS
OPERED

COMMA,SEMICL

EXEC,SETUP
READ,PRINT,PLOT,RUN,ENJ,PRCGRM

REA|_*x’ PRNGS(3)
REA| =8 LDrL2LDEL
INTERER*s LPOUND

INTEGER®?2
INTEGER*2
INTEGFR*2
INTEGER %2
INTeGoRe?
INTeGER*2
INTEGER*®2Z
INTEGER =2
INTCGERXZ

CARDTI,IPOS,LOCCNT
LITADC,LITDAC
BUFFER,CARD,ERROR,OPVAL
CORE,SYMBY ,DUMP
PCOUNT,PSTART

PEND

LisT

DATTAR

TOPCHR

INYEAFR*s» TIMEOFK,ITYPF, IPCODE
INTERER*p SYMTYP

INTEGER %2
INTeEGER %2

1 NARGS/NN,

INTEGER*2
INTEGER %2
INT;GCQ*E
INTEGER*2
INTEGER*2
INTCEGER 2
INTEGER*2

NFILE1,NFILE2,NINP,NTYP ,NSYMAX

OPFLAG,PFLLAG) IFRROR,NSYMRLsNSTMT,NOPTAB, I»JsKs IJyKKyJJs
MM, LGAVE,"FILE

SYMVAL, ATSIGM

ARGVAL (19)

CTEST,MAME

ASTRSK ) BLANK, DOLSGN

PHNUM

ONE» THREE » ZEROD

IFLAG,NDFCS, IDUMP

INTERER*» ARGTYP(17)

INTeGeER*2 SETPOT,MONE,TSCALE, ANAVAL

LOA1CcAL pGUAL
DIMENGTON CARD(8Z)»X(1¢),0PCODE(4@)sOPVAL (47)
NIMENQTION SYMTAB(107),SYMVAL(100),SYMTYP(100)

C *****l****i#*********k#********ﬁ*#tt*****t#*t****#**t*#ﬁt***'*********

€ cOMMON naTA B)SE AREA

COMMON/CORES/READ,PROGFM, PRINT,PLOT,RUN,EOJs CORE, SYMBOL,DUMP,LIST,

1 TIMEAP,LnAD,EXEC,SETPOT,MODE, ANAVAL»TSCALE

COMMOM/C0mTRL/PFLAG:NFILEi;NFILE?,TOPCOR;OPFLAG;NTYP,NINP:NSYMAX;

1 NOpTARSLACCNT,NSYMAL
COMMON/NPAOD /0OPCODE,OPVAL,OPERCD,BUFSYM, ARG
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COMMON/PROGRM/PSTART,PCOUNT;PEND;NSTVT;PNUH:NDFCS;ERRORS
cOMMON/SYMBOL/SYMTAR,SYMVAL»SYMTYP
cOMMoNn PRQGS

C % % % % % % % % % % % % ok Kk s Kk Kk ok ok ok ¥ x & &k % % ok ¥ % ¥ ¥ ¥ & ¥x » kx

C DATA INTTIALIZATION

NDATA
DATA
DATA
DATA
DATA
DATA
DAT
DATA
DATA
DATA
DATA
DAT

ATEST»OTEST,VTESTASTEST/'@AD ', '@DA ', 's
LTaAB2LBUF /' TARLE 'y 'RUFFER 't/
NPSYMD» OPSYMY,»OPSYMF/'DEFI Y, 'DELAY» 'FUNC/
ATSIGN/'@ 1/, LLPOUND/'# '/
ASTRaKIBLANK,DOLSGN/"* ' ,!
rLEAR/! 1/
L ITARCHLITDAC/'AD'» DA/
LVAR,'VARTAELE "'/
eTESY/ ' '/
LPRL,LDEL /' DOUBLE
NPSYMV/IDATA Y/
LITA,LITZ/'A 1402

RE IRV

15 'DELAY '/

'/

1,8 '/

T % ok o o e o o e ke o oK 0 3K o o ok o ok sk o SR ok o oK o ok ok e ok ok ok o 0 e o o ok o R ko e ok

C FILE SPECIFICATION STATEMENTS
DEFINE FILE 1010€,3:U,IRECY)
DEFINE FILE 2(g@,2,U,IFEC2)
DEFINE FILE 3(1202@,1,U,IREC3)

C o ™ ok 3Kk T g ek e g R sk O o e ok o ok ke o R o o ok ook o K A R R e R

C MARK FILE 1

WiTH PROGRAM IO

1PCnones=t

CALL

PLUTMeS (' sMAIN ;')

READ(NFILEF1'1)IPCODE, IERROR

IF(IPCODE ,EQe2)
IF(IPCNDE,EQeD)

GO TO 10
GO Tn 11

IPCnApE=1

WRITE(NFI EL1'1)IPCODE
C % % & % % % % % ¥ % % % % % % ¥ %k w & ¥ % ¥ ok &k k k & X % X K ¥ % % X x¥*
C »PROGRAM OF INITIAL ENTRY,INITIALIZE FLAGS AND CLEAR TABLES
? CONTINUE

NFILE2=3

NDFrE=?

LOCCANT=33

ERRARG=A

NSYmR| =a

NSTMT=1

ERRNR=?

PFLAG=D

TERRCR=D

PNUMsn

PEND=#

PCOIINT=D

PSTART=0
C cLEAR SyMTAB

DC 7¢p I=42NSYMAX

SYMTAR(T)=CLEAR



42

SYMyAL (1) =¥
SYMYYP (] )aP

700 CONTINUE
915 FORMAT (Sys4A2,2X215)
GO rc 1o
C PRINT ErRRQR MgSSAGE
1 WRITE(NTYp29129)IERROR,BUFSYM

912¢ FORMAT(1X,'*%%4x ERROR #',I5,' SYMBOL ERROR => ',1A8,'SKIP CARD')
C % % % % % % % % % % & % % % % & % & % % k ® & & * % K * & ¥ ¥ K K & K mk
IF (1ERROR*NE+1@)ERRORS=FRRORS +1
10 CONTINUE
ITYPER?
KK=p
BUFgym=CLgAR
IERRQOR=0
ONE =1
THREE=3
ZEQQ:@
IcRRCR=p
LCOUNT= OcCNT
IF{LOCCNT+GE*TOPCOR) GO TO 600@
C READ IN a CARp AND PROCESS
CALL CARDIN(ARG,FFLAG,OPFLAG, IERROR)
11 CONTINUE .
IF(1ERROR NEW¥) GO 70 1
CALL MOVE (ARG(1),2,0PTEST,»2,8)
C LOOK IN poFRAYUR TABLE
DO 5ep KmesNOPTAE
IF(nPTEST EQ.OPCCDE(K)) GO TO 60¢
552 CONTINUE
C 1F OP Corcr IL| EGAL DC ERROR ROUTINE
WRITE (NTYps9122)0PTEST
91pE FOrRMAT(1ys 'ILLEGAL OPERATION CODE => ',1A8)
TIERRCR=4
BRUFeym=0QPTEST
GO ¢ 1
607 OPEnCne0PyAL (K)

C TEST ARge FOR TYPE
C w % % % # % % % % ok % % ok % % % & &k ok % % ok & ¥ % & kK K k ® ¥ ¥  x X %n
C GET ARG ¢
C TEST FOR IMMEADIATE
IF(nPFLAG,EQel) GO TO 30p0
C TEST FOo pEFINE »FUNCTION, DFLAY STATEMENMNTS

OPHALF=REAL (OFPTEST)
IF(APHALF ,EQ.UPSYMD) GO TO 10600
IF(APuALF ,EQ.UPSYMY) GO TO 1100
IF(nPuALF EQ.UPSYMF) GC TO 1200
C NOT TYPE aTATEMENT C CHECK ARGS FOR TYPE
C & IS AN 1,0 CuANNEL
C # IS A oCALED FRACTION CONSTANT
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C QTHERS myusT Bp DEFINFD NAMES

829

CONTINUE
NARGS=10

C PROCESS FACH ARGUMENT

861

DO gpt Is12NARGS
ARGTvptI),@
ARGVAL (1) =®

C cHECk FnP ARG TYPE IN FIRST CHARACTER

DO gap 1J=2sNARGS

CALL MNVE (ARG(T1J),»@»TEST,2,3)
IF(EQUAL(TEST»@,ATEST,?,2)) GO TD 84p
IF(cQUAL(TEST»0,DTEST,2,2)) GO TO B4%
IF(EQUAL(TEST»2,STEST,2,1)) GO TO 87¢
IF(EguAL(YESTI@;ETEST'@)i)) GO TC B9K

C TEST SymeniL TaBLE

IF(NSYMBL EQe@) GO TO 81p

C LUOK IN syMBO_ TABLE

810
c NOT

91¢5

C skT
R2p

DO 847 Jy=1,NSYMBL
IF(FQUAL(ARGIIJ),2,SYMTAB(JJ)@,8)) GO TO 820

CONTINUE
IN gaYmTAB
WRITE(NTYps9105) ARG(IJ)

FORPMAT(1ys "UNDEFINED SYMBOL => ',1AR)
IERPOR=H :
RUFgym=ARG (1Y)

GO 10 1

ARG VALUE TO SyMROL |OCATION
ARGYAL (TJ)y=SYMVAL (J.

