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ABSTRACT 

This dissertation describes DARE III, an on-line, 

time-shared all digital simulation system developed at the 

University of Arizona's Department of Electrical Engineer

ing Computer Science Research Laboratory (CSRL). This 

project is a part of the continuing study of on-line 

digital simulation under the direction of Professors 

Granino A. Korn and John V. Wait. 

DARE III combines the very convenient text-editing 

and data input/output features of a l6K DEC PDP-9 mini

computer with the full floating-point arithmetic power of 

a large CDC 6400 computer. Simulation problems with 100 

parameters, 200 system differential equations, and 300 

output variables may be formulated and run with DARE III. 

Problem equations and solutions are entered and 

displayed at the remote PDP-9 terminal using cathode-ray-

tube displays, keyboards, and XY graphic plotters. The 

DARE III system contains all routines needed to formulate 

and run a simulation problem. The user may enter either 

a single simulation run or specify more complex multi-run 

simulation study, as desired. A choice of several fixed-

step and a variable-step Runge-Kutta integration routines 

is currently available. The system is designed so that 

viii 
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additional integration routines can easily be added as they 

are developed. 

Simulation problems are executed on the fast 

floating-point CDC 6400 computer. The PDP-9 and the 6k00 
are linked together using CDC's INTERCOM 2 system which 

operates over a switched, voice grade telephone line at a 

rate of 2000 bits per second. DARE III contains all the 

routines needed to communicate with the 6400; the only 

interaction required by the user is to dial, connect, and 

eventually disconnect the telephone. 



CHAPTER I 

INTRODUCTION 

DARE III is an on-line interactive digital simula

tion system which combines the convenience of a small, 

inexpensive input/output terminal and the full power of a 

large and sophisticated simulation system. A mini computer 

(PDP-9) for local editing and display routines is used at 

the terminal, while translation and execution of large-

scale simulation programs takes place in a remote digital 

computer (CDC-6400). Only a voice-grade telephone line 

link is required. 

This chapter attempts to familiarize the beginner 

with the basic use of the DARE III system. The main parts 

of the DARE III system, and their relationships to each 

other, are illustrated in the time sequential flow diagram 

of Figure 1.1. The system is detailed in Chapters 2 and 3« 

Chapter 4 contains several problems which illustrate the 

use of DARE III. 

1.1 Operation of the DARE III System (Korn, 1971) 

The local portion of the DARE III system, which 

involves five overlays on the l6K Digital Equipment 

Corporation PDP-9, is loaded onto the small PDP-9 disk from 

a reel of magnetic tape. The "communication line" on the 
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Figure 1.1. Time Sequential Flow Chart of DARE III 
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alphanumeric CRT screen says 

DERIVATIVE BLOCK NO 1 - INPUT MODE 

The operator now simply types first-order differen

tial equations (state equations), such as 

XI'= A*X2 

X2'=-B*Xl+C 

and equations introducing "defined variables," say 

B=C-2*C0S(T) 

in any order (where T is the independent variable time, 

T ̂  0 always). Note that first order time differentiation 

is denoted.by .an apostrophe. Comment lines to aid in 

report preparation can be liberally interspersed with this 

material. A comment line must begin with an asterisk. 

Program and text can easily be edited on the CRT screen 

by means of an editor program, which permits one to locate, 

delete, replace and modify symbols, and to move and delete 

entire lines. A complete teletype listing of the material 

in a problem can also be obtained by typing PRINT REPORT on 

the "command line" of the CRT screen. A complete paper 

tape version of the problem is punched when PUNCH PROBLEM 

TAPE is typed on the "command line." Previously defined 

problems can be read from paper tape by typing READ PROBLEM 

TAPE. 



k 
Table look-up functions of one or two variables are 

simply entered as one- or two-dimensional tables called by 

function names. 

If we now simply want one solution of the differen

tial equations .just typed, we can call for compilation by 

typing COMPILE on the "command line." 

For more complex simulation study requiring 

multiple differential-equation solution runs, we type 

OPEN LOGIC and proceed to type a FORTRAN IV program such 

as 

CALL RUN 

A=50 

CALL RUN 

A=7 • 3 

etc . 

This logic block will control the computation and call for 

successive equation solving runs with suitable parameter 

changes. which could depend on results from past solutions. 

as in parameter-optimization programs. 

The simulation program is now complete except for 

parameter values and initial conditions; we proceed to 

transmit the program to the CDC-6400. 

When ready, the user calls the DARE III translator/ 

compiler by typing COMPILE. The CRT screen then tells him 

DIAL COMPUTER 32^3 
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The user complies; this signs him automatically into the 

CDC INTERCOM remote-batch-processing system. The DATA 

button on the phone should be pushed after the initial 

answering tone is finished. Under normal circumstances, 

no other user action is needed until the message HANG UP 

THE PHONE appears on the screen. 

The CDC 6400 now operates on the received program. 

As shown in Figure 1»1, a precompiler (translator) first 

sorts the equations defining the state-variables deriva

tives, so that no statement can call for as yet uncompiled 

variables. The CDC FTN FORTRAN compiler is loaded next and 

compiles the resulting FORTRAN program, including the Logic 

block . 

After a successful DARE III translation, the message 

HANG UP THE PHONE 

appears on the CRT screen. The user disconnects the 

telephone by lifting the hand set, pressing the TALK 

button, and replacing the hand set in its cradle. At this 

time, any translation and compilation errors encountered 

will be listed on the teletype. Whenever any translator or 

FORTRAN compiler errors are detected, the DARE III system 

will return to the DARE III editor, ready for the user to 

make the necessary corrections. 

After the simulation problem has been successfully 

translated and compiled, the CRT screen will say 



SELECT INTEGRATION METHOD 

The user must then type the number of the integration rule 

which he wishes to use. 

The CRT screen will next display all the user 

defined input parameters and state variables. and the 

system variables that are used by the integration method 

selected. A typical display would be: 

TMAX= DT= 

Xl= X2= 

A= C = 

where: TMAX = maximum time of a single simulation run 

(time always starts at T = 0). 

DT = integration step size. 

X1,X2 = initial conditions of the state variables. 

A,C = input parameters. 

Any previous data supplied by the user will also appear 

next to the appropriate name on the screen. Additional 

input parameters are entered by typing (NAME)=(VALUE) on 

the bottom line of the CRT screen. After pressing the line 

key VALUE will appear next to (NAME) in the list. The 

input values and the method number can be changed as often 

as desired. 

We are now ready to solve tne differential equa

tions . The user types RUN and supplies the number of 

output data points and the post run-time output display he 
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wishes to see, say 

DISPLAY(TIME)X1,X2,X3,X4,X5 

Any output data not referred to in this request can be 

retrieved later as post-run display requests. The 

floating-point DARE III system is completely scale-factor-

free, and solution plots are scaled automatically for 

optimal displays. 

The same procedure as outlined above is now 

followed again for dialing, connecting, and eventually 

disconnecting the telephone line. After the simulation run 

is finished and the telephone has been disconnected, the 

•seXec.t&d .output ..display, will automatically appear on the XY 

display screen. The alphanumeric CRT screen will also 

display the maximum values of the various arrays shown, and 

the maximum time. (The DARE III system does not display 

the differential equations themselves during the solution, 

but only after each differential-equation solving study.) 

After a set of differential equations has been 

solved, one can recall time histories and cross plots of 

all state variables and/or defined variables from the 

DARE III/6400 storage tapes. At the terminal, data not 

needed to satisfy the current display request may be 

destroyed by the incoming data--but. all the original data 

are still available on the 6400. The following display 
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options are obtained by simply typing requests on the CRT 

typewriter: 

1. Plot up to k variables against T on the same or 

different reference axes. Curves can be in k 

colors. 

2. Plot any variable against any other (phase-plane 

plots) . 

3. Tabulate up to k variables on CRT, teletypewriter, 

or 6400 line printer. 

k. Obtain hard-copy plots on the 4-channel stripchart 

recorder or XY recorder. 

The ..possibility of plotting ..any set of variables 

against time or any other variable, including variables 

saved from preceding computer runs by a special option 

code, is not only very convenient for evaluation of 

results and report preparation, but also constitutes a 

useful debugging aid. 

As shown in Figure 1.1, a new run of the simulation 

problem can be requested from the display routines by 

typing RESET in COMMAND mode. Initial conditions and 

parameters can be changed before the rerun as described 

above. Typing RESTART in either the data input or display 

command modes will open the editor for text input or 

modification--this will make it necessary to recompile the 

problem before another run. 
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DARE III offers more sophisticated programmers the 

option to add program blocks written in the "host language" 

(FORTRAN IV). This permits one to use the convenient 

console operating systems with very general programs. The 

inexperienced programmer, on the other hand, does not need 

to know about this feature, and basic DARE programming, say 

for students in control theory or differential equations, 

remains extremely simple and can be learned very quickly. 

1.2 The DARE III Architecture and Hardware 

The DARE III system employs a simulation language 

based on the Simulation Council's CSSL (Continuous System 

Simulation Language) specifications (Strauss, 1967), an 

interactive input/output operating system, the. PDP-9, and 

an economical and fast floating point, batch mode, simula

tion system on a time-shared CDC 6400. Use of the 64.00 

allows one to run simulation problems with 200 state 

variables, 100 input parameters, and 100 output variables. 

Additional simulation runs with different parameter values 

and initial conditions can be made without recompiling. 

The DARE III simulation system consists of an 

on-line CRT text editor (PDP-9); a language translator 

(64:00) , which produces FORTRAN IV subroutines from the 

DARE III language statements written by the user; a 

FORTRAN IV compiler (6400); an interactive input routine 

for parameter values and initial conditions (PDP-9); a 
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Run-Time system (6400), which executes the simulation; and 

an output display routine (PDP-9/6400). 

The PDP-9 sections of the system operate under the 

control of an input/out text-handling,, disk-based monitor. 

The CDC 6400 sections operate under the standard CDC 6000 

series SCOPE operating system and uses the CDC FORTRAN 

Extended Compiler. No modifications have been made to the 

SCOPE system or to any 6400 system program. 

The DARE III user terminal operates with the 

existing CSRL's Digital Equipment Corporation PDP-9, with 

16,384 words of core storage, a small disk and an input/ 

output console developed at The University of Arizona. The 

console contains a graphic CRT display, an alphanumeric 

display with keyboard, a color CRT display, an XY recorder, 

and a stripchart recorder. 

The central processor is the University of 

Arizona's Control Data Corporation 6400. The only remote-

access computing service available from the University's 

Computer Center is CDC's INTERCOM 2, really a remote-

batch-processing system. INTERCOM 2 operates over a 

switched telephone line at a rate of 2000 bits/sec. The 

interface from the PDP-9 to a Bell System 201A Data Set 

was developed and built by Ernest Carter. INTERCOM is 

mainly intended for remote processing of batch jobs through 

CDC's remote 200 User Terminals. PDP-9 software to 
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"simulate" a CDC 200 User Terminal has also been developed 

for the DARE III project. 

Several fixed-step and a variable step Runge-Kutta 

differential equation solving routines and a transfer-

function routine are available. Any number of integration 

routines may be easily added as they are developed. 

The details of the DARE III system software and 

hardware may be found in Aus (1971b). 



CHAPTER 2 

THE DARE III USER SYSTEM 

This chapter details the various DARE III functions 

available to the user in formulating, running, and dis

playing the solution of a problem. 

2.1 Program and Report Preparation: 
The DARE III Editor 

The DARE III system is adapted to a particular 

simulation study by typing DARE III and FORTRAN statements 

into the various DARE III blocks outlined in the previous 

chapter and listed in more detail in Table 3«1* The state

ments specifying the problem are entered in these blocks 

with the aid of the DARE III CRT editor. 