ARGYYPR (1J)=SYMTYP(JJ)

GO0 TD RRE

C xn***#t,w‘**t*tttt*#**#***ﬁ*tm*t**t*t***i***t#*####*t*tt*#**t**m#ttttt
C ® PROCEgs A/D D/A CHANNEL

C gET
Shg

84K

B¢,

ag@l

NUMRER OF CHANNEL
ARGVAL (1Jy=sNCFD(ARG(TJ) ) THREE)+1
ARGTYP(I j)=6
IF((ARGVAL (IJ)el.Tel1)eORe(ARGVALI(IJ)eGTe16)) GO TO Bhke
G0 0 R8O
ARGVA| (T1J)sNCFD(ARG(IJ), THREE)+17
ARGTYP(TJ)=7
TF((ARGVAL (IJ) el Te17)e0R, (ARGVAL(TJ)+GTe32)) GO TO 846
GO vo R8¢
IERROR=25
WRITE(MTYps»954y)
FOrMAT(1ys 'ILLEGAL CHANNEL CODE')
RUFgYM=ARGVAL (1J)
GO T0 4

£ o 3% ook o o i o sk g i g 36 30K e o o o ok Kok oo o o e oo o o o oo oo o N N o o
C sCALED FRACTIAN CONSTANT

£7p

ARGVAL (1)) =L0CCNT
ARGTYP(1J)=8
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C LOAD SCALFED FRACTION INTO STORAGE
NDFrg=NDFS5+1
ITYPE=4
MMeISEIX(FPINIARG(IJ)»ONE))

C wRITE SraLED FRACTION ONTO STORAGE FILE 2
WRITE(NFILE2'NDFCS)ITYPE,LOCCNT, MMy I

LOCENT=LORCNT+4
88y CONTINUE
&9p CONTINUE
89% CONTINUE
O CONTINYE
PNUMaPNUM*6
NSTMTeNSTMT+1

C wRITE HvBnl PROGRAM LINE ONTO STORAGE FILE
WRITE(NFILE1'"NSTMT)OPERCDSARGVAL (2) s ARGVAL(3),ARGVAL(4)
1 »ARGVALI(R)2ZERO
WRITE (NTYps»9988)0PERCD,ARGVAL (2))ARGVAL(3),ARGVAL(4),ARGVAL(5),IJ
99r8 FOoMAT(1x28(1g,aX))
ARAVAL (4)=0
ARGy AL (5) @
GO v0 12
C % % % % x % % ¥ % % % k %k % ok % % sk ok & % & ok % k ok k k %k % & N Kk k ® Kk
C NEFINE gTATEMgNT PROCESSOR
100¢ BUFeYM=ARG(3)
IF(NSYMBRL,EQe?)y GO TO 1020
C TEST FOrR cONF ICT
C |.U0OK IN gyMBO| TABLE FOR LOCATION
PO 1005 I=12NSYMBRL
IF(RUFSYM,EQeSYMTAB(TI)) GO TO 1210
180% CONTINUE
GO TO 172¢;
191¢ WRTTEINTyP29197)BUFSYM
a1n7 FORMAT (1y» "NAME CONFLICT => 1,1AR8,' PREVIOUSLY DEFINED NAMg!)
JERRNR=6
0 vo 1
1222 CTEaT=BLANK
CALL RYTE (BUFSYM,0,CTEST,?)
IF(CTESTOLTOLITA) GO TO 19225
: IF(CTESTeqnTeLITZ) GO TO 1025
C pUT NEW NAME N SYMTAB
NSYMBL =NSyMBL +1
IF (NQYMB| «GTNSYMAX) GO TO 1021
I=NaQyYMR|
SYMTARINSYyMBL ) =RUFSYM
C 3YMBOL vALUE 1S LOCATION CCUMTER
SYMyAL (NSyMBL Y=L OCCNT
SYMTYR (1) el
LSAVE=LOCENT
LOCANT=LOrCNT+y
rUFgyMeARR(2)
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C TEST FOrR TYPE OF DEFINE STATEMENT
IF(RUFSYM ,EG.LyAR) GO TO 1@
IF(RUFSYM EQ.LTAR) G0 TO 1030
IF(rUrSYM EQ.LBUF) GO TO 1040
IF(RUFSYM EQ.LDBL) GO TO 1060
IF(RUFSYM,EQ.LDEL) Go TO 1070
WRITE(NTYp29111)BUFSYM
9111 FORMAT(1x» 'ILLEGAL TYPE SPECIFICATICN IN A DEFINE =>',1A8)
1EFROR=Y .
GO 10 1
1821 IFRRNR=2q
GC TD 1
C #*****#,***##***t*******t#***#t#********#****##***t*t*t*#*#***ﬂ*t#**t#
C TABLE DrrINED ALLOCATE SPACE FOR NxM
C CALCULATE TABLE SIZE
193¢ MueNCFD (ARG (4) 5 ZERQ)
SYMTYP (1) w2
ITYpE=1
ZEPn=p
MM=ncED(ARG(5) ,ZEROD)
NNENN*MM
GC vo0 105¢
C ™ sk ook b v o g skok 3 % 0 g ook ok e g 0 o ok 30 0 e e o ol ol o ok ok ol e oK ok o ok ook o ook ok o oK o o R ok e ak koK o K Ok
C RUFFER NEFINEpP ALLOCATE LENGTH N+1
€ cALCULATE RUFFER LENGTH
1242 NMeNCFD(ARG(4),ZERO)
1TYPE=?
SYMTyp(1)23
C SAVE COmg =NN
125@ lL.accnNT= OCCNT+NN
1251 NDece=NDeCS+1
C WRITE Typr LENGTH LOCATION AND CODE INTO STORAGE FILE 2 FOR LOADER
WRITE(NFILEB'NDFCS)ITYPE,LSAVE;NN,I
GO T0 12
C 1F DnUBLE PRECISIUN SCALFD FRACTION SAVE ONE MOREF HALFWORD
1269 LOreNT=LACCNT ¢
SYMTYP (I} a4
GO v0 17
C o %ok 3 ok ko g o g ok 3 5 K 0 ok % i ok ol R i ok ook R ek ol ol ok e e e e ok ok K o e ok ok ok K
C nELAY STATEMENT ALLOCATE LENGTH AND POINTERS
107¢ NNaNCFD ARG (%), ZERD)
SYMTYD (1) g=NN
ITYPE=]
ZERN=n
1=9
IF(eQuAL LARG(9),0,ETEST»201)) GO TO 12271
I=lerFIX(FPpIN(ARG(5),»ZEFD))
1871 LNCeNT=| OCCNT+NN+?
GO TD 1054
1275 WRITE(NTYyP,»9110)RIIFSYM
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9118 FORMAT(1X,'ILLEGAL “AME IN A DEFINE =>',1A8)

IERROR=8
GO 1o 1
~C*******t****************ﬁ****"*‘****
C NELAY STATFMENT PROCFSSOR
1129 CONTINUE
pUFgYM=ARg(2)
C 00K IN svy“BO| TABLE
PO 11¢% Tz12NSYMBL
IF(RUFSYM EQsSYMTAB(I)) GO TO 1105
1121 CONTTNUE
T1ERROR=PE
GO vo 1
1125 LSAVE=SYMVALI(T)
IF(:YMTYp(I)oLTOQ) Go TO 1126
JIERRQOR=26
GO 10 1
1126 ARG (2)=ARG(3)
ARG(3)=ARG(4)
C SHIFT DELAY NpAME T0O 4 T ARGUMENT SLOT
ARG (4 ) =B FSYM
G0 TO R@Q
C % % % % & x % % % % & % % % % % % % % % ¥ % * ® & % * ¥ k ¥ ¥ & & & K 4
C rUNCTION QTATgMENT PRQCESSOR
125¢€ BUFsYM=ARGI(2)
DO 121" lz1sNSYMRL
IF (aUFSYM,EQsSYMTAR(T)) 60 TO 121F
121¢  CONTINUE
WRITE(HNTYpsr9118)RUFSYM
9115 FORMAT(1X,'UNDEFINED FUNCTION NAME =>1,1A8)
IERROR=9
GO t0 1
1219 ARG (p)=ARG(3)
ApG(B)’APG‘Q)
r oHIFT FUNcTION NAME TO LAST ARG LOCATION
1IFlrQuaL( ARG(S), ¢ ETEST,2,1)) GO 7O 1220
ARG (4 )=ARA(S)
ARG (5)=RUsSYM
GO0 To Ra2
122¢ ARA (4 ) =R FSYM

GO Tn 8énp
£ % ok Bk ok sk e ko e oK K g o ok ok ok ok sk o ok o ok ok o e R R o o o o R o e ol o

C + CARD TtMMEADYATE COMMAMND

3@c¥  COMTTNUE
1DUMP =7

C TEST Fon APERATION BLOCK CODF AND BRANCH
IF (NPERCD,EQ.PROGPM) GO T0 2

IF(OPERCA+EQeSYMROL) GO TO 3620

1F(neercD, EQekQJ) GO TC 5200
IF(oPeRCD EW«TSCALE) GC TO 7067
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IF(APERCD,EQsANAVAL) GO TO 8002
IF | OPFRCHEQ'SETPOT) GO TO 94RQ
C 1F OP IN £XEC LINK TC EXFC
IF(nPeERCD,EQ.EXECY) GO TO 3001
IF(OPERCD,EGeLOAD) GO TO 3001
IF(APERCD ,EQ.LIST) GO TO 3001
1F(npeRCD,,EQPRINT) GO TO 3001
IF(0pERCHeEGe PLOT) GO TO 3001
IF(nPERCD,EQ.READ)Y GO TO 3001
IF (OPERCp*EQReRUN) GO TO 3001
IF(oPFRCD,EG.TIMEOP) GO TO 3001
C JLLEAGAL nPER,TION
1ERROR=1D
GO To 1
C LINK TO gx=C MAIN
3201 CA_L CHAIN(PROGSE,?2)
C o ¥ o ok 3k ok g o e e ko g 2 o g e o e o W ok e o ok R R R ke R R MR R R KRR R MR R R kR k
C aYMBoL TARLE | IST BLOCK
360 CONT TNUE
WRITE(NTYyF»9371)LOCCNT, TOPCOR
9371 FORMAT (/2" LOCATION COUNTER =',76,"' OF ',162/)
WRITE(NTYP29372)
9372 FORMAT(1X,'SYMBGL TABLE ', /)
WRITE(NTYP»9372) (SYMTAB(T)»SYMVAL (I),SYMTYP(1),I=1,NSYMBL)
337¢ FORMATI4(qX2188,' = 1,16,!' (TYPE 1518,1)'))
GC »n 102
G o 3o ok oK g e ok R g e g o e o o ke ek ke R o R ko ks ke ok ok R ok ko R kR R R MR R K g RN
C mEMORY rFyLl FATAL ERROR
ADP W CONT INUE
WRITE(NTYp»I3395)LOCCNT, TOPCOR
93905 FORMAT(1y» "MEMORY FyLL, LOCATION COUNTER = 1,16, 'AVAILABLE CORE=
11516, FATAL EQROR'}/)
GO Tn 5@pf
A L L T I A ey T R R RS S RS R R R R R el
C =ET ANALOg TIME SCALE
770 CANTINUE
NN=NCED(ARG(2) ,ZERD)
CALt HINT
CALL TSCL (NN)
GO TO 12
C o % o ok 0 o g ok ok e oK g 3o e ok o o o o ok o o o o ok oK ol o o o o R o e ok o o o O ok ok gk R
C nET ANAL On VO  TAGE FROM SPECIFIED CHANNEL
e COMTITNUE
CALL MAVE (ARGI(3),0sP0Ts2,4)
CALL HINT
VAL =ANVA (POT)
PUT,vaL
GC t0 14
r m**t#*t***a***ﬁ********u**t*#*****t#**t*t*ttt#t*#tt**t**t*#****tttt***

C sET SERyn 20T SETTING AND DISPLAY ERROR
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Eld1's CONTINUE

CALL MNVE (ARG(2),0,P0T20,4)

VAL=FPIN(ARG(3),ZERD)

CALL HINT

CALL 8POT(POTs»VAL,IER)

PUT, 1ER

GO vp 12
C END OF JOR EX1T TO OPRPERATING SYSTEM
S5¢pe CONTINUE

WRITE(NTYp29400p)
G4 FORMAT (1y2'®* % « * % EMD OF JOB * * % % x 1)
C £ND OF oRNGRAM

END
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C EXEC PRnGrRAM, OADER INPiIT/0UTPUT,CLOCK CONTROLLER
REA_ xR PRnGS(3)
REAL*8 LDalLsLDEL
REAL_xg LVaR
REAL %R OpTEST
REA!L xg BUprSYM,QPCODE
REAL®R LTABsLBUF
REA; =g ARp(l@)
QEA!*R SYMTABICLEAR
INTERFR*p LOC,L0AD,ITYPE
INTEGFR*2 OPfRCDpLPOUND:CARDI:IPOs:LOCCNT:LITADC:LITDAC:BUFFER;CARD,
I1DSERROR,OPVALLITALLITZ
INTeEgrR%2 CORE,SYMBOL ,DUMP,PCOUNT, PSTART:PEND:LIST:DATTAB;TOPCOR
INTEGER*2 TIMEOP,ITYPE)IPCODE:SYMYYP
INTcgeER®=2 COMMA,SEMICL
INTeGeP=2 READ,PRINT,PLOT,RUN,EO0J,PROGRM
INTeGgrER%x2 OPFLAG,PFLAG, IERROR,NSYMBL,NSTMT,,NOPTAB,I»JsKaIJsKK,JJ»
1 NARGS NN, MM,LSAVE,NFILE
INTeEGER®?2 SYMVAL,ATS3IGN
INTEGER®2 ARGVAL(10)
INTEGER*2 CTEST,NAMEZ
INTcGeER*2 BUFFER(4(),BFIELD(1@)
INTEGER*2 ASTRSK;BLANK:DOLSGN
INTegeER*2 PNUM
INTeGgrR%2 ERRURS
INTERFR*s EXEC
INTegeP#2 ONEs» THREE,ZEROD
INTeGgePx2 IFLAG,NDFTS, IDUMP
INTERFR*p TSTEP,NCYCL,IREC1,IREC?
INTFGFR*2 LENGTH,LSAVES,ERROR,NFI E1,NFILE2,NTYP,NINPsNSYMAX
INTEGER#2 SETPOT,MONDE,ANVAL,TSCL
REA| xPLOy2XSCL
LOGICAL EQUAL
DIMENSION XPLOT(200),XSCL(4)
DIMENGION CARD(B(),X(25),0PCODE(4@),0PVAL(4Q)
DIMENGION SYMTAB(127),SYMVAL(100),SYMTYP(100)
NIMENSION DATTAB(1@700)
C % * % & x » % % % % w % & % % % % % % %k & & % k &k % & ¥ %k *& & X * ¥ ¥ &
C cOMMON naTA B,SE AREA
COMMON/CORES/READ,PROGRM, PRINT,PLOT,RUN,EOJ, CORE, SYMBOL »DUMP, LIST,
1 TIMEQP,LAADLEXEC,SETPOT,MODE, ANVAL,TSCL
COMMON/CONTRL/PFLAGINFILF1ISNFILE?2,TOPCOR,OPFLAGINTYP,NINP,NSYMAX,
1 NOpTAR,LACCNT,NSYMRBY{
COM~MON/OPcOD /QPCODE,OPVAL»OPERCD,BUFSYM, ARG
COMmMON/PRAGRM/PSTART,PCOQUNT,,PEND,NSTMT,PNUM,NDFCS,ERRORS
COMMON/SYMBOL/SYMTAB,SYMVAL 2 SYMTYPR
COMMON PRAGS
C » % % % % % % % % % % % % % w %k % % % %k % % H ¥ k % % % % % % ¥ ¥ % ¥ x
C pATA INJTIALIZATION
NDATA CclLEAR/! v/