The DARE III editor is the standard CSRL text 

editor modified to allow problem preparation as well as 

report preparation. 

The editor is always in either the command mode or 

the input mode. 

In input mode, statements may be typed and modified 

on the portion of the open file currently being displayed 

on the screen. These additions and modifications are 

performed only at the cursor location, which may be moved 

anywhere in the text area by the cursor control keys on the 

12 
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keyboard (Table 2.1). The special keys described in 

Table 2.2 can also be used to modify the text area. The 

upper 22 lines of the screen are available for text input 

and modification (Figure 2.1). 

In command mode, the editor responds to commands 

typed on line 24. The possible commands are shown in 

Table 2.3• Only the initial letters that uniquely identify 

the command are needed. The command is processed when the 

LINE key is typed. 

Typing the INT key switches between the two editor 

modes. Line 23 is used to display the editor status 

messages. The initial state of the editor is with the 

Derivative Block No. 1. open. 

All blocks which are used in the simulation study 

are stored on disk 1 (DKl) as separate files. 

A hard-copy teletype printout of the simulation 

study created with the aid of the DARE III editor may be 

obtained by the use of the appropriate editor commands 

listed in Table 2.3» Paper-tape copies of problem state

ment. comments, and data may also be obtained. DARE III 

programs created previously can be read in from the paper 

tape reader. 

After a simulation study is prepared using the 

editor, it will be automatically transmitted to the 6400, 

translated to FORTRAN, and compiled when the COMPILE 

command is issued (Table 2.3)• The computer is then dialed 



Table 2.1. Cursor Control Keys 
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Key Function 

t > | , and These four keys move the cursor in 
the indicated direction. 

RETURN Moves cursor to beginning of the 
line it is in. 

RESET Places cursor in upper left-hand 
corner of text area. 

LINE Moves cursor to beginning of next 
line. 

TAB Advances cursor to the next fixed 
tab position of current line (7 
space tabs). 

Table 2.2. Text Area Manipulation Keys 

Key Function 

IN 

OUT 

(SP CODE) IN 

(SP CODE) OUT 

(SP CODE) U 

Inserts a blank space in a line at the 
cursor position. 

Deletes the character which the cursor is 
under, moving the rest of the line to the 
left to fill up the space. 

Inserts a blank line before the line 
containing the cursor. 

Deletes the line the cursor is in. 

Replaces the line the cursor is in with a 
blank line. 
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Figure 2.1. CRT Editor Screen Format 
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Table 2.3 • DARE III Editor Commands 

Command Use 

OPEN name 

SCAN 

Opens the block "Name" for modifica
tion. NAME is the name of one of 
the DARE III Blocks. The name may 
be abbreviated to the first letter 
followed by any number required to 
identify the block. 

Opens the next DARE III block which 
is not empty. Derivative Block 
Number 1 is always opened when 
encountered. 

NEW Display the next page of the block 
on the CRT screen. One page of text 
is any 22 successive lines in a 
block. 

MOVE n or n 

TOP 

Move the page displayed on the 
screen up or down n lines. /n is 
positive move forward, if n is 
negative backward. The number n may 
appear above. 

Rewind the open file and display the 
first page of the block on the 
screen. 

BOTTOM 

LOCATE string 

Position the block so that the last 
11 lines of the block are displayed 
on the upper half of the screen. 

Locate the combination of characters 
"string" in a line. The search 
begins with the text line just below 
the page displayed on the screen. 
The search continues to the end of 
the block if no match is found. The 
text "string" may appear anywhere in 
a line. 

FIND string Same as LOCATE except that the 
"string" is the first non-blank 
character string of the line. 
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KILL 

PRINT EQNS 

PRINT DATA 

PRINT REPORT 

PUNCH DATA TAPE 

PUNCH PROBLEM TAPE 

PUNCH TABLE TAPE 

READ PROBLEM TAPE 

COMPILE 

CLEAR 

Table 2.3»--Continued 

Erases the entire contents of the 
block. KILL may not be abbreviated. 

List contents of currently open 
block. 

List data. Data may also be listed 
when the data input routine is 
active. 

List all blocks and data. 

Punch data tape. 

Punch complete problem tape. 

Punch out contents or currently open 
block. 

Read in any punched tape produced by 
DARE I. 

Starts compilation. 

Erases all problem input and re
starts the DARE III editor. CLEAR 
may not be abbreviated. 



18 

using the key phone set adjacent to the keyboard when the 

message DIAL COMPUTER appears on the screen. 

2.2 Using the DARE III/CDC 6400 Linkage 

The only action normally required by the DARE III 

user to establish the connection with the 6400, is to dial 

the computer center, connect the telephone, and eventually 

disconnect the telephone. Initially the message DIAL 

COMPUTER XXXX will flash on the screen, where XXXX is the 

current University telephone extension of the 201A Data set 

at computer center. The DATA button on the data set is to 

be pressed momentarily after the central site answer tone 

stops. The telephone hand set may now be replaced in its 

cradle. 

The strip lights on the console adjacent to the CRT 

keyboard should now begin to blink. These lights are pro

vided only as an indication to the user that the telephone 

line is active. As shown in Table 2.4, the first message 

to appear on the screen is CDC's CONTROL DATA INTERCOM 

message. The user is not to respond to this or any of the 

other INTERCOM messages. The only messages that the user 

is to respond to are DIAL COMPUTER XXXX and HANG UP THE 

PHONE. To disconnect the telephone, remove the hand set 

from the cradle, press the TALK button, and replace the 

hand set in its cradle. 
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Table 2.4. DARE III Messages Received from CDC INTERCOM 

Message User Action 

DIAL COMPUTER 3243 

CONTROL DATA INTERCOM 
DATE mm/dd/yy 
TIME hh.mm.ss. 

TYPE VALID PASSWORD-

TYPE VALID USER NAME-

05/15/70 LOGGED IN AT l4.04.02. 
WITH USER ID XX 

COMMAND 

COMMAND 

OUTPUT QUEUE 
DARE 3XX 

COMMAND 

COMMAND 

CP TIME 1 6 . 5 6 9  
PP TIME 955.398 
09/22/70 LOGGED OUT AT 12.19.06 

PLEASE WAIT 

HANG UP PHONE 

Any other message on telephone 
line interrupt 

Dial the telephone 
number shown and depress 
the DAT A button after 
the answer tone is 
finished. 

Wait 

Wait 

Wait 

Wait 

Wait 

Wait 

Wait 

Wait 

Wait 

Wait 

Press TALK button and 
hang up the phone 

Press INT key and wait 
for instructions from 
screen 
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If any message other than the ones shown in Table 

2.4 should appear on the screen, or if the panel strip 

lights stop blinking, the user should press the INT key on 

the keyboard. The user then waits for instructions from 

the screen to HANG UP THE PHONE and DIAL COMPUTER XXXX. 

The particular CDC DARE III job will be retransmitted to 

the computer center if and only if it was not successfully 

transmitted previously. If the job was previously trans

mitted the DARE III linkage will wait for the output as in 

an uninterrupted job sequence. 

2.3 Entering Parameter and Initial Condition 

Execution of the simulation study takes place in 

the CDC 6k00 central processor. The DARE III system con

tains a conversational input routine on the PDP-9 which 

provides the run-time system with initial conditions and 

parameters. 

After the translator on the 6k00 is finished, _a 

list of the input parameters and state variables requiring 

values and initial conditions is returned to the user. 

When requested by the screen, the user selects the integra

tion method he wants and proceeds to input data to the 

system. The method number may be changed at any time 

during data inpiit by typing M and repeating the above step. 

Data is input on the last line of the screen by typing the 

name of the parameter or variable followed by an equal 
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sign, followed by a value of up to l*t characters in E or F 

format. 

The user can page through the input list and 

request the input data to be printed out on the teletype 

by pressing the INT key and issuing any of the commands 

listed in Table 2.5« The user returns to the data input 

mode by typing INT. 

The selected integration method determines some of 

the system parameters to be specified. Method <$ is a 

default option, which displays all 19 system parameters to 

the user. Method ^ should be used only by a user develop

ing his own integration routines. 

The integration methods currently available are 

listed in Table 2.6. 

2.k Start of Simulation Run 

A DARE III simulation run is initiated by typing 

RUN in COMMAND mode. After typing RUN, and before a 

simulation run can start the user must also type a graphic 

display request and the number of output points the graphic 

display should contain. Both of these requirements are 

imposed by the relatively slow telephone line and the fact 

that it is impossible to store at the local terminal all 

the potential output data from DARE 111/6^00. That is, the 

voice grade telephone line would require approximately one 

hour to transmit enough data to fill one PDP-9 disk unit; 
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Table 2.5» Summary of Data Input Commands 

Command Use 

TOP 
or 
T 

NEXT 
or 
N 

FIND name 
or 
F name 

PRINT DATA 
or 
P 

RUN 

CLEAR 

RESTART 

METHOD 
or 
M 

OWN 
or 
0 

CLOSE 
or 
C 

Returns the CRT display to the TOP of the 
input list. 

Displays the next 60 input variables on the 
CRT. 

Displays the next 60 input variables on the 
CRT starting with the variable name. 

Listing of current input data. 

Start simulation Run. 

-Erases all problem input and restarts the 
DARE III editor. 

Reloads the DARE III editor. 

Change integration method. 

Open the OWN block for text editing. 

Closes the OWN block and returns control to 
the DATA INPUT COMMAND mode. 
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Name Comments 

4ib Order Runge-Kutta Basic fixed step size routine 

Number 

1 

2 Transfer 

3 2 Point Runge-Kutta 

4 Runge-Kutta Merson 

Dummy integration routine 
used if problem definition is 
entirely in terms of first 
and second order fixed-linear 
operators (see Table 3*8) 

Second order fixed step size 
Runge-Kutta routine (Heun's 
method or Improved Euler) 

Variable step size 4tb order 
Runge-Kutta routine with 
either relative (SYSVI = 0) 
or absolute (SYSVI > 0) error 
control. If SYSV6 is non
zero a history of the step 
sizes will be printed on the 
teletype at the end of the 
simulation run. 
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note that INTERCOM transmits only 1000 characters every 

five seconds. Also, one full PDP-9 disk unit can handle 

only one-fifth of the maximum amount of data that DARE III 

could return. The maximum (and default) number of points 

is 512. In order to save time debugging runs may be run 

with a smaller number of points than 512. 

The output request must be of the form 

DISPLAY(FNAME)XI,X2,X3,... 

FNAME is required to distinguish between the four possible 

DARE III data storage files available. For a simple pro

gram FNAME is TIME. FNAME must appear in each request. No 

default name is assumed. Only the names TIME and CROSS can 

be used at this time. The storage files available to the 

user are explained in the next section. 

The display request can contain up to five output 

variables, Xi. Only the data needed to satisfy this 

DISPLAY request (and no other data) will be returned to the 

PDP-9 terminal at the end of the simulation run. Any of 

the DARE III output requests may be issued later on. 

When requested by the screen, the user once again 

dials the computer center. 

2.5 Data Output: DARE III Conversational 
Output Display 

Output from the run-time system is provided in the 

conversational output routine also located on the PDP-9* 
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Entry to the conversational-output display overlay 

is automatic after the completion of a simulation run on 

the 6400. Data for the display routines are recalled from 

the 6400 only as needed. The file name and variables 

selected determine which data, if any, are to be recalled. 

All scaling is automatic, with full-scale values 

listed on the CRT screen. 

The display overlay is divided into three modes: 

SELECT DISPLAY, COMMAND, and the display itself. Pressing 

the INT key will switch between the SELECT DISPLAY and 

COMMAND mode. Pressing the INT key while a display is 

active will return the user to the COMMAND mode. The 

SELECT DISPLAY REQUESTS and DISPLAY COMMANDS available are 

shown in Tables 2.7 and 2.8. 

The file name (frame) in the request statements 

refer to the DARE III storage files on the 6400. The file 

name must be TIME, CROSS, STORE, or SAVE, n. (The number n 

is the desired SAVE file number.) FNAME is required in 

each display request because four different data storage 

files are available to the DARE III user. The name and 

function of each of these files is listed in Table 2.9« 

The data on all of these files are stored in the usual 6k00 
floating-point format. 

Only the output data needed by the output display 

requested at the start of the run are returned to the PDP-9 

immediately after the end of a run. Any data not returned 
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Table 2.7. Display Commands 

Command Use 

RESET Returns control to the DATA INPUT overlay. 

RESTART Returns control to the DARE I/III editor. 

CLEAR Erases all problem 
DARE III editor. 

input and restarts the 

BLINK n 
or 
B n 

Trace number n will 
after the LINE key 

blink on the XY screen 
is typed. 
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Table 2.8. Display Requests 

Request Use 

DISPLAY (fname, option) XI, 
X2, , T* 

DISPLAY (fname) XI, X2 

PLOT (fname, option) XI, 
X2, , T* 

PLOT (fname) XI, X2 

LIST (fname) XI, X2, 
or 

LIST (fname, n, m) XI, 
X2, 

PRINT (fname, device) XI, 
X2, — 
or 

PRINT (fname, device, p) 
XI, X2, 
or 

PRINT (fname, device, n, 
m, p) XI, X2, 

Displays up to 5 variables vs. 
time on the graphical CRT 
display. 

Displays a phase plane plot of 
XI vs. X2 on the graphical CRT 
display. 

Produces a hard copy of up to 
5 variables vs. time using the 
X-Y plotter. 

Produces a phase plane plot of 
XI vs. X2 on the X-Y plotter. 

Uses the alphanumeric display 
to output a list of 20 values 
for each of one to three vari
ables and T. The first line 
is for T = n and the last line 
for T = m. If n and m are not 
given T starts at 0 and in
creases so that T for line 20 
is TMAX. As many significant 
digits as possible are shown 
for each value. 

Lists up to 5 variables and T 
on the device selected. T = n 
for the first line and is in
creased by p for each addi
tional line until T = in. If n 
and m are not given n = 0 and 
m = TMAX is assumed. If p is 
not given p = TMAX/no. of 
points is used (all stored 
values are typed out). The 
device is either the 6k00 line 
printer, LP, or the PDP-9 
Teletype, TT. 
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Table 2.8.—Continued Display Requests 

Request Use 

QLIST XI, X2, 
or 

QLIST (n, in) XI, X2, 

QPRINT XI, X2, 
or 

QPRINT (p) XI, X2, 
or 

QPRINT (n, m, p) XI, X2, -

CHART (fnarae) XI, X2, 

STORE (fname) XI, Si, X2, 
S2, — 

PROBE (TIME) 
or 

PROBE (CROSS) 

PRINT (LIST) 

Lists up to 5 variables on the 
alphanumeric display. The 
tabular data displayed are a 
alphanumeric interpretation of 
the 9 bit graphic data cur
rently stored on the local 
terminal. The options n and m 
are the same as for the LIST 
request. 

Lists up to 5 variables on the 
teletype. The tabular data 
are an alphanumeric interpre
tation of the 9 bit graphic 

- data currently stored on the 
local terminal. The options 
p, n, and m are the same as 
for PRINT request. 

Produces a hard copy of up to 
k variables vs. time using the 
strip chart recorder. 

Saves the current histories 
for access after successive 
runs. XI is stored as Si, X2 
is stored as S2, etc. Up to 
100 variables may be stored. 
TIME and SAVE file variables 
or CROSS variables may be 
stored in successive runs. 

Prints on the teletype all 
variables in the TIME or CROSS 
file which contain either 
indefinite or infinite values. 

Duplicates the results of the 
immediately preceding LIST 
command on the teletype. 
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Table 2.8. —Continued Display Requests 

Request Use 

PRINT (LIST) Duplicates the results of the 
immediately preceding LIST 
command on the teletype. 

In the requests indicated by * the option repre
sents an optional display modifier S, T, or C which perforin 
the following functions: 

S Separate curves—if two or three variables are 
requested the curves are displayed on separate axes, 
with automatic scaling. 

T Scale Together — full scale values for all curves are 
forced to be equal to the largest value required. 

C Color--use color CRT display for output (only with 
DISPLAY) . 

S and T may be used together (written (S, T)) or 
separately. 

C may only be used by itself. If no modifier is given, 
all curves are displayed on one set of axes, with an 
individual full scale value calculated for each 
curve. 
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Table 2.9* DARE III/6400 Data Storage Files 

File Name - 6400 Use 

TIME Time history of a simulation run. A 
CALL RUN generates this file and 
destroys any TIME file from a previous 
RUN. 

CROSS 

SAVE, n 

Current output data are stored on this 
file each time CALL STORE is issued 
from the logic block. 

Time history of a simulation run for a 
user determined subset of the output 
variables. A CALL SAVE (list) ini
tializes the next available SAVE file 
which is written onto during the next 
simulation run. Previous SAVE files 
are preserved. All SAVE files are 
available to the user and data in a 
SAVE file are returned to the PDP-9 
•when requested. It is the user's 
responsibility to keep track of which 
RUN is SAVED in which SAVE file. The 
number n refers to the ntb SAVE file. 

STORE Stores the selected output data from 
the current simulation study for com
parison with later studies STORE 
requests are made in the REQUEST block, 
Current data are stored under variable 
names determined by the user. Only 
data from the TIME file and the SAVE 
file or from the CROSS file may be 
stored in any series of simulation 
studies. Up to 100 variables may be 
stored in the STORE file. 
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at run time may be requested by the user in later addi

tional output requests. The current output data in the 

PDP-9 are destroyed each time additional graphic data are 

recalled, but the data destroyed in the PDP-9 are still 

available on the 6400. 

Additional output requests can now be made by 

pressing the INT key until PLEASE SELECT DISPLAY appears on 

the screen. The graphic output requests are DISPLAY, PLOT, 

and GRAPH. The DISPLAY request is used to show the selected 

variables on either the black and white or color TV screen. 

The PLOT and CHART requests will produce hard-copy X-Y 

plots and strip chart recordings, respectively. A variable 

may be stored for future reference by using the STORE 

request. The LIST and PRINT requests produce tabular 

listings of the data on either the teletype, the CRT 

screen, or the CDC-6400 line printer. 

The user output request may or may not require 

additional data from the 6400. A graphic output request 

can be handled locally if all the data necessary to grant 

the request has already been transmitted to the PDP-9 disk. 

That is, the pre run-time request DISPLAY(TIME) X1,X2,X3, 

X4,X5 will allow all the graphic requests in Chapter 2 of 

the form REQUEST(TIME) Ni where Ni is a subset of the 

variable names in the original DISPLAY request. Whether or 

not the user's request can be handled locally is completely 

determined by the terminal; the above information is 
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intended only as a guide in the selection of the initial 

and subsequent output requests. 

If the output request cannot be satisfied locally 

the screen will simply once again flash DIAL COMPUTER. The 

same telephone manipulation described above must then be 

performed again to allow the data retrieval routines to 

transmit the additional required data to the terminal. 

All the teletype, CDC-6400 line printer, CRT 

listings, and STORE requests require data retrieval runs. 

The only exception is PRINT(LIST) which simply duplicates 

the CRT data listing on the teletype. 

Any arithmetic errors which occurred during the 

simulation run will be flagged on the teletype. The 

PROBE(FNAME) request is provided to aid the user in 

determining which output variable, if any, caused the 

problem. 

The use of the CDC-6400 line printer for data 

tabulation is encouraged mainly because the telephone line 

and the teletype are both extremely slow devices. The 

printout of the tabulated data can be obtained from the I/O 

clerks at the computer center under the job name DARE3. 

The ability to generate large printouts without any input 

card deck continually amazes the I/O clerks! 
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2.6 Errors and Diagnostics 

Operator errors at the terminal are flagged 

immediately by the CRT screen along with corrective 

instructions to the user. Errors detected by the central 

processor are returned with the batch job and are typed, as 

received, on the teletype. After the errors have been 

typed, the system returns to the editor if a translator or 

compiler error has occurred; otherwise the display overlay 

is activated. The type of errors and error-message formats 

for the various sections of the 6400 simulation system are 

outlined below. 

2.6.1 Translator Errors 

Any errors encountered during the translation phase 

will be flagged in the following format: 

NAME of block containing error 

ERROR 

ERROR TYPE 

ERROR LINE 

The different types of translator errors are listed 

in Table 2.10. 

2.6.2 Compiler Errors 

All compile errors are flagged in the following 

format: 
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Table 2.10. Translator Errors 

Error Type Diagnostic 

ERROR0 Error, improper file marks—check FORTRAN 
blocks for proper entry point statement 

ERROR 1 Variable name too long 

ERROR 2 Multiple use of variable name—maybe illegal 
use of system variable name 

ERROR 3 Unrecognizable string 

ERROR 4 Illegal use of Z. Alphanumeric DARE III 
variable names may not contain the letter Z. 

ERROR 5 No endpro statement 

ERROR 6 Illegal use of integer name 

ERROR 7 Illegal proceed statement 

ERROR 8 Improper table/look-up function 

Name of block containing error. 

Standard CDC Extended FORTRAN Message Line containing 

error. 

The line containing the error. 

The FORTRAN diagnostics associated with Extended 

FORTRAN are found in CONTROL DATA—FORTRAN Extended 

Reference Manual (Control Data Corporation, 1971b, pp. Bl-

B9) . 
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2*6.3 Loader Errors (Unsatisfied Externals) 

Any names which follow show names of user sub

routines or table-lookup functions which are missing from 

the run time simulation system. The problem is most likely 

a misspelled name, an undefined FORTRAN, or table-lookup 

block. 

2.6.4 Run-Time Errors--Compiler Errors 

Run-time compiler errors will occur only if the 

user has a OWN block that did not compile properly. The 

entire OWN block is returned in the normal CDC Extended 

FORTRAN format. 

2.6.5 Run-Time Errors--Mode Exits 

A result with an exponent so large that it exceeds 

the upper limit of octal 3777 is treated as an infinite 

quantity. Use of either infinity or zero as operands may 

produce an indefinite result. An exponent of 1777 and a 

zero coefficient is packed in this case. Using either an 

indefinite or infinite quantity results in one of the exit 

mode conditions shown in Table 2.11. 

The 60-bit floating-point format is shown below. 

The binary point is considered to be to the right of the 

coefficient, thereby providing a 48-bit integer coefficient, 

the equivalent of about l4 decimal digits. The sign of the 

coefficient is carried in the highest order bit of the 

packed word. Negative numbers are represented in one's 
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Exit Mode Condition 

1 Address out of range—An attempt was made to 
reference Central memory outside the estab
lished limits. 

2 Operand out of range--The floating point 
arithmetic unit received an infinite operand, 

4 Indefinite operand—The floating point 
arithmetic unit attempted to use an indefi
nite operand. 

complement notation. The 11-bit exponent carries a bias of 

2"*"^ (2000 g) when packed in the floating point word (biased 

exponent sometimes referred to as characteristic). The 

bias is removed when the word is unpacked for computation 

and restored when a word is packed into floating format. 

Coefficient Biased Integer 
Sign Exponent Coefficient 

11 48 \\ 

59 58 48 47 0 
Binary-
Point 

The packing scheme will sometimes result in the 

3777 and the 1777 exponents being packed as 4000 and 6000, 

respectively. Thus the special forms (in octal) are: 

3777X...X (+»)) 

(-»)) 
infinite operands 

4000X...X 
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1777X...X (+IND)| 
/ indefinite operands 

6000X...X (-IND)) 

Exit mode tests for infinite and indefinite 

operands are made only in the floating add, multiply, and 

divide units. No error exit occurs when an infinite or 

indefinite result is generated. The exit occurs only when 

an attempt is made to use the indefinite or infinite 

quantity. 