50

DATA FTEST/ ' v/
3 % ok ok ok g i ok o K g 303 e o ol e ol ok o oK o 0 ok o i sk o ok ok ok ol o o e o o ol ok a0k o e o R e e ok ko ok
C FILE SPECIFICATION STATEMENTS
DEFYNF FILE 1(102,3,U,IREC1)
DEFINFE FILE 2(40,2,1,1REC2)
DEFINE FILE 3(10022,1,U,IREC3)
C % #* % % % % % % &k % &k % % % 5 ok % ok % %k & k ok ¥ W & k ¥ w X X® % % % W
C MARK FI| E 1 WyTH PROGRAM ID
NFILER=3
IPCNDE=?
WRITE(NFILEL1'1)IPCODE
CALL PUTMgS(' $EXEC ;')
C READ COrF LNDAn FROM DAFILE
REAN(NFTILe3'1) (DATTAR(I),I=1,TORCOR)
60 0 17
CONTINUE
WRITE EpROR MpSSAGE AND PROBABLE SYMROL
WRITE (NTYps9071)IERROR,BUFSYM
9321 FORMAT(1X, '#*%*xx ERRQOR #',I5,' BUFSYM =',1A8)
19 COnTINYE
C IWITIALT2F FLAGS AND BUFsg
BUESVM:CLEAR
ERRNRg="
ZERN=n
IRFLAGED
1ERROR=N
0PF| AG=0
C rEAD A raARD AND PROCESS INTO ARGS AND FLAGS
CALL CARDIN(ARG,PFLAG,OPFLAG, TERRQOR)
IF{TERRNR NEW2)y GO TO 1
C 1F NOT tMMEAD(ATE QPERATION GOTO MAIN
IF(nPFLAG,NEs1) GO TO 15
OPTEGT=ARG(1)
C LP0K IN op COpkE TABLE FOR VALUE OF 0P
DO 16 121 ,NOPTABR
IF(OPTEST«EQeOPCONDE(I)) GO TO 17

M

16 CONTINUE
JERROR=H
GO T0 1
C ok % ke ok ok 900 e g e e e o 20 o 30 g o ok o e ok e O ok ke B oK 3K ok e ok i ok ol ok e ok ke ok ol e o ok e 06 e ol ok o 06 o a0 oKk g e o o e o K o
17 NPEnCcn=NPyAL(])
951 ¢ FORMAT (X2 1@ (148,2X))

C TEST ANn g0 Tpn PROPER SURBLOCK
IF(APERCD,EQ.TIMEQOP) GU TO 3809
IF(NPFRCD,EQREAD) G0 TO 3100
IF(NPERCD,EW.PRINT) 60 TO 3200
1I(nPcRCD EQ«RYN) GC TO 2400
1F(nprcD, EQ.LOAD) GO TO 2020
IF(npPeRCDEQ.LIST) 50 TO 2500
IF(nPeRCD EQ.DUMP) 60 TO 3500
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IF(NPFRCDEGPLOT) G0 TO 4000
C RETURN 1o MAIN IF NOT A » OPERCODE
15 IPCnnE=S
C WRITE CORE 1.OAD TO DAFILE
WRITE(MFILE3'1)(DATTAB(I),I=1,TOPCOR)
WRITE(NFI| EL1'1)IPCODESIERROR
CALL CHAINI(PROGS,1)
(o e T T e T s T I T R T PR R P RS R R 22 R Y2 2L Y
C LOUAD PRNGRAM AND INITIALIZE DATA BASE
200 PSTART=LACCNT
PCOINT=PSTART
DO 2247 1=2sNSTMT
REAN(MFILEL'IIDATTAB(PCOUNT),DATTAB(PCOUNT+1),DATTAB(PCOUNT+2),DATT,
I1TAB(PCOUNT+3)»DATTAB(PCOUNT+4),JJ
PCOIINT=PCAUNT+5
2012  CONTINUE
PCOUNT=PCAUNT =5
PENn=pCOUNT
WRITE(NTYP»9200) PSTART,PEND
92p@ FOoMAT (1ys 'PROGRAM STARTS AT 1,15,5X, 'PROGRAM ENDS AT ',15,/)
PO 1m0t I=1,NUFCS
REAND(NFILF2'I)ITYPE, L OCs» LENGTH, NN
PUT, ITYPE,LOC»LENGTH,NN
C TARLE,RUFFEER,nELAY, #,D0NE
IF(TTYPE«gQe1) GO TO 1100
IF(ITVPE«cGe2) GO TO 1P@n
TF(ITYPEeprQe3) GO TO 130r
TF(TTYPE.pGe4) GO TO 1400
TEF(ITYyPEecQep) GO T 1520
TERROR=?R]
GO »o 1
1106 DATTAB(, OC) =g
G0 v0 999
12p¥€ DATTAR( OC)=NN
GO Tn 999
13p¢ DATTAR(LAC)=LENGTH
DATTAR(L.AC+1 ) =1
DATTAR(1.0r+2)=NN
GO ~p 999
1400 DATTAR(LAC)=LENGTH
999 CONTINUE
1002 CONTINUE
1820 CONTIMNUE
IF(PENDWLTTOPCOR) GO TO 10
C 1F CORE |.pAD 700 LARGE KRROR
WRITE(NTYps»35¢a)PENT, TOPCOR
a5g?  FORMAT(1y»'PROGRAM TOO | ARGE =',T16,'AVAILABLE CORE =',I16,/)
IEnRNR=3g
GO Tn 1
C % o o ok g e g e sk ok g 2 o 3 g el sk ok e ko kR Rk ok ko kR Rk Kk kR Rk ok kR ke MR R R ok Ry
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C LIST PRNGRAM (DDE ON PRINTER
25pn8 CONTINUE
CO 2@p2@ I1-PSTART,PEND»S
WRITE (NTYps9210)1,DATTAB(I)sDATTAR(I+1)sDATTAB(I+2) sDATTAB(1+3)
1 sDATTAB(1+4%)
9p1@ FORMATI(Bx2I808X01604XsT6sbX)T16s4X216,4X016)
208 CONTINUE
IF (FRRORS,EQ.?) GO To 10
WRITE(MNTYPs9385)FRROR
9388 FORMATI(1X,I5,'ERRORS IN PROGRAM,RUN WILL BE SUPRESSED!')
IERROR=12
IRFLAG=1
GO 1n 1t
C e %ok o g ok i ke 3k o 3o ko ok ok o R R ok e ok e ok e R ok Rk kR Nk ok R R R R R R R R R
C READ OPcRrATION2PRUCESS ARGS
C NAME LENGTH WYDTH
3100 NNaNrFD (ARG (3),ZER0)
ZERN=n
MManCED (ARG 4) , ZERD)
BUFSsYM=ARG(2)
C LOOK IN svyMBO TABLE FOR LOCATION
PO 2147 I=12NSYMR|
IF(aUFSYM EQ«SYMTAB(I)) 60 TO 3120
311¢ COnTINUE
WRITE(NTYR29230)
9239 FORMAT(1ys '"SYMBOL ~NOT FOUNDY)
BUFgYM=ARG(2)
IERROR=11
GO 710 1%
3109 LSAVE=SYMVALI(T)
ITYPE=SYMTYP(I)
IF(TTYPE Te@) L SAVE=| SAVE+2
IF(TTYPEsple@) LSAVE=LSAVE=1
PUT, NN MM
DO 2127 Iz1sNN
READ(NINP»92852) (X (JJ)sJd=1sMM)
907  FORMAT(1¢r1Re5)
L0 2125 J=l,MM
K=lLgAVE+J
DATTAR(K)=ISFIX(X(J))
3125 CANTINUE
L SAVE=LSAyE+MM
3134 CONTINUE

GO T0 12
Cc ******#**************#******ttt**#********#*#*t********#t******##*‘*##*tl

C PRINT OPERATIAN ,PROCESS ARGS
32 RIIFSYM=ARG(2)
C LUOK IN gyMRO_ TABLE FOR LOCATION
PO 2217 T=1,NSYMR|
IF(RUFSYM ERQ.SYMTAR(T)) GO TO 322n
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324 ¢ CONTINUE
WRITE(NTYp»92309)
RUFgyM=ARp(2)
GO v0 1
3224 LSAVE=SYMVAL(T)
NNaNEFD(ARG(3),7ZERD)
MMgNN/1ﬂ+1
PUT, NN MM
DO 2237 I=1sMM
DO ?225 Jci’lg
KstAVE+J
3225 X(J)=FLOTg(DATTAR(K))
WRITE(NTYP29242)(X(JJ)aJU=1210)
V- I FORMAT (1y210F12.5)
LSAVE=LSAyE+10
3239 CONT INUE
GO 10 19
R I T L e T T T R R R R R R R R LA R il Rl R e
C RUN QPERATION,INITIALIZE AND CALL INTERP
34p@ CONTINNE
IF(psTART ,EQ.PEND) GO TO 1
CAL, WINT
CALL cvI0 (@)
caLL tC
PAUQE 1@
C LINK TO ag™ INTERPRETER PHASF
CALL TNTERP(DATTABR,PSTART,NSTMT,TSTEF,NCYCL)
CALL &P
CALL rvIO (D)
C NONE SIMyLATIANSRETUFRN
g0 T0 10
C *****tt***m********t*t*wxt***##tt**w***##t**t*#*t*****t*##t***tu**tttttva
C cLFAR STORAGE
35p¢ 0 2518 IZ1»TUPCOR
354 @ DATTAR(y) =@
WRITE(NFILE3'1)(DATTAB(I),»I=1,TOPCOR)
GO T 19
O o™k e sk e ok B R K R Rk R R KRRk P Rk R AR KRR R AR R R RN
C cLoCk SpT 1P pLOCK
C WwRITF OUT CLOFK VALUES AND SFT CLOCK
I8 ¥ DT=FPIN(ARG(3),ZERN)
ZERN=®
TIMERePIN(ARG(2),ZEFD)
NCYrL=1+1eIX(TIME/DT)
TSTEP=ISFIX(DT)
PUT,TIME»nTaNCYCL,TSTEP
CALy HINT
CAL[ CTSTFP(DT)
GG vo 12
C ik kb g koo ¥ g TR Rk dOK R kKRR kR kR kMR RN KRR R AR Rk R
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C PLOT BLACKsPRACESS ARGUMENTS
C NN=# OF pnINTg TO BRE PLOTTED,MAX=200
4@2¢ CONTINUE
NN=nNCED (ARG(3) ,ZFRO)
IF(NNeGTep2@) NN=227
ZERA=n
405 BUrgyM=ARG(2)
C 00K IN syMBO; TABLE FOR LOCATION
DO 421?@ TI=1sNSYMBL
IF(FQUAL (aUFSYM,e,SYMTAB(1)5@,8)) GO TO 4022
4010 CONTINUE
IERROR=41
GO 7o 1
4@p¢ K=SyYMVAL (1)
MM= 4
IBOX:?
IPLNT=1
IFIFQUALIETEST,0,ARG (4),02,51)) GO TO 4@21
ZERO=p
MManceD (ApG(4) ,ZERD)
IF(eQuAL(ETEST @, ARG(S)s0s1)) GO TO 4221
IBOY:Z
TFIEaAL(eTEST,2,ARG(6),02,1)) GO TO 4p21
IPLNT=?
4221 CONTINUE
DO 4@237 Iz1sNN
JEK4 T MM
XPLOT (1) =pLOTS(DATTAR(J))
4030 CONTINUE
C SET SCALE FACTORS
XSCL(1)=2,7
XSCy (p)=1,0
XSCL(3)==q?
XSCL(4)=1,0
C PAUSF BrrnRE plOT
PAUSE 230
CALL PICTRIXPLOT )10 XLAB,XSCL12NN,2,0,IBOX,y»2,1+8,IPLOT)
CajL HINT
GO 10 192
C END OF ©RNGRAM
END
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C HYROL SrTuP MAIN=INITIALIZE FILES AND PARAMETERS
REAL %R PNpAMES(3)
REA| =R PROGS(3)
REA_ wxg OPcODE(4@)
REA_ %2 OPpq(40)
REA_*=2 ARg(12),BUFSYM)SYMTAB(10Q)
INTEGFR*p ZERD
INTEGFR*2 OPVAL (4@)
INTEGER*2 SYMVAL(1@23),SYMTYP(10@2)
IMP; TrTT INTEGER*2 {(A=Z7)
INTEGFR*2 PFLAG,NFILE1sNFILE2,TOPCOR) IFLAGINTYPININP,NSYMAX,NOPTAB
C o ™okdomkm ek y K™ koo kg ok Rk N R ke
C cPMMQN naTA BASE AREA
COMMOM/CONES/READ,,PROGRM,PRINTHPLOT,RUNSIEOJ, CORE,SYMBOL »DUMP,LIST,
1 TIMENP,LaAD,EXEC,SFETPOT,MODE,ANVAL, TSCL
COMMON/CONTRL/PFLAGANFILELSNFILE?,TOPCOR,OPFLAGANTYP,NINP,NSYMAX,
1 NOPTAR,LNCCNT,NSYMAL
COMMON/0OP-OD /0PCODE,0PVAL»OPERCD,BUFSYM, ARG
COMMON/PRAGRM/PSTART ,PCOIINT,PEND,NSTMT, PNUM, NDFCS, ERRORS
COMMON/SYMBOL/SYMTAR,SYMVAL, SYMTYP
COMMON PRAGS ,

C % % % % % & % % K % ¥ % % k % & % k k& % % ok & & wx ok % & k ¥ N X k ¥ & x
DATA PNAMES/'HYROLMAN', ' MYBOLRUN', 'HYBOLSET!/
DATA NPC/VCEFINE ', 'FUNCF1 ', 'DELAY 1, 'SETPOT ', 'ADD 15'SyB -
1UBTRACT Y vMULTIPLY ', 'DIVIDE ','COS ', VEXP ', 1L0G 'y 'GET
267 1, VPUT ', 'SENCE ' ,'READ ', ' PRINT 1, 1PLOT ', 'RU
3RUN v, 'END 'LISIN ', INTEGRAT ', "CONVOLUT*» 'DELAYS ', 'FU
4FUNCF2 ', "MODE ', 'SQRT ', 'E0J ', "PROGRAM!', 'DUMP ',
5 'MayE '2'SYMBOL ', ' ANVAL t,tLIST ', 1L 0AD tp'RETURN ',
6 »'EXEC ',trscL 'S TIMEOP 15 'FUNCHYST !, v/

e I L L T L I I I I I LI e I mMmMmmMmT™
FILE SPECTIFICATION STATEMENTS
CALL DFy 70 OoEN FILES

ICART ="

CAL|. NFI(1HYBOLFLL ',ICART,1,1ER)

IF(TER«NE,2) GO TO 9R76

I1CART=?

CALL PFI(HYBOLFL2 ',ICART,»2,1ER)

IF{YERNE,2) GO TO 23R76

ICART =™

CA L DFI('DAFILE '+ICART,3,1ER)

IF(TERNE, @) GO TO 3876

DEFYNE :I[E 10100,3:U,IRFC1)

DEFINF FINE 2(6@,2,',TREC2)

DEFsNE FILE 3(108080s11,U,TREC3)
C » % % &k % & % % &k & & & % % % Kk Kk %k ok ¥ ok % %k K %k %k % k k ¥ & % H ¥ X% x
C DATA INYTTALIZATION
TOPCOR=1PApR@
IEo0=?
IPCNDE=3

OO0 0N
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NFILE3=3
NFILERP=2
NFILE1=1
C C.EAR FTILFS 1,223 T0O ZEROD
PO & 1=1,100

5 WRITE(NFI|_E1'1)ZERO,ZERQD,ZERD,ZER0O,»ZERO ZERO
DO 10 T=1,60
10 WeITE(NpILE2'1)ZERQ,»ZERO,» ZERO, ZERO

PO 45 I1=1,TOPCOR
WRITE(NFIE3'I)ZERO,ZERQ

15 CONTINUE
C MARK FILE 1 WiTH PROGRAM ID
WRITE(NFILEL1'1)IPCODE
DO 3 T=1s1
PROGS (1 )=mpNAMES(T)

UP CONTRO_ INFORMATION
NTYP=zg
NINPag
NOPTAR=40
NSYMAx=1Dp
NSYMR| =@
LOAn=24

TIMFOP=38

EXEc=25h

REAQ:‘R
PRORRM=28

PRINT=16
PLOT=47
RUN=14 R
£0J=27

CORE=3?

sYMaQ =31

nUMpz»9
LIST=22

SEToQT=4

MODe=p®

TSCL=27

ANVAL=R2
K % ko & % ok K % 4k %k & ok K ok Kk &k ok ok ¥ k& ok ok * ok & % k % ¥ X k & ¥ ¥ %

TRANSFER NATA INTO OPCOJE TARLES
PO o 1=1,NOPTAR
CPCAPE(1):0PCILT)