These special forms can be generated in any of the 

following ways (Table 2.12): 

Table 2.12. Indefinite Forms 

Operation Result 

CD — CO INDEFINITE 
CO + CO INDEFINITE 
00 0 0 INDEFINITE 
0 + 0 INDEFINITE 
INDEFINITE+,-,+,0(X) INDEFINITE 
00 + 00 00 

00 0 00 00 

00 + 0 00 

00 + N 00 

00 + N 00 

CO - N 00 

N + 0 00 

0 + 00 0 
0 0 0 0 
0 + N 0 
N + CO 0 

Where: 00 = infinity, N = integer, X = 00, N, or 0. 



2.6.6 DARE III Run-Time Error Messages 

If an exit mode is detected by the DARE III system, 

the 6400 exchange-jump package and word RA is returned to 

the user. The exchange package is a picture of the status 

of the registers at the time of the exit condition. RA 

contains the exit mode information as shown below: 

59 5^53 48 47 30 29 0 

0 -X X X 0-

1 1 ir  T 
STOP EXIT P ZEROS 

P = C(PROGRAM COUNTER) + 1; AT TIME OF ERROR EXIT 

In addition, the load map for the DARE III-6400 

system is also returned along with a complete list of the 

variable names associated with each common block. 

One of the XI to X5 registers should show one of 

the above exit conditions that caused a mode 2 or 4 abort. 

The corresponding A register will show the relative octal 

address of central memory which contains this abort condi

tion. By using the load map and the variable name lists, 

the address in the A register can be associated with a 

variable name. 

A mode 1 error in the DARE III system is usually an 

unsatisfied external which is listed on the load map. 

Any error listings on the teletype can be stopped 

by pressing the INT key. Once stopped the remainder of the 

listing is no longer available to the user. 
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. All output data generated up to the exit are 

available after an abort. The DARE III output scheme can 

be used as described earlier. In addition any indefinite 

or infinite word encountered will be flagged on the tele

type as INDEF n or INFIN n, respectively. The number n is 

the octal location of the problem variable relative to the 

start of the current output list. 

For more detailed information on the 6k00 computer 
system please refer to the CONTROL DATA-6400/6500/6600 

Computer Systems Reference Manual (CDC, 1971c, Chapters 1, 

2, and 3) • 

2.6.7 Output Request Errors 

Any wrong formats in the output requests will be 

displayed on the CRT screen. Errors encountered by the 

DARE 111/6^00 output system while processing the request 

will be flagged on the teletype. Requests containing 

errors will not be honored. The types of errors and the 

corresponding diagnostic is shown in Table 2.13• 
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Table 2.13* Output Request Errors and Diagnostics 

Error Type Diagnostic 

ERROR 1 

ERROR 2 

ERROR 3 

ERROR k 

ERROR 5 

ERROR 6 

ERROR 7 

ERROR 8 

ERROR 9 

ERROR 10 

ERROR 11 

ERROR 12 

Unrecognizable request. 

Multiple use of STORE file, only TIME and 
SAVE or CROSS file may be STORED. 

Odd number of variable names appear in STORE 
request. 

Name not in output list. 

Multiple use of STOREd variable name. 

Improper number in request; or SAVE file 
requested not found. 

Variable not found on requested SAVE file. 

Illegal PROBE request. 

Output list not consistent with data. 

No out of range or indefinite quantities 
found by PROBE request. 

No data in requested file. 

No match found to requested STORE file 
variable. 



CHAPTER 3 

THE DARE III STATEMENTS AND USER BLOCKS 

DARE III provides all the routines needed to 

formulate and run a single simulation run. Moreover, more 

complex problem control of iterative optimization, statis

tics, cross plots, etc., is possible by the use of a 

FORTRAN control program in the LOGIC block. Table 3*1 

lists the various blocks into which portions of a DARE 

simulation-study program are entered. This chapter details 

the DARE III language used in the DERIVATIVE, LOGIC, 

FORTRAN, TABLE, and OWN blocks. 

Before proceeding to the specific blocks some 

general DARE III terms must be defined. 

3•1 DARE III Variables and Parameters 

Table 3«2 shows the six types of variables and 

parameters that are used in the DARE III system. The 

variables and parameters that have special, pre-assigned 

meaning in the DARE III system are shown in Tables 3«3 and 

3.4. The system variables and parameters may be used 

freely in formulating a simulation problem. The user is 

cautioned to exercise caution when modifying such variables 

as T, TMAX, and RUNNO. Any attempt to use the system 

variables and parameters as OUTPUT variables will be 

kl 
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Table 3«1» DARE III Block Names 

Name Use 

DERIVATIVE 1-2 

LOGIC 

FORTRAN 1-9 

TABLE 1-9 

OWN 

System differential equations. Used to 
describe the system to be simulated. 

FORTRAN control program for successive 
runs . 

FORTRAN subprograms. 

Table look-up function. 

User's own system subroutines (own 
integration method, own run system, 
etc . ) 

Table 3*2. DARE III Variables and Parameters 

Variable/Parameter Definition 

STATE VARIABLE 

DEFINED VARIABLE 

UNDEFINED VARIABLE 
or PARAMETER 

INPUT VARIABLE 
or PARAMETER 

OUTPUT VARIABLE 

SYSTEM VARIABLES 
and PARAMETERS 

Any valid REAL variable whose deriva
tive appears in a state equation. 

Any valid REAL variable that appears 
on the left side of a DARE III or 
PROCED equation. 

Any. valid REAL variable that appears 
only on the right side of a DARE III, 
STATE, or PROCED equation. 

The UNDEFINED parameters, the initial 
conditions of the STATE variables and 
any REAL variable which appears in a 
INPUT statement are INPUT parameters. 

The DEFINED variables, STATE varia
bles and any REAL variable which 
appears in an OUTPUT statement are 
output variables. 

See Tables 3*3 and 3*4. 
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Table 3»3» DARE III System Variables and Parameters 

Variable Name Use 

T 
RUNNO 

TMAX 

DT 

DTA* 

DTMAX 

DTMXA* 

DTMIN 

DTMNA* 

EMAX 

EMAXA * 

EM IN 

EMINA* 

TNEXT 

TALT* 

SYSV1-6* * 

Usually represents time run number (for 
repetitive runs). 

Upper bound on T. 

The integration step size. 

Alternate integration step size. 

Upper bound on DT. 

Upper bound on DTA. 

Lower bound on DT. 

Lower bound on DTA. 

Max error bound for variable step 
integration. 

Alternate error bound. 

Min error bound for variable step 
integration. 

Alternate error bound. 

User controlled communication interval. 

Alternate time (T). TALT is not reset to 
zero by the system. 

Available system variable. 

These are provided to allow completely 
independent control of the two derivative 
blocks. 

• * Replaces SWA, SWB, SWC in DARE I, 



Table J.k. DARE III System Constants 

Name Use 

NUNDEF Count of input parameters. 

N0RDER1 Count of state equations in derivative blk #1 

N0RDER2 Same as NORDER1 for blk #2. 

NDEF Count of defined variables. 

NIN Sum of NUNDEF, NORDER1, and N0RDER2. 

NOUT Sum of N0RDER1, N0RDER2, and NDEF. 

NPOINT Number of output pts. 

METHOD Method number. 

IBLK(12) Available for expansion. 

ZTRON Store on/off switch for time history file. 

ZAVEON Store on/off switch for save file. 

CROSSON Store on/off switch for cross file. 

TYPEFL Type of current output file returned to user. 

XPTS Float (NPOINT). 

COMINTR TMAX/(NPOINT-1). 



flagged as an error. The system constants are available 

only to the system programmer. 

3.2 DARE III Statements 

The three types of statements listed in Table 3«5 

are the basis of the DARE III simulation language. The 

state equations and the DARE III variable definition state

ments are used to describe the system under study. The 

FORTRAN statements are used to control the execution of a 

simulation study. All references to the FORTRAN language 

refer to CDC-6400 FORTRAN IV Extended (not DEC FORTRAN). 

All arithmetic operators are exactly the same as in 

FORTRAN. Only DARE statements and STATE equations are 

allowed in non-procedural sections of the Derivative 

blocks. No algebraic loops are allowed. 

Table 3«5« DARE III Statements 

Stat ement Definition 

STATE EQUATION Represents first order time differen
tiation of the state variables. The 
derivative must be the first variable 
in the statement and must be followed 
by an equal sign. 

DARE III VARIABLE 
DEFINITION 

A true equality in the same format as 
a FORTRAN statement. 

FORTRAN Any valid FORTRAN statement within the 
restrictions listed in Table 3*6. 



A derivative is represented by an apostrophe 

following the variable's name. Apostrophes may appear 

before the equal sign only. 

3•3 DARE III Line Format 

The line format of the DARE III statements is shown 

in Table 3«6. Note the various restrictions imposed on 

standard FORTRAN by the DARE III system. Any material not 

shown is assumed to be standard FORTRAN IV. 

As in FORTRAN, statements may start anywhere after 

column six. Depressing the TAB key with the cursor in 

columns one through six will move the cursor to column 

.seven, ready ..for .statement entry. Pressing the LINE key 

will move the cursor to column one of the next line ready 

for the next statement. Complete control of the cursor 

location is possible by use of the cursor control keys 

 ̂| —•> <r- located on the right side of the keyboard. 

Comments may be used liberally in all the blocks. The 

first character in a comment line must be the asterisk, *. 

Any line other than a comment line may be continued by a 

$ symbol in column six. To provide more room for data 

entry on each line in the Table data blocks the $ symbol 

must appear in column one followed by the data starting in 

column two. 



47 

Table 3*6. Properties of DARE III Statements 

Name Use 

STATEMENTS 

CONTINUATION 

Statements comprising the DARE 
III program are typed in 
columns 7-^0*. 

Any statement may be continued 
on as many as 19 successive 
lines, each denoted by a $ in 
column 6. 

COMMENT Comment information is desig
nated by a * in column 1 of a 
statement. 

STATEMENT IDENTIFIER Any number up to five digits 
in columns 1 thru 5 of a 
statement. 

INPUT PARAMETERS 
OUTPUT VARIABLES 

PARAMETERS and VARIABLES 

INPUT parameters and OUTPUT 
variables may be 1 to 5 alpha
numeric characters. The first 
character must be alphabetic 
and may not be I, J, K, L, M, 
or N. The letter Z is not 
allowed. The restriction of 5 
characters is imposed by the 
PDP-9 input/output routines. 

All parameters and variables 
which are not INPUT parameters 
or OUTPUT variables may be 1 
to 7 alphanumeric characters. 
The first character must be 
alphabetic. The letter Z is 
not allowed. 

COMPLEX, DOUBLE-PRECISION Not allowed. 
HOLLERITH, OCTAL 
PARAMETERS and VARIABLES 

TYPE DECLARATIONS Only LOGICAL type declarations 
are allowed and may appear 
freely throughout the LOGIC 
and DERIVATIVE blocks. 
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Table 3 »6.--Continued Properties of DARE III Statements 

Name Use 

SUBSCRIPTED VARIABLES No subscripted variables are 
allowed in non-procedural 
sections of the DERIVATIVE 
blocks. 

COMMON STATEMENT Any parameter or variable 
which is not a INPUT, OUTPUT, 
or SYSTEM variable as parameter 
may appear in a FORTRAN COMMON 
statement. 

DERIVATIVE SYMBOL 

FUNCTIONS and SUBROUTINES 

The apostrophe is reserved to 
denote first order time dif
ferentiation of immediately 
preceding variable. The 
apostrophe may appear only in 
STATE equations. 