OPVAL(I)=7
2 CONTINUE
OPVAL (4R) =@
C s-T P prNGRAM CHAINING LINKAGE
CAL| SETCuN(PRNGS,3)
C cHAIN Tn wYRC| MAIN
Cap L CHATN(PROGS,1)
C END NnF oRNGRAM

0w

0
¥

—

00
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CAL| EXIT
END

57
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SURROUTINg CARDIN(ARG,PFLAG»OPFLAGs IERROR)
£ sURRQUTINF TO READ,PRINT AND PROCESS A CARDe
REAL_*8 ARp(10)
INTEGER=2 BUFFER(4@),BFIELD(10)
INTEGFR*2 CARDI,CARD,LITA,LITZ,0PFLAG,1J,1,JJsKK,ASTRSK,BUFFER,
1 BFYIFLD,CTESTs»SEMICL,COMMA, IERRQOR,BLANK '
INTEGER®2 NINP,NTYP,K,IP0S,»JsPFLAG
INTegeER*2 PARR,PARL
INTegeER%x2 SLASH
LOGIcAL EnUAL
NnIMENGION CARD(8¢)
C NETA FOr ~HARACTER TESTING
NDAT A rOMMAPSEMICL/Y, 'ty '/
NATA PARR,PARL /1Y) ' ' ( '/
DATA 1LITA YA Y /,LITZ/7 v/
DATA aLANg/' v/
DATA ETEST/ ') LV
NATA NINP, NTYP/R,5/
DATA ASTRgK/!1* 1y
DATA gLASQH/'/ '/
C ™ ok ook v g e ik oK g 2k ok K el ok e o e O o R R R Rk Rk R R R Tk R kR RN R R Rk Rk y
1 CONTINUE
IERROR=QA
REAN(NINP,9@01) (CARD(1),1=1,80)
WRITE(NTYps916pm) CARD
9144 FOQMAT(/,lxn'INPUT CARD => ',800A1,"' <=!')
PFLAG=?
OPFLAG=A
9PNl FORMAT(RP,1)
C 1F / COMMENT cARD JUST FRINT
IF(cQuAL(rARD(1),2,SL ASH,D,1)) GO TO 10
DO 15 T=1,80
CARNI=NARR(TI)
C 0ok FOR A ;3 ()
IF(FQUAL(C-ARDI,P,ETEST0,1)) GO TO 1€5
IF(EQUAL (cARDI,»)PARR,%,1)) CARD(1)=COMMA
IF(EQUAL(cARDI,®,PARL,?,1)) CARD(I)=COMMA
15 CONTINUE
WRITE(NTYp2939a)
939¢ FORMAT(1X,'NO SEMICOLEN TERMINATOR CHARACTER IN CARD INPUTY)
IERROR=1 :
] RETURN
125  CARn(1)3CAMMA
CARN(T+1)xSEMICL
=2
107 I=14+1
CARNI=RLANK
CALL RYTE(CARD(I),@,CARDI,@)
TF(T+nTelp) IERROR=2
IF(TenTs1p) RETURN
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C TEST FOR TMMERIATE
C SKIP BLANKS
C rHECK FNR ALPLABETIC
IF(EQUAL (~ARDI,@,ASTRSK,¢,1)) GO YO 1@1
IF(eQuUAL(~ARDI,2,BLANKSD,1)) GO T0 10@
IF(CARDIS| TeLITA) GN TC 200
IF(TAQDIoGToLITZ) GO TO 200
GO 10 "00@
C x % sk & x % ok ¥ ok ok x 3k ok & % Kk o k %k & & % ok * ok Kk %k ¥ % ¥ Xk *k ¥k %k % %k y
C stT x FiAG
171 OPFLAG=]
GO TO 102
200 WRITE(NTYp2s91@p) 1,CARDI
C rLLEGAL INPUT IN FIRST ARG
91¢¥ FORMAT(1X,'ILLEGAL CHARACTER IN CARD COLUMN';IE"-> 12A2)
1ERRON=3
RETURN
C y‘*****j********t**t*##****##n#***t**tt*t*t*#t********t******"‘*t*#*“**##a
C WAVE PRARARLE HYBOL PROGRAM CARD
C PACK QUT JUNK BYTEg
509 IF(1.FQeq) GO TO 51io
1JSTmy
C clLEAR LFANING BLANKS
D0 s@i% Jdels1d
DO 5@1 KK=1279
501 CARD (kK )=rARD (KK+1)
50w COMTINuE
S1p CONTINUE
CAL, PaCK(CARD,80,BUFFER)
C 7 FIELDS OUr
C mUVE ARpyUMENT FIELDS FROM CARD TO ARRAY
1PO0g=o
DO =pp K=4qs8
CALL FTELN(BUFFER,BFIELD,I1POS)
CAL). MOVE (BFIE|LD)PsARGIK)»@»8)
52 CONTTINIIE
C chEAR By ANK AQGS
DO 53 K=q28
CTFeTsnLAMK
CALL RYTE (ARGI(K),A,CTEST,2)
IF(eTESTenE«RLANK) GN TO 530
DO 540 J=mur7
ARG (Jy=ARp(J+1)
B4 COnTTINUE
537 CONTINUE
C nUNE RETysny Tp CALLING PROGRAM
RETURN
END
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RN OP,sp
RY INTERP
ROL AaM INTERPRETER PHASE 2

REAL TIME PROGRAM EXECs

* rALL INTERP(DATTAB,PSTART,NSTMT,TSTEP,NCYCLseoo

% TN
Rp E
RY1 t
R E
R3 E
R4y E
RS E
Re E
R7 E
R8 E

R9 EQU

R1ia
R14
R1p
R1j3
Rixu
R193
ONE
ZE U
TWD
oPU
ADNUY
DAanl!

TERPReTER ENTRY
Qu
U
QU
QU
QL
&1
QU
QU
QU

WXNITNF WU 8

ECGU 10
EQU 14
EGL 12
EQU 113
FOU 14
EQU 1s
FQy 1
EQU n
EQU 2

M EQU 12
M EGQU 16
M EGU 17

ox ok ok % ok % kK ok ok ok ok k% & k ok & ok %k ¥ & & ¥ % & * % % % ¥ ¥ Xk ¥ & ¥

* gA
INTE
LHR
svC
svC
* GE
-
[
(I
LH
L
# g7
* ok
L
L.H
L
L
STH
STH
STH
S-_pH
STH

VE REGISTERg FOR FORTRAN
RP STM s SAyEAR

Ri4,r1e LnAD LINKAGE ADDRESS INTO 14

2,MEagIN

2,SVeppt gET STATUS FOR NnC
T ARGUMENTS INTO REGISTERS
R1,2(rR14)

R2,4(R14)
R3,6(R44)

R4,8(rR14)

R5,13(R14)
ORE AnGs IN SUB

T VALUES OF ARGUMENTS
R2,%(np)

R3,7(23)
R4, (24

RS;m(QS)

R1sTARLE

R2sPQTART

RasNaTMT

Ry,TaTe?

Re,NCYCL
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ok ok ok ok ok ok ok ok ok ok % ok ok % % & % % ok % K &k % % ok kX Kk ¥ ¥ * ¥ % % ¥ ¥
CONVERT ARGBUMENT ARRAY INDEX VALUES INTO BYTE ADDRESSES
CUPE TO TRANS| ATE IDEXES INTO ACTUAL RYTE ADDRESSES
GET PROARAY OpFSET
LR R5sRY
LHR RgsrR9 REG 6 = LINES OF CODE IN PRNG
* oYTE OFFQET=(1=1)*2

S18 R2,1

AHR R2,R»

AHR R4 ,Rp2

STH R1,PROGAD
* PSTARY = PSTART OFFSET PLUA ADDRESS OF DATTAB

* DU ALL CONVERQION ON 3 ARGS AT ONCE
GETADD LH Rps2(rl)

LH R3,4(p1)

LH Rb,6(r1)

Lw R9,@(r1)y LpAD Op CODE

LH R1g»8(RY)

x CHANGE 10 RBYTgS

* ADD=(I=¢)»2+A(DATTAB)

S1S Ras1

S15 R3s1

S1S R4,

S5 R10,1

ApF R2,R2

AR R3sR2

AMR R4yRy

AHK RiQymip

* AOD A(DATTAR)

AHR R2,Rs5

AHR R3,Rsg

AuR Ry,Ryg

ALR R12,25

* gTORE In nLn | OC

STH R222(R1)

STH R3,4(RY)

STH R4,6(RY)

STH Ry, (R1)