DOUBLE, COMPLEX, and DOUBLE 
PRECISION FUNCTIONS are not 
allowed. 

I/O FORMATS All input and output is 
handled by the DARE III 
system. No other I/O control 
or tape handling statements 
are necessary. The only I/O 
statement allowed is the stand
ard FORTRAN WRITE(6,n) state
ment. The WRITE statement can 
appear in the Logic block, the 
PROCED sections, the FORTRAN 
blocks, and the OWN block. 
Only logical unit number six 
is allowed in the WRITE state
ment. The FORMAT statement, 
n, must be supplied by the 
user. All information written 
by any FORTRAN WRITE(6,n) 
statement will be printed on 
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Table 3«6.—Continued Properties of DARE III Statements 

Name Use 

the teletype at the end of 
each simulation study. The 
WRITE statement should 
normally be used only for pro
viding debugging information 
of long and complicated 
problems. 

•Pressing the TAB key on the keyboard with the 
cursor anywhere in columns one thru six will move the 
cursor to column seven ready for statement input. The CRT 
screen is only 40 columns wide. 
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3-4 DARE III Library Function. 

The DARE III system contains a library consisting 

of all the CDC FORTRAN IV single precision, REAL functions 

and a number of special, simulation oriented functions and 

subroutines. The library routines are listed in Tables 3«7 

and 3.8. Additional functions can be developed and added 

as needed. Table 3*7 is a list of the standard FORTRAN 

functions available on the 6400 which may be used in the 

DARE III system. Table J.8 lists the special DARE III 

simulation routines. 

3.5 The Blocks 

The complete DARE III program, including both 

standard FORTRAN and special DARE III statements and 

functions, is written in the format outlined above. The 

entire DARE III program is written in one of the blocks 

shown in Table 3*1* Each of these blocks serves a 

specific function in the simulation program. The state

ments which may appear in the various blocks are outlined 

below. 

3 . 5 .I Derivative Block 

These two blocks are used to describe the system 

under study. The block contains statements of the form: 

1. STATE equation in the form: 

NAME' = expression 



Table 3*7« DARE III/6400 Library Routines 

Intrinsic Function Symbolic Type of 
8c No. of Arguments Definition Name Argument Function 

Absolute value 1 a | ABS Real Real 
(1) LABS Integer Integer 

Truncation Sign of a times AINT Real Real 
(1) largest integer 

s | a | INT Real Integer 
Remaindering (2) AMOD Real Real 

MOD Integer Integer 
Choosing largest Max (a1 ,a» , .. .) AMAXO Integer Real 
value (>2) 

AMAXI Real Real 
MAXO Integer Integer 
MAX1 Real Integer 

Choosing smallest Min (a, ,a0 , . ..) AMINO Integer Real 
value (>2) JL u 

AMINI Real Real 
MINO Integer Integer 
MINI Real Integer 

Float (1) . Conversion from FLOAT Integer Real 
integer to real 

Fix (1) Conversion from IF IX Real Integer 
real to integer 

Transfer of sign (2) Sign of a 2 times 
1 a 1 

SIGN Real Real 

Positive difference (2) 

1 1 
ISIGN Integer Integer 

Positive difference (2) an - Min(a.. ,a_) DIM Real Real 
X X. ct IDIM Integer Integer 



Table 3 «7«--Continued DARE III/6400 Library Routines 

Intrinsic Function 
& No. of Arguments Definition 

Symbolic Type of 
Name Argument Function 

Shift (2) 

Logical product (2) 
Logical sum (2) 
Complement (l) 
Exponential (l) 
Natural logarithm (l) 
Common logarithm (l) 
Trigonometric sine (l) 
Trigonometric cosine (l) 
Hyperbolie tangent (l) 
Square root (l) 
Arctangent (l) 

(a) 
Arccosine (l) 
Arcsine (l) 
Trigonometric tangent (l) 
Random number generator 

(1) 
Address of argument a (l) 
Obtain current generative 
value of RANF between 0 
and 1 (1) 

Shift by a2 bit 
positions: 
left circular if a^ 
is positive; right 
with sign extension 
if is negative 

SHIFT al! 

a2: 

Single 
word 
Integer 

Octal 

al " a2 AND Single word Octal 
al v a2 OR Single word Octal 
a COMPL Single word Octal 
ea EXP Real Real 
Loge(a) ALOG Real Real 
loSiO (a) AL0G10 Real Real 
sin (a) SIN Real Real 
cos (a) COS Real Real 
tanh ,(a) TANH Real Real 
(a)1/2 SQRT Real Real 
arctan (a) ATAN Real Real 
arctan (a-^/a2^ ATAN2 Real Real 
arcos (a) ACOS Real Real 
arcsin (a) AS IN Real Real 
tan (a) TAN Real Real 
ranf (a) RANF Dummy Real 

loc (a) LOCF Symbolic Integer 
ranget (a) RANGET Symbolic 

vji 
to 



Table 3*7*—Continued DARE III/64tOO Library Routines 

Intrinsic Function 
8c No. of Arguments Definition 

Symbolic Type of 
Name Argument Function 

Initialize generative 
value of RANF (l) 

ranset (a), the 
generic value is 
set to the 
odd number 

nearest 
> a 

RANSET Real 

Variable characteristic 
(1) 

-1 = indefinite 
+1 = out of range 
0 = Normal 

LEGVAR Real Integer 



Table 3»8« DARE III Library Routines 

5^ 

Routine Definition 

Y = DXONE(X,A,B) 

Y = COMPR(X) 

Y = 

Y = 

Y = 

DEADX(X,A,B) 

SATAM(X,A,B) 

SAMPL(X,S) 

Y = HOLD(X,N,S) 

Y = FOTF(V,A,N,X) 

Y = 0. if A < X < B 
Y = 1. if X > B 
Y = -l. if X < A 

Y = 0. if X = 0. 
Y = 1. if X > 0. 
Y = -1. if X < 0. 

Y = 0. if A < X < B 
Y = X - B if X > B 
Y = X - A if X < A 

Y = A if X < A 
Y = B if X > B 
Y = X if A < X < B 

Y = X/DT if S < T < S + DT 
(approximates an impulse of 
area -X) 

Y = 0. otherwise 

Y = X if T < S 
Y = constant = value of X when 
S = T if T > S 

N = INTEGER constant between 1 and 
100 which must be different each 
time this function is used in the 
same problem 

1 Lm = 
s + A 

(X) 

This is a first order transfer 
function with initial condition 
V on Y. N is an INTEGER constant 
between 1 and 100 which must be 
different each time this function 
is used in the same problem. 



Table 3 »8»--Continued 
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Y = SOTF(V,Q,D,Q,N,X) I<Y> = -J 2 J (X) 
s + 2DWs + vr 

This is a second order transfer 
function with initial conditions 
V and Q. V is the initial value 
of Y, and Q is the initial slope 
of Y. N is an INTEGER constant 
between 1 and 100 which must be 
different each time this function 
is used in the same problem. 
X is assumed to be constant and 
equal t o  X ^ , for all T  < 0 .  

All values are REAL unless indicated otherwise 
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2. DARE III variable definition in the form: 

NAME = expression 

3. PROCED statement of the form: 

PROCED A, B = X, Y, 

A PROCED statement indicates the start of a 

procedural section. Any valid FORTRAN statement 

may be written in a procedural section. The entire 

procedural section will be sorted as if it were a 

single statement. 

k. A ENDPRO statement indicates the end of the current 

procedural section 

5« TERMINATE statement of the form: 

TERMINATE expression. 

The current run will be terminated if the expres

sion is zero or negative. 

6. A LOGICAL type declaration. 

The computational order of non-procedural state

ments in either of the Derivative blocks is irrelevant. 

The DARE III translator will sort the equations into 

correct computational order. Algebraic loops and FORTRAN 

replacement statements are not allowed in non-procedural 

sections of either Derivative block. Scaling is not 

required, either, since DARE III employs the standard 

CDC-6000 Series floating-point arithmetic. For simple 
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'problems only the first Derivative block is needed to 

define a problem. 

3.5.2 LOGIC Block 

The LOGIC block is the optional simulation control 

block. The system will simply execute one RUN if the LOGIC 

block is missing. 

the LOGIC block is written mainly in FORTRAN. The 

following non-FORTRAN statements may also appear in the 

LOGIC block: 

1. INPUT list 

All parameters listed become input parameters. 

2. OUTPUT list 

All variables listed become output parameters. 

3. CALL RUN 

Calls for one complete simulation run. Except for 

the first RUN initial conditions are not reset at 

the start of each RUN. T is always reset. Previ

ous time histories, if any, are destroyed. 

k. CALL RESET 

Resets the state variables and input parameters to 

the initial values supplied by the user. Note: 

All variables retain the values that they had at 

the end of the previous simulation run. 



5. CALL STORE 

The current value of each output variable is 

recorded each time a CALL STORE is encountered. 

6. CALL SAVE (list) 

The complete time history of a simulation run for a 

user-determined subset of the output variables is 

recorded each time a CALL SAVE has been encountered. 

A CALL SAVE statement initializes the next avail

able SAVE file, which is written onto during the 

next simulation run. Previous SAVE files, up to 

25 for 60 variables, are preserved. Fifty SAVE 

files are available if only 30 variables appear in 

the list; 100 if only 15; etc. 

7. CALL STROF 

Suppresses time history data storage during a 

simulation run. 

8. CALL STRON 

Enables time history data storage beginning with 

the next RUN. Default is STRON. 

For a single simulation run the LOGIC block is not required. 

3.5.3 FORTRAN and Table Look-Up Function Blocks 

DARE III may contain up to 9 complete user FORTRAN 

subprograms or functions written in FORTRAN blocks 1 

through 9• " 
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Except for the addition of a start mark followed 

by the name of the subroutine no changes or additions are 

made to the FORTRAN blocks by the pre-compiler. (The start 

mark is necessary in order to return any error lines within 

a subroutine to the user.) The use of the start mark 

places the following restriction on the user. 

1. The entry point statement, up to the parameter 

list, must be on the first line. 

Table Look-Up Function blocks one through nine are 

used to define functions by a set of coordinate values. The 

independent variable values need not be uniformly spaced. 

One and two ̂ dimensional functions may be defined, one 

function per block. The name of the block and the size of 

each dimension must appear on the first line within each 

block. Table names containing the letter Z are not 

allowed. The lines in the Table look-up block may be 

continued with a $ symbol in column one only. Examples of 

Table look-up function blocks are shown in Figures 3»1 and 

3.2. 

3.5.4 OWN Block 

The purpose of the OWN block is to enable the user 

to add or bypass any DARE III system routine. The OWN 

block is a standard FORTRAN IV subroutine and is compiled 

at RUN time. The OWN block is the first file loaded on the 

6400 at RUN time, and must therefore contain the full. 



* TABLE BLOCK NO. 1: 

ABC, 10 
0.0, 2.3 
2.2, 0.0 
3-0, -0.25 
4.0, -0. 4 
5-0, -1.0 
6.1, 0.0 
7.2, 1.2 
8.0, 2.7 
9.0, 4.0 
10.0, 4.9 

Figure 3«1« Example of a One-Dimensional Table Look-Up 
Function 

* TABLE BLOCK NO. 2: 

XYY, 6,6 
0 . 0 ,  1 . 1 ,  2 . 1 ,  3 . 0 ,  3 . 6 ,  4.0 

0.0, 1 . 0 ,  2 . 0 ,  2-5, 2 . 6  ,  2.4, 2 . 0  
1 . 0 ,  1.55, 2 . 2 1  ,  2 . 6  ,  3 . 0 ,  3 . 3 ,  3.0 
2 . 0 ,  2 . 0 ,  3.0, 3.2, 3 . 4 ,  3 . 4 ,  3 . 1  
3.0, 3.1, 3.32, 3 . 5 1 ,  3 . 6 ,  3 . 7 3 ,  3 . 2 1  
4.0, 3.0, 3.2, 3 . 2 2 ,  3 . 3 1 ,  3 . 4 ,  3 . 3 3  
5.0, 2 . 8 ,  3.0, 3 . 2 ,  3 . 1 2 ,  3.0, 2 . 9  

Figure 3*2. Example of a Two-Dimensional Table Look-Up 
Function 
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dimensions of all the labeled COMMON blocks referenced in 

the subprogram. Any number of subroutines may appear in 

the OWN block. 



CHAPTER 4 

SOME EXAMPLE PROBLEMS 

This chapter contains three very simple sample 

problems which demonstrate the flexibility of the DARE III 

system. The problems were selected to be simple enough to 

be shown in this paper without involving the reader in 

pages and pages of problem statements. A somewhat longer 

problem is shown in Appendix G. 

The values shown, on the various plots in this 

chapter were obtained from the alphanumeric CRT screen. 

The execution, compilation, and translation time estimates 

given in this chapter refer to the CDC central processor 

unit (CPU) times obtained from the job dayfile. The time 

estimates given for problem compilation include the time 

required to load the FTN FORTRAN compiler. 

4.1 Van der Pol's Differential Equation 

Clearly this problem is not the type of problem for 

which a 6400 is needed; this example was chosen solely to 

demonstrate the ability of the DARE III system to solve 

simple user problems using a minimum of input coding. The 

problem selected for this example is Van der Pol's Differ

ential Equation: 
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X" - u(l-X2)X« + X = o 

A complete listing of the program written to solve 

this problem is shown in Figure 4.1. The two statements 

contained in the Derivative block are the first order dif

ferential equations which describe the system. The data 

entered from the keyboard are also shown in Figure 4.1. 

The display request entered before the simulation 

run was: 

DISPLAY (TIME) X,Y 
t 

Figure 4.2 is a plot of the display which appeared on the 

XY screen after the simulation run was completed. The 

results shown in Figures 4.2, 4.3, and 4.4 were obtained 

by typing: 

PLOT (TIME) X,Y 

CHART (TIME) X, Y 

PRINT (TIME, LP, 1.) X, Y. 

The last request required an additional PDP-9/6400 linkage. 

The run time for this problem was approximately 

2.62 CPU seconds with DT=0.01 and TMAX=20.0. When DT was 

increased to 0.1 the run time was reduced to about I.87 CPU 

seconds (TMAX remained unchanged). Approximately 1.35 CPU 

seconds were required to translate and compile the problem. 



» DERIVATIVE BLOCK NO, IS 

it 
•tt 

» VAN OE* POL1S DIFFERENTIAL 
*  EQUATION 
•» 

Vr 
*  NOTE THE USE OF THE 
*  APOSTROPHE TO DENOTE 
«• FIH?ST ORTOER DIFFERENTIATION 
*  VV 1TH RESPECT TO TI-E 

XT' = X2 
X?« = U*(li-X1*X1)*A2 - XI 

•» 

•» 

*  NOTE THE USE OF 
«• ...COMMENT LINES 

«• 

& 

« DATA! 

TMAX = ?{) ,  0 
OT = .01 
XI  = 1 
X? = 
U = 2 

Figure 4.1. DARE III Problem Listing for Simple Van der 
Pol's Equation 
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XI 

F.S 

X2 

F.S 

Figure 4.2. Plot- of Example 1 



Figure Strip Chart Plot for Example 1 



DARE III DATA LISTING 
TTME XI X2 

0. 1.0000000 0. 
1.0600000 .35992716 -1.4943165 
2.1100000 -1.9403369 -.23766143 
3.1600000 -1.6568608 .42339066 
4.2200000 -1.0446437 .84421662 
5.2700000 1.1583973 3.7107825 
6.3200000 1.9041403 -.32956877 
7.3700000 1.4738035 -.51099285 
8.4300000 .61347923 -1.4356676 
9.4*00000 -1.9865390 -.50980609 
10.S30000 -1.7625311 .38541115 
11.580000 -1.2454620 .66055863 
12.640000 .22721167 3.0527068 
13.690000 1.9818419 -.25565966 
14.740000 1.5982459 -.45018398 
15.790000 .93122309 -.97342826 
16.850000 -1.6023191 -2.7041143 
17.900000 -1.8581153 .35031375 
18.950000 -1.4020020 .55215638 
20.000000 -.41244134 1.7953052 

Figure 4.4. 6400 Line Printer Listing 
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4.2 Simple Parameter Optimization 

This example, again a very simple one, illustrates 

the use of the Logic block to control the solution of a. 

simple two-point boundary value problem. The values of the 

initial slope and the final amplitude of a damped sine wave 

are known. It is desired to determine the initial ampli

tude which will satisfy the known constraints. The problem 

listing is shown in Figure 4.5* The defining equations, 

also shown in the derivative block, are: 

XI 1 =W*X2 

X2'=-W*X1+D* X2 

As shown in the Logic block, an estimate of the 

initial amplitude, XI, to try is obtained by making two 

dE 
runs in order to estimate the derivative , where E is 

the error function. The use of the CALL SAVE statement 

demonstrates the ability to save selected run-time 

histories for later reference. 

The pre-run-time display selected was: 

DISPLAY(TIME) XI, X2, T 

Figure 4.6 is a plot of the display returned to the XY 

screen at the end of the simulation study. Figures 4.6 and 

4.7 were obtained by typing, respectively: 

PLOT(TIME) XI,X2,T 

PLOT(SAVE, 4) XI,X2,T 
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» DERIVATIVE BLOCK NO. 1:  

ft 
ft 
«•  SIMPLE PARAME TER 
#  OPT 1M I  ZAT 1  Orvi  
ft 
ft 

XL » = ,V « X2 
X?»= — v. I *X 1 + 

ft 

*  LOGIC BLOCK: 
*  SX = OPTIMIZE* STEP SIZE 
» SX = OPTIMIZER STEM SIZE 
«•  G  =  OPTIMIZER GAIN 
f t  <j  =  MAAl f r . lM ERROR 
*  V-AL =  -UtnWED.  -VAL AT T =  TMAA 

INPUT SX«G»G»VAL 
CALL STROF 

2 XI  OLD = XI  
CALL "ij'v 
E-OLD = (XI  -VAL )  
CALL RESET 

ft 
ft 
*  MOTE THE USE OF CALL RESET AFTER 

TriE FINAL VALUES HAVE BEEN USED 
« OP STORED FOR LATER REFERENCE 
ft 
ft 
*  NOTE THAT XI i s  ALIEPEO AFTER 
*  CALL RESET AS DESIRED 

XI  = XIOLO •  SX 
C\LL RUM 
E-.J =  (XI  -  VAL)**2 
IF(AAS(ER).LT.J)  GO TO 3 
CALL RESET 
XI  = X1 OLD -  (<EW -  EROLL))  /SX) # G 

Figure 4.5» DARE III Problem Listing for Simple Parameter 
Optimization 



GO TO <  
CALL STRON 
CALL WESf .T  
XI  =  XIOL.  D 
CALL WON 

«• DATA: 

T MAX = V.O 
DT = .0? 
W = 1 
t) = - 1 
SX = .  1 
0 = .001 . 
G = i 
V4 L = 1 

Figure k.5»--Continued 
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X2 

TIME 

F.S 

TMAX 3-0 

XI 

Figure 4.6. Plot of Example 2 
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X2 

TIME 

F.S. for X2 

F.S. for XI 

TMAX = 3 

XI 

Figure 4.7• Plot of One SAVED Run History 
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Figure 4.7 required an additional PDP-9/6400 data retrieval 

run. 

With DT=0.03 and TMAX=3«0, 7*69 CPU seconds were 

required to obtain the desired solution. The problem 

required 1.59 CPU seconds to translate and compile. 

4.3 Pilot E.jection Problem 

The CSSL bench mark pilot ejection problem was 

chosen as the last example to allow the reader a convenient 

and useful comparison between DARE III and the other CSSL 

type simulation systems. 

This problem demonstrates the use of a PROCED 

section to make a logical decision, the use of a TERMINATE 

statement to end each run as soon as the desired informa

tion has been obtained, and the ability of the DARE III 

system to store cross-plot data. 

The coding for this problem is shorn in Figure 4.8. 

The problem here is to determine what seat ejection veloc

ity, as a function of altitude is required in order for the 

pilot to safely miss the airplane's vertical stabilizer. A 

one-dimensional Table, Look-up Function is used to define 

the atmosphere's density vs. altitude curve. The CALL 

STORE statement is used to obtain the cross plots. 

The pre-run-tirae display selected was: 

DISPLAY(CROSS) H,VA 
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Figure 4.8. DARE III Listing of Pilot Ejection Problem 
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Figure 4.8.--Continued 
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A plot of the results returned to the XY screen at the end 

of the study is shown in Figure 4.9« 

With a DT of 0.05, 7*17 CPU seconds were required 

to obtain a solution. Reducing DT to 0.1 increased the 

time to 4.33 CPU seconds. The time required to translate 

and compile the study was 2.k2 CPU seconds. 
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max 

SAFE 

UNSAFE 

— 

1024 VAS max 

Figure 4.9« Plot of Results for Pilot Ejection Problem 



CHAPTER 5 

SUMMARY AND SUGGESTIONS FOR FURTHER DEVELOPMENT 

We at CSRL believe that the success of the DARE 

simulation systems has conclusively proved the feasibility 

and advantages of all-digital on-line simulation. In our 

experience, most of the users seem to prefer the equation-

oriented, scale factor free floating-point system. The 

added advantage in DARE III of the convenience of an 

interactive input output terminal and the full power of a 

large and sophisticated simulation system should prove to 

be of considerable value. 

The current DARE III system operates on a l6K PDP-9 

local terminal and allows approximately 600 full kO-

character lines in each problem-definition block. The 

number of lines is limited by the space available in core 

after the monitor and CRT editor have been loaded. A 

smaller 8K" minicomputer could be used if only one page of 

the disk file being edited were in core at any given time. 

A few scratchpad pages in core would enable the editor to 

move the lines within a page around without having to 

manipulate the entire disk file. With this modification a 

12- or l6-bit, 8K machine with a small disk should be able 

to handle a rather large simulation system. A 200^ K word 
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disk should be sufficient. The present DARE III system 

prbgrams use approximately 64^q K words of disk storage. 

The most time-consuming part of DARE III has proved 

to be obtaining access to a SCOPE control point (problem 

execution). Delays of more than 15 minutes have been 

common when the 6400 has been busy. Moreover, a DARE III 

simulation run requires at least two such accesses: once 

to submit the program and once to enter parameters and 

execute the simulation study. Additional accesses are 

required if extra solution displays are requested or if any 

mistakes are made. One possible alternative could be to 

submit the users program, input parameters, and initial 

conditions to the central computer in a single access. One 

would also like to retain the very convenient data-entry 

methods available in the present DARE systems. 

Both of these highly desirable features could be 

obtained if the precompiling (translating) were done on the 

local minicomputer. The local precompiler would find the 

names of all the variables defined by the user. The input 

parameters and state variables could then be flashed on the 

screen as in the present DARE systems. The precompiled 

equations, the variable names, and the input data would 

then be sent all together to the central computer when the 

user has finished entering the requested data. A small 

central-processor program would first combine the pre

compiled equations and the variable names into CDC FORTRAN 
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IV subroutines. (Transmission of the complete subroutines 

from the local terminal would involve retransmission of 

redundant information.) Compilation and execution of the 

problem would still be handled by the central processor. 