X" Rg)Rg | NAD A @ INTO %
COMPAR LH R7,0PcODE+2(FR&) LOAD ADDRESS OF 0P BRLOCK
CI.H R9,0PCODE(8) COMPARF OPCNE TO TABLE

3¢ FOUND  e£7UNn OPCODE

A1S R8,4 INCREMENT TO NEXT OP CODE

85 COMPAn T&EXT NEXT
FOUND gTH R7:@(gl) SAVE 0P ADD IN OP CODE LOCATION
* TEST IF pNNE

915 Ré)l

R28 CONTny GO TO INTERPRETER SECTION IF DONE ADDRESS CONVERSION
* INCREMENT AND DO NEXT LINE
ATS R1,12

* * ® *
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8 GETADD
* ok % %k k& ok %k Kk ¥ ¥ ok ok ok o % w ¥ %k &k % %k ¥ ok %k ¥ x %k % % k ¥ % ¥ & x * %
* gTART INTERPRgTEF
CONTNU EQ1 =

LH RigsNevel

LIS R10,y LOAp FIRST TIME STEP VALUE INTC 19

x STOP ANp wAIT FOR CLDCK TO RESET

LHI R1sXi1482" LCAD CLOCK ADDRESS INTO 1
CWalT SSR Rq,R2 SENCE CLOCK STATUS

BNCS CWATT L00p UNTIL CLOCK RESTETS

LHI 3,X'a047!"

LHI 2,X'o4p?!

L1l 1,X'ppan?

Ock 1,3

WK 1,2
CYCLDN ENU »

Lu R13.PRNGAD LOAD PROGRAD START ADDRESS

S15 R13,19

* w %k ok ok ok ok X X 3k k m kK Kk % k Xk * %k ¥ % % k % k ¥ k Xk ¥ % ¥ ¥ % % ¥ » ¥
* READ IN paATA gROM A/D BLOCK

* CUDE TO RFAD A BLUCK OF A/D CONVERTERS
READAD LH R4,TARLE LOAD A(DATTAB) INTC R1

LHI Rp,APNIM LoAD NyM OF A/DS

Lul R3,Xrgy! tOAD NPCODE TO READ IN ADC AND INCREMENT MUX
LHI RBs,Xvas' | OAD A HEX Ah -

LHI ResXtap' LnAD A HEX Ap

Xwk 7,7 7ERD ReG 7

READY nCR Rer*RS  SEND AN Ay TO DEVICE Ap

WwR RgspR7 SENp CHANNFL MNUMEBER

LIS R9,12 | .0AD A 12 AND COUNT DOWN TO WAIT 1@ MICROSECS
RWalT 818 poasy1 WAIT FOR 22 MICROSECONDS

BRyMS RWAYT
READ OCR R6,R3 gEND AN 84 70 THE INTERFACE

RHR Rgs,RR RFAp SCALED FRACTION INTO RR

NHI Rg,)X1FFCO!

STH RR,2(R1) SAVE VALUE IN DATTAB

AIS R1,2 INCREMENT ADORESS

ATS R7,1 INCREMENT CHANNEL #

S1S Rp,1 <URTRACT FROM LODOFP COUNTER

RnZ READ

*x NUNE READING gLOCK OF A/D IN

* ok ok ok ¥ k x Kk % &k x o % % ¥ ¥ % Kk % % ¥ ¥ ok X & & x k¥ k ¥ % % & ¥ % ¥ %
TEST EQU «

* sET OP rONE,ARGL1,ARGPHARGS

* g INSTRIICTION OVERHEAD PER SFT

A1S R13,42

LH R1,%(r13)

LHRE’E(R‘]Q)

LH R3,4(r119)

L R&4,6(R172)
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Lie RS,8(R113)
StH R2s,ARG? SaAVE ADDRESSES

STH R3,ARG3 RrECAUSE SOME OPSs NEED THEM
LH R2,A(np) GFT VALUFS OF ARGS FOR IMMEADIATES
Lu R3,8(23) '

BR R1 BRaNCH To OP CODE BLOCK

* % ok ok %k %k ok K ¥ ok g %k &k % * o & % ok % ¥ % & W & % k ok ® & % ¥ ¥ ¥ x w %
* INTERNA| ARGUMENT STORAGE LOCATIONS
ABvAL DC %1'A302
SVe2a4d DC xr129@2y!

DC X' 4@@m1

TABLE pC yr'p
PSTART DC x 1@

NSTMT pC x'ops!
PROGAD DC xro

TSTEP pC xr'ov!
SVCONE DC x12004"!
ERRCR nC yr1p!
ERRURS DC X141
LINE D X
NCYCL DC x'on!

ARRZ DC Xigo

ARG3 DC Xripo

AZVAL DC X' 4200
MASKAD DC xtFFCpqp'
LOST D¢ Xipo
SAyEAR DS 32

* gVC 2 MpsgAGE BLOCKS
MEGSIN DC 7 -

Dc 1@

Oc C' ENTER INT!

MESSS pC 9

D 6

De €Y DD op!

MESSI pC 7

De 1@

Pc C' READ ADCg'

MESSR pC 7

e 10

NC C' WRYTE DAg'

MEGSCL DC 7

e 1@

DC C' CHECKk Cly!

* nPCOpDE ANP BLACK ADDFESS TABLE
OPcODE DC 5

DCc ACADDOPR)

DC 5

NC A(SUBAP)

ne 7

D A(MULTOP)
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DC 12

Dc A(GETOP)

DC 13

Dc A(PUTAP)

DC 8

Dc A(DpIVvnOP)

DCc 3

DC A(DELAY)

Dc 19
D A(ENDAPS)

nc 21

DC ACINTGRT)

ne 23

Dc A(DELAYS)

br 22

Ne A(CONyLT)

Dc 2

DC A(FUNEY)

DC P4

Dc A(FUNCF2)

Dg 2

DC A(MOVEOP)

De @
Dr A(ENDAPS)

nC 4@

PC A(INVERT)

ok ko k ok ok kK K % ok %k K % % % k K Kk ok & ¥ ok & & % & % % & K K X & & # x
* ACD TWO scALEp FRACTIONS
ADNOP AHR R2»R3

STH R2,2(4)

B TEST

*» GURTRACY tWwn <CALED FRACTIONS
SIROP gHR R2»R3 Y
STH R2,2(4)

B TESY

* mULTIPLY Tw0D oCALED FRACTIONS
MULTOP LiMrp RI,Rp

MK R8»33 MULTYPY By SF

SLA Rg,1

STH R&»7(4) SAyE RESULT IN OUTPUT ARG LOC
B TEST

» NDIVIDE Twn SCALED FRACTIONS
DIVPOP LHR RRBaRp

Sk RgyRq

Sebd Rgs1

DMK Rg,R3 nIVIpE BY SF

STH R9»Z(4)

B TEST .
INVERT LH R3sARg3 GET LOC BACK
XnR R1,Rq  CLEAR REG 1 TD 2
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SuR R1,Rp SyBTRA-T VAL FROM ZERO
STH R1,2(R2) SEND valL QUT
B TEST

ook R ok ok ok ok g4 K ok & ok ok K ok ok K ok ok % ok % Kk & ¥ k Kk k K K Kk X Xk % ¥ &
*» pUT VALUE INTn BUFFER(NCYCL)
PUTOP | H r3,ARGS3

LHR R4,Rqp GrT TSTEF #

AHK R4sRy

AHR Ry4,Rq

STH Rp,7(4) PUy VALUE IN BUFFER

B TFST
* GET VALUF FROM BUFFER(NCYCL)
GETOP LH n3,ARGq

Lu RZ2,ARn2

LuP RusIRyp

AHR R4sRy

AR Ru,Rq

Ly R3,%(R4)

STH R3,2(2)

R TEST
MOVEOP LH R3,ARG3 GET ADDRESS OF 3 BACK

STYH Rp,2(r3) MOVE vAL TO LOC OF
R TEST
DELAYS EQ1) =
8 TEST
COnVLT EQI »
r TEST

¥ ok % %k ok 4 m %k K k & %k k & ¥ x ok ok ok ok %k B %k & X ok o & ¥ & X K %k * & ® ¥
ErRPURYL LIn R7,1

SyC 2,MEsSAG

R TEST
MESSAG DC 7

Ne 12

nc C'1LLFEGAL Op!