Additional runs could be made without recompiling by 

sending a control-card-image string using the binary ver

sion of the user's system already at the central site. 

Another inconvenience in developing DARE III has 

been the lack of a fast line printer at the local terminal, 

with as many characters per line as the time sharing service 

expects to find. All DARE III information returned has had 

to be reformated for the limited tabulation devices avail

able at the remote site. Debugging DARE III/6400 system 

programs from the PDP-9 terminal has been impossible 

because the execution dumps, and the compiler and assembler 

listing all use the full l4t0 characters per line on the 

line printer. 

The various local alphanumeric, graphic, and hard 

copy output, on the other hand, have proved to be quite 

useful both in problem preparation and debugging and in 

report preparation. However, one would like to minimize 

the equipment committed to each local time-sharing station. 

A minimal display facility might consist of just a simple 

alphanumeric display screen with dedicated refresh memory, 

a storage tube screen, a keyboard, and a line printer. The 

problem could then be edited just as in DARE III. The data 
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returned from a simulation run could be displayed on the 

screen and the names, scale factors, etc., associated with 

the data could be printed on the line printer or displayed 

on the alphanumeric screen as in DARE III. The line 

printer could also be used to plot graphs as well as to 

list tabulated data. Formal plots, graphs, and stripchart 

recordings could be obtained by using the computer center's 

plotting facilities, such as the University Computer 

Center's CALCOMP plotter. Using the UCC's CALCOMP plotter 

would eliminate the need for transmitting the data over the 

slow telephone line and would also allow considerably 

larger (more points) output arrays to be plotted than is 

currently available in DARE III. The possibility of using 

a single alphanumeric/display screen and the line printer 

could also be considered. 

The minimal total equipment allocation at the 

remote site could then be reduced to just an 8K mini

computer, an alphanumeric/graphic display, a keyboard, and 

a line printer. The cost of such a terminal, not including 

interfaces and software, would be in the $25,000 to $35,000 

price range. For example, minicomputers such as the DEC 

PDP-8/e currently cost approximately $7,500, with 8K of 

core memory. A 83IK word disk sells for about $13,000. A 

graphic storage oscilloscope can be purchased for just 

under $3,000. An alphanumeric CRT teletype-replacement 

terminal costs approximately $3,000. An electrostatic line 
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printer/plotter that prints 300 lines per minute, 80 

characters per line sells for $5,500. Alternate, less 

sophisticated equipment could be used as financial limita

tions dictate. 

As in any interactive computing system, anyone 

engaged in on-line digital simulation can spend a good 

deal of time cogitating, interpreting, and perhaps dis

cussing intermediate results. Therefore it should be 

possible to provide several CRT terminals as described 

above at one minicomputer remote station. Also, perhaps 

a card reader/line printer I/O remote-batch station could 

operate as a background program while the simulation users 

are busy thinking. The DARE system would always have 

priority over the batch portion of the terminal. One 

could also think of providing each CRT keyboard setup with 

a separate small disk for the user's program and data. The 

different system programs would then be rolled in from the 

local terminal's main disk as needed by the various users. 

In such a system the cost could be reduced below $10,000 

for each user terminal. 

A batch mode (card input) version of DARE III 

currently being developed at CSRL by A. Trevor should 

interest the potential user who does not have access to an 

interactive terminal. The batch system,. DARE IIIB, will 

provide the user all the powerful simulation features of 

the DARE I/III system. Text and data input will be format 
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free. Output data will be available in the form of line 

printer tabulation lists, line printer plots, and CALCOMP 

plots. DARE III and DARE IIIB will be compatible so that, 

for example, initial debugging of the problem can be done 

on an interactive terminal and production runs can be made 

in batch mode. 



APPENDIX A 

REQUESTING THE DARE III SYSTEM AND 
SCRATCH MAGNETIC TAPES 

Each installation has, no doubt, different ways of 

handling magnetic-tape requests. The University of Arizona 

uses pink tape request cards which contain the program 

name, number of tapes, the magnetic tape file name, and the 

ring status. The "pink card" required by the DARE III 

system can be called in to the console operator at the 

number listed on the data phone. The information for the 

tape request is: 

DARE3, D3TAPE, 6l40, RO, MYTAPE, 5996, RI. 

The user should indicate to the operator the approximate 

length of time that the user will be on the terminal. 
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APPENDIX B 

DARE III INTEGRATION ROUTINES 
(Wait, 1969) 

There are currently four integration routines 

available for use in the DARE III System. The DARE III 

integration routines are the same FORTRAN routines used in 

DARE I (Goltz, 1970)• The common-block variables were 

changed to fit the DARE III format, and all variables 

listed as double precision in DARE I were changed to 

single-precision on the 6400. 

The brief description of each routine found in 

Appendix B of DARE I (Goltz, 1970) is also included here. 

Method 1: Four-point Runge-Kutta 

Method 1 is a conventional fixed step four-point 

Runge-Kutta rule, with the algorithm 

Y(T + DT) = Y(T) + ̂  (K1 + 2Kg + 2K+ 2K^) 

nT 
where K = GN Y(T),T • 

HT HT 
K2 = GN Y(T) + K1, T + 

HT 
K3 = GN Y(T) + Kg, T + •— t DT 

= GN Y(T) + K^, T + DT • DT 
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Method 2; Transfer Function 

Method 2 is not strictly an integration routine but 

is intended for use with problems defined using only linear 

transfer functions (FOTF and SOTF), or with problems which 

do not require integration. It simply evaluates the 

derivative block equations once every integration interval. 

Method 3- Two-point Runge-Kutta 

Method 3 is a two-point Runge Kutta algorithm with 

fixed step size. This rule is often called improved Euler 

or Heun's method (McCracken and Dorn, 1964). The algorithm 

is (scalar case): 

-Y(T + DT) = Y(T) + (K^ + Kg) 

where = GN Y(T),T • DT 

K = GN Y(T) + K ,T+DT • DT 
6 JL 

An integer variable counter is used to calculate the value 

of the independent variable. This approach reduces the 

round-off error to a minimum. 

Method k: Runge-Kutta Merson 

Method k uses the Runge-Kutta Merson rule which 

permits calculation of a truncation error estimate, at the 

expense of a fifth derivative call, thus a veriable step 

size strategy is available (Merson, 1957)* The integration 

algorithm is 
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DT) = Y(T) + i (Kx + kKk + K?) 

GN Y(T), T 

GN Y(T) + T + yL 

^1 ^ K2 
GN Y(T) + T + y-

GN Y(T) + -|K1 + §K3, T+|31 

GN Y(T) + | K + 6 K4, T + DT 

The truncation error estimate is 

ERROR = 0.2 Kn - 2. K_ + 4K. - 0.5 K_ 
J- * 1 1 ? 

The subroutine ZSTEP calculates the error estimate, and 

determines whether it is within the desired bounds. If 

SWA 1.0 

then an absolute error test is used on the state variable 

Y(FIX(SWA)) 

If SWA 1.0, then a relative error test is applied to all 

state variables. This is a modified relative error that 

approaches an absolute error for small values of the state 

variable, the quantity tested is 

rrrT rrm ERROR (I) RELERR - Y(I) + Y(I) + ± 

The logical variables A, B, C, and X result from various 

checks on step size and error to decide whether the step 

size should be halved, doubled, or left alone. 

Y(T + 

DT where = —— 

„ DT 
2 = 3~ 

„ DT 
3 = T 

K - DT 

4 - T 
K DT 

5 = T 
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Note that if accumulator switch 2 is up, then the 

current value of maximum error is output on CRT line l8. 

Any halving or doubling of DT is signalled on line 15 • If" 

DT = DTMIN, this fact is signalled on line l6. If the 

error exceeds EMAX when DT = DTMIN, the maximum value of 

YMAX is output on line 17* 

The program assumes default parameters for DTMIN, 

DTMAX, and EMIN as follows: 

DTMAX = COMINTR 

DTMIN = 0.0625 DTMAX . ._. . xf not specxfxed 

EMAX = .0001 by °Perator 

EMIN = 0.015625 EMAX 

where COMINTR = TMAX/N-1 

and N is the number of output points selected by the user 

at run-time. Logical variables D, E, and F assure that if 

the step size is halved, it will not be doubled on the next 

interaction, and vice versa. 

The programs are adapted from those written by E. 

Clish as a term paper project. 



APPENDIX C 

INSTRUCTIONS FOR ADDING INTEGRATION ROUTINES 

Each integration method used in the DARE III System 

must be in the following format: 

1. The subroutine name must be INTRGX and can have no 

arguments. 

2. The integration subroutine should be completely 

self-contained since the DARE III system loads only 

one binary record from the methods file. 

3« The subroutine must use the following labeled 

common blocks for communication with the rest of 

the system. 

a. /STATEl/ XI(100)--this block contains the state 

variables referenced in the first Derivative 

block. 

b. /STATE2/ X2(l00)--this block contains the state 

variables referenced in the second Derivative 

block. 

c. /DERIVl/ XZl(100)--this block contains the 

derivatives of the state variable in /STATEl/. 

d. /DERIV2/ XZ2(lOO)--this block contains the 

derivatives of the state variable in /STATE2/. 
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e. /SYSVAR/ T,RUNNO,TMAX,DT,DTA,DTMAX,DTMXA,DTMIN, 

DTMNA,EMAX,EMAXA,EMIN,EMINA,TNEXT,TALT, 

SYSV(35). 

f. /SYSCNST/ NUNDEF,NORDERl,N0RDER2,NDEF,NIN,NOUT, 

NPOINT,METHOD,IBLK(12),ZTRON,ZAVEON,ACTPTS, 

CROSSON,TYPFILE,POINTS,COMINTR,EXIT,SYSC(22) 

where ZTRON, ZAVEON, CROSSON, and EXIT are 

logical variables. 

k» All the above common blocks used in an integration 

subroutine must be dimensioned to the exact dimen

sions shown. 

5. Any information to be returned to the user can be 

written on logical unit number 6. 

The variables in /SYSVAR/ and /SYSCNST/ normally 

used by the integration method are: 

T = time 

DT = integration step size (may be changed by routine) 

DTMAX, DTMIN = maximum and minimum allowable values of 

DT for variable step routines 

EMAX, EMIN = maximum and minimum allowable error for 

variable step routines 

N0RDER1 = order of system (INTEGER) in Derivative block 

No. 1. 

N0RDER2 = order of system (INTEGER) in Derivative block 

No. 2. 
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SYSV = 35 common switch variables. Switch variables 

1 through 6 may be used for any other input needed. 

Alternate equivalent variables for completely 

independent control of the second Derivative block are also 

provided. The alternate variables are DTA, DTMXA, DTMNA, 

EMAXA, and EMINA. 

The subroutines containing the problem definition 

are DIFEQl and DIFEQ2 corresponding to the first and second 

Derivative blocks, respectively. The equations contained 

in these subroutines are evaluated once each time the sub

routine is called, thus updating the values of all the 

variables in /DERIVl/ and /DERIV2/, respectively. 

In running a solution, INTRGX is called repeatedly 

until T exceeds TMAX. Each time it is called, INTRGX 

should increase the value of T by DT and calculate the 

value of the state variables for the new T. All output and 

testing for completion is done by the calling program. The 

variable TNEXT may be referenced to determine when a 

communication (output) point is being approached. 

After a routine is written and debugged the METHODS 

file on the DARE III/6400 tape and the PDP-9 INOUT overlay 

must be updated. (The new method can initially be debugged 

by using the OWN block and by selecting integration 

m e t h o d  0 . )  
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The DARE III/6400 integration METHODS file is up

dated as described in Appendix D. The source version of 

all the integration methods is the input file to the FTN 

FORTRAN compiler. The method number of the new integration 

subroutine will be the same as the relative location of the 

new method in the source deck of the METHODS file. For 

example, the source version of method 5 would be added 

directly behind method 4 (no 789 cards). 