® ok % k& %k o % ok ¥ Kk ok ok % ok ¥ ¥ % %k k ok % ¥ % % K & % % % % * ¥ x ¥ ¥ ® ¥
* nELAY LINF = oIMPLE TYPE
* DELAY SyBROUTNE
DELAY |H nR5,7(R,) REG & IS LENGTH NN

LH R6,2(R4)

Lu R3,ARG3 GET LOC BACK

CLHR Rés25 COMpARE PNT T0O NN

BNPS PNTrok Ifp PNT SMALL ENOUGH GO TO OK

L1S Res»ONE
PNTROK LHR R7,Rg SAVE PNT IN REG 7

AHR RgisRg

AHR RgrRy ADn DISPLACEMENT FOR DATTAR

Al Rgsy  ADD 4 FOR QFFSET

LH RB,B(Re) RET DELAYED VALUE

STH R8,7A(R3) ET VAL DELAYED THEN PUT AT OP LOC
STH Rps@(re) PT NEW VALUE IN OLD SLOT

W
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AIS R7,1
STH R7,2(R4) gAVE PNT+1 IN PNT
R TEST |
* x ok ok kK *ﬁ***t##**#**t*#*****t#**t****t
* ONE pIMENGIONAL TABLE LNOKUP
FUMC1 |H =3,ARG3
A1S Ru4p2 INCREMENT PNT TO DATA
FCOMP cH 2,2(Ry) COMPARE X WITH X(I) IN TABLE
3F FEQUAL x HIT TABLE EXACT
3mM8 FyUNCnp IF X LT POINT OK
A1S Ry,& TNCRPMENT TO NEXT ADDRESS
Rg FCOMP
FUNCDO SlIa r4,4 SET & FOR X(1I)
LH R5,0(r4) LaAD X(I) IN B
LH R6,2(R4) Ré6a YI(I)
LH R7,4(R4) R7X(I+1)
Ld R9,6(4) RgaY(le1)
SHK Rg,Rg RO9my(l+l)my(])
SHR R7,R= Q7lx(1+1)nX(I)
SHR R2,R5 RP=XaX(I)
MR Rg,Ro RO9=Rox*(X=X(I)) RESULT IN RSB
DMK R8sR7  RRapB/X(1+i=X(T1) RFSULT IN R9
AHR Rg,Rg R9zp9+Y(2)
STH R9,2(rR3) »UT AT OUT LOC
R TEST DANE S0 RETURN
FEQUAL LH rps2(r%) GEYT YI(I)
SYH R2,0(rR3) pUT AT OUT LOC
B TEST
® % ok ok M ok % K K ok o &k k w ok x ok ok ok ok ok ¥ W W Xk & %k » % %k Xk ¥* ¥k % ¥ * ¥
v3z276 DC 3276
FORTY2 DC 42
TEN DC 10
TWENTY DC 2¢
= 2 INPUT FUMNCTTON TABLE LOOK UP
FUNCF2 LHR »1,Rg SAVE TABLE ADDRESS IN 1
LWRK Rp,R, SAVE OUTPUT LOC IN @
LMK R§,Rs PUT X IN §
LWR R7,Ry3 PUT Y IN 7
M R4, TWENTY m
Mu R&, TWENTY
LuR RgyRy
LuR Rg,R4
AISRQ.)j‘l !=I+i1
ALR R4sRy T=1%*5
* 25 NOW 4ags CO_UMN BYTE OFFSET
AIS Resl7  Jmdeld
LHR R7,Rg pUIT AVER FOR *
M R6,FOnTY? Jedasp
* R7 NOW Hp® ROy OFFSET BYTES
* x1YJ=lOrenOW+-OL
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AR R4,Rq  ADD TABLE LOC

LHR R1,Rz2 PUT aUTPUT LOC IN 1

AHR R4,R7 aADD rCW OFFEET

* RS NOW opgINTS TO XIYJ VALUE LOCATION

LuR Ryls,24 SAyE LOC IN 11

LR R7,Rg PUT # INTO 7

MW R6,V327¢6 *nY o1 BUT NOT A SCALED FRrAC
MW R8,V337¢ xnYoel

SuR Rp,R7 RP=nELTA X

SHKk R3,Rg9 R3=nELTA Y

* CALCULATE FaAKg END PNTS AND CENTER

Lk R5,2(11) LOAD X1s1,YJ

S RS,€(11) =~X12YJ

Mk Ry,Ro  So.F, * DELTA X DIFF

DH R4,V3n7¢ S,Fe / BY 1

AW RS,8(141) + xlaYJ

LKk R8sRx cAVE IN 8

LH RS,44(19) LAAD XT+1,Y.+1

SH RS,42(11) = XI,YJ+1

MUE RusRe % By DELTA X SaFo

DH R&,V3n76 Sepe/el

AR REB,42(11) + XI,YJ+1

SRk RE,Rg DELYA Z = Z(1+1)=2(2)

MpR R4pRa  QeF, * DELTA Y

Di R4,V3p7¢ S.Fe /41

ALR Re,Re 7=2(1)+DE|LTA Z

STH R5,@(rq) pUT AT 0UTPUT LOC

B TEST

*» TNTEgRATOR RLACK

INTGRT LH R2,ARA3 GET ADDRESS

LHR Rg,Rp SET UP FOR MULTIPLY

SHR ResRp CLEAR KR8 TO ZERO

MW REB,TSTEP INPUT*DT

SLA Rg,1 SHIFT OUT EXTRA RIT

AW R9,2(9)

ACH RRsO(3) ApD TEMP TO OLD INTEGRAL

STH R8,T113)

STH Ra,2¢3) STORE NEW IMTEGRAL IN OLD LOCATION
B TEST DoNF RETURN

w % ok sk ¥ ok ok & ok ok o % k &k % % ok % ok & W ¥ % k % ¥ & %k & Kk X ¥ X ¥ kx * X
ENDUPS EG)) =

*» WkITE OnT DAT, INTO D/A BLCCK

* nUTPUT n/za RLACK

Ll ResXtam' LnAD A HEX AQ

Lt R2,TAnLF

Aml R2,3p QT STAKTING ADDRESS OF INPUT BUFFER
XHK R3,R3 7ERO 3

LI R4 ,DANIM

XuF RE,Re 72ERQ B

Lul RgsX18p*' | OAD A INC AND SEND COMMAND CODE



68

Oc Ri,A2vAL SEND AN A2

WHR Ry,Rs  PUy IN RESET JAM MODE

OcR R1sRq SET CHANNEL VALUE

WHK R1,Rs WwRITF FIRST ADDRESS
¥RITDA OCre rR1,Rg SEND SET COMM

WH R1,@B(rp) SgND VALUE

A1S Rp,?2 NFW ARD

SIS Ry4s1 nECPEMENT LCOP

BMNZS WRITDA

0c R1,A3vAl SEND AN A3 TO INTERFACE FOR TRANSFER COMMAND
WWR R1,Rgx SENp JUNK
» DUNE WRITIMG plOCK

A1S R1@,4 ADD A ONE TO 12 TO COUNT STEPS DONE
SIS R12,4 SI/BTRACT { FROM 12 TO SET CC FOR DONE
B7 DONE +F CC 7ERO FINISHED RUN

Ldl RpsX14R' LaAD CLOCK ADDRESS INTO 2
H ok ok ok ok o % ok ok ok ok k % % Kk 4w Kk %k k ¥ & K %k & ¥ & k Kk K & ¥ ¥ % ¥ % x ¥
« rUDE T0O s¢NCE CLOCK STATUS

sgk R2,R4 SENcE STATUS OF CLOCK PUT IN 4

BrS CHIT wMISSegD PLLSE,T00 LONG A PROGRAM

BuPS CHIT  CLOcK NCT RUNNING
CLOCP gSR Rp,R4 TEST CILLOCK STATUS

anCs ¢cLOnP LNOp IF NOT DONE COUNTING DOWN

B CYCLDN RFTURM AND RESTART PROGRAM IF NOT DONE
CHI1 SVC »,MFSSs PUT OUT CLOCK ERROR MESSAGE

B CYCLDN
MESS?2 pC v

ne 1¢

ne C'clLOrk LOSY!

¥ ok % Kk % &k g kK % ok ok ¥k % ¥ %k Kk Kk & &k k % k Kk k & B % k K KK X ¥k & k &
x nh INTErupT CHECK IF FINISHES PROG OK

* FINIGHEn RUNNYNG PROGRAM
NONE LKW Ry ,rRRORS

Bal. 15,8p

nc 2

L+ RQ,SAvEAR? pETURN FEGISTERS FOR FORTRAN

AW R15,7(R15) gET RETURN ADDRESS

RR Rig

END