The .METH table in the INOUT overlay must also be 

modified to indicate which system parameter should be 

included in the input list when the integration method is 

used. The bit corresponding to a particular parameter 

should be a 1 if the parameter added to the list, a 0 if 

not. 

Bit 0 :  always = 1 (most significant bit) 

Bit 1: DTA 

Bit 2: DTMAX 

Bit 3: DTMXA 

Bit 4: DTMIN 

Bit 5: DTMNA 

Bit 6: EMAX 

Bit 7: EMIN 

Bit 8: EMAXA 

Bit 9: EMINA 

Bit 10: TNEXT 

Bit 11: TALT 
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Bit 12: SYSV1 

Bit 13: SYSV2 

Bit Ik: SYSV3 

Bit 15: SYSV4 

Bit 16: SYSV5 

Bit 17: SYSV6 

DT and. TMAX are always included in the list. 

The binary number generated according to this list 

should be inserted in location .METH + i where i is the 

number of the added integration method. Overlay INOUT on 

the DARE III/PDP-9 system tape must then be updated using 

the techniques described in Appendix E. 



APPENDIX D 

MODIFYING THE DARE III/6400 SYSTEM TAPE 

The DARE III/6400 system tape is eight sequential 

binary files each of which may contain several binary 

records. The DARE III tape can be updated using the 

standard SCOPE batch mode techniques. 

The new source version (cards) of the file to be up 

dated is assembled and/or compiled onto the L60 file using 

the FTN and COMPASS control cards. Next, all the DARE III 

system files located on the DARE III/6400 system tape befor 

the file which is to be updated are copied to a 

temporary file using the COPYBF control card. 

Next the LGO file is added to the temporary file 

using the COPYBF control card. (LGO must first be rewound. 

The old binary version of this updated file on the DARE III 

system tape is then skipped over using the SKIPF control 

card. Finally the remaining files on the DARE III system 

tape, if any, are added to the temporary file. 

The temporary file now contains the updated DARE 

III/6400 system which can be copied onto the DARE III/6400 

system tape. 
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APPENDIX E 

MODIFYING THE DARE III/PDP-9 SYSTEM TAPE 

The description which follows is an adaptation to 

DARE III of the instructions for modifying the DARE I 

system, found in Appendix D of DARE I (Goltz, 1970). 

All of the DARE III system programs required by the 

local terminal are on the system tape in dump mode (core 

image). Modifications to overlays 1 through 4 require 

editing the appropriate source version, reassembling and 

reloading the undated overlay. The DARE I monitor (Overlay 

0) is a .ABS program. It may be assembled and then placed 

directly onto the system tape using the Advance Software 

System program PATCH. 

In the following instructions it is assumed that 

the DARE III/PDP-9 system tape is mounted on DEC tape 

unit 0 with WRITE enabled and that the permanent DAT slot 

assignments are as follows: 

-15 DKA1 

- I k  DKA1 

-13 DKAI 

-12 TTA0 

-11 DKAI 

-10 PRB0 
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- 7 DKC0 

- 6 NONE 

- 5 NONE 

_ k DKCl 

- 3 TTA0 

- 2 TTA0 

- 1 DKC0 

1 DKA1 

2 CRA0 

3 CRA0 

4 TTA0 

5 TTA0 

6 PRA0 

7 PPA0 

10 DTA1 

The updated binary version of the DARE III monitor, 

D3M0N, is written on the system tape using the following 

commands: 

$ ASSIGN DT0 -14/DK1 -10 

8 PATCH 

> KM 9 

> READ D3M0N 

Overlays 1 through 4 are written on the system tape 

using the utility routine D1WRIT. This is a stand-alone 

routine, which dumps a core image onto DECtape. The 
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procedure is to first load the desired overlay into core 

using the linking loader, and then to load D1WRIT from 

paper tape. Set the address switches to 100, place the 

D1WRIT tape in the reader and press 1-0 RESET and READ IN. 

When loaded, D1WRIT will ask for data on the teletype as 

follows: 

CORE ADR. = 

SIZE = 

BLOCK NO. = 

After each equal sign the requested number should 

be typed. The core address and program size are determined 

from the loader memory map. The block number is determined 

from the .SYSPR table in the DARE III monitor. 

After the new version of a system program is placed 

on tape, the .SYSPR table in the monitor must be updated. 

Following is a description of the loading procedure 

for each overlay. 

^LOADER 

LOADER 

>D3EDTR (ALT-MOD) 

memory map 

^S 

After the loader types ̂ S, press PROGRAM STOP and 

load D1WRIT as described above. 



To load Overlay 2, type: 

^LOADER 

LOADER 

>LINK64t (ALT-MOD) 

memory map 

Is 

Next load D1WRIT. 

To load Overlay 3» type: 

SLOADER 

LOADER 

>INOUT (ALT-MOD) 

memory map 

Next load D1WRIT. 

The loading of Overlay k requires the following 

sequence: 

# ASSIGN DKD 2,3,10 

$ LOADER 

>D3OUT,SCALER,GRAF10,GRAFIC,CAA.,QL00K (ALT-MOD) 

memory map 

fs 

Load D1V7RIT next. 
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In all the above instructions, it is assumed that 

all required programs have been assembled or compiled and 

are on DK1. 



APPENDIX F 

OVERLAY Z 

During debugging of the PDP-9 portion of the 

DARE III system it was often necessary to examine the 

exact OUTPUT file received from the 6400. The ability to 

examine the OUTPUT and INPUT files has, therefore, been 

added as a sixth overlay. The sixth overlay can be 

accessed from any other overlay by typing the letter Z in 

command mode. The commands available in this overlay are 

jOUTP.UT Open the OUTPUT file 

INPUT Open the INPUT file 

TOP Display first page of open file 

NEXT Display next page of open file 

MOVE n Display next n lines of open file 

CLOSE Return to calling overlay 
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APPENDIX G 

AN ADDITIONAL EXAMPLE 

The lumped, constant-parameter, T-equivalent, 

dissipationless transmission-line (Moore, i960) was chosen 

as the example to verify that the DARE III system could 

handle 100 state equations. The transmission-line has the 

advantage of being a large system problem without involving 

the reader in long and complicated problem listings. The 

simple lumped-parameter model is shown below: 

The constraints at the terminals of the transmission line 

are: 

v o 
v s 
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and 

d l t  2 ,  ,  
dt" = L 58 " V 

vi = ii R,t 

To determine the state equations which represent the 

transmission-line consider the following typical segment of 

the lumped-model: 

j-1 

r 
L/2 

-nnrtnnnr-
L/2 

-rzrrjn-
L/2 

•?rTrtoiiz' 
L/2 

-^T3TQ-

Vj+1 

•j+1 
1 

When the definitions v = L 4^" and i = C are applied to dt dt 

node v. the following state equations result: 
J 

dii 1 
dt = L (vj-l " V 

dVi 1 
dt = C (lj " 1j+l) 

As shorn in the problem listing in Figure G.l these state 

equations were applied to nodes (each node requires two 

state variables). 

The results of the simulation are shown in Figure 

G.2. The initial conditions of all the state variables 
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«  D E R I V A T I V E  B L O C K  N O ,  I :  

»  L I N E  T E R M I N A T I O N  

V L = C L » R L  

*  E N D  O F  T R A N S M I S S I O N  L I N E  
«  

C L  1  = 2 ^ ( V S B - V L ) / A  
V S R  = ( C 5 8 - C L  ) / C  
C 5 8  = ( V 5 7 - V 5 8 ) / A  
V 5 7  = ( C 5 7 - C 5 8 ) / C  
C 5 7  = ( V 5 6 - V 5 7 ) / A  
V 5 6  = ( C 5 6 - C 5 7 ) / C  
C 5 6  = ( V 5 5 - V 5 6 ) / A  
V 5 5  = ( C 5 5 - C 5 6 ) / C  
C 5 5  = ( V 5 4 - V 5 5 ) / A  
V 5 4  = ( C 5 4 - C 5 5 ) / C  
C 5 4  = ( V 5 3 - V 5 4 ) / A  
V 5 3  = ( C 5 3 - C 5 4 ) / C  
C 5 3  = ( V 5 2 - V 5 3 ) / A  
V 5 2  = ( C 5 2 - C 5 3 ) / C  
C 5 ?  =  ( V 5 1 - V 5 2  )  / A  
v / 5 l  = ( C 5 1 - C 5 2 ) / C  
C 5 1  =  ( V 5 0 - V 5 1 )  /  A  
V 5 n  = ( C 5 0 - C 5 1 ) / C  
C 5 n  = ( V 4 Q - V 5 0 ) / A  
V 4 9  = ( C 4 9 - C 5 0 ) / C  
C 4 9  = ( V 4 8 - V 4 9 ) / A  
V 4 8  = ( C 4 8 - C 4 9 ) / C  
C 4 8  = ( V 4 7 - V 4 8 ) / A  
V 4 7  = ( C 4 7 - C 4 8 ) / C  
C 4 7  = ( V 4 6 - V 4 7 ) / A  
V 4 6  = ( C 4 6 - C 4 7 ) / C  
C 4 *  = ( V 4 5 - V 4 6 ) / A  
V 4 5 :  = ( C 4 5 - C 4 6 ) / C  
C 4 5  = ( V 4 4 - V 4 5 ) / A  
V 4 4  = ( C 4 4 - C 4 5 ) / C  
C 4 4  

A 
= ( V 4 3 - V 4 4 ) / A  

»  S T A T E  E Q U A T I O N S  F O R  A  T Y P  
*  N O D E  O N  T H E  T R A N S M I S S I O N  L I N E  

V 4 3 * = < C 4 3 - C 4 4 ) / C  
C 4 3 ' = ( V 4 2 - V 4 3 ) / A  

Figure G.l. Problem Listing for the Transmission-Line 
Problem 
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«• 

\/42 (C42 -C43)/C 
C4? (V41 -V42)/A 
V41 = (C41 -C42)/C 
C41 = <V40 -V41)/A 
V40 = (C40 -C41)/C 
C40 •=  (V39 -V40)/A 
V 39 = (C39 -C40)/C 
C39 = (V38 -V39)/A 
V38 - <C38 -C39)/C 
C38 = (V37 -V38)/A 
V37 = (C37 -C38)/C 
C37 = (V36 -V37)/A 
V36 = (C36 -C37)/C 
C36 — (V35 -V36)/A 

V3S = (C35 -C36)/C 
C3<5 = (V 34 -V35)/A 
V34 = <C34 -C35)/C 
C34 (V33 -V34)/A 
V33 = (C33 -C34J/C 
C33 = <V3? -V33)/A 
V3? = (C32 -C33)/C 
C3? = (V31 -V32)/A 
•V 31 -(C31 -C32)/C 
C31 (V30 -V31)/A 
V30 (C30 -C31)/C 
C30 = (V29 -V30)/A 
V29 = <C29 -C30)/C 
C29 = (V28 -V29)/A 
V 28 = (C28 -C29)/C 
C28 = (V27 -V28)/A 
V27 — (C27 -C28)/C 
C27 = <V26 -V27)/A 
V26 = (C26 -C27)/C 
C26 = (V25 -V26)/A 
V25 = (C25 -C26)/C 
C25 = (V24 -V25)/A 
V24 = (C24 -C25)/C 
C24 = (V23 -V24)/A 
V23 (C23 -C24)/C 
C23 (V22 -V23)/A 
V22 (C22 -C23)/C 
C2? = (V21 -V22)/A 
V21 -(C21 -C22)/C 
C21 = (V20 -V2D/A 
V20 = (C20 -C21)/C 

Figure G.l.--Continued Problem Listing for the 
Transmission-Line Problem 



C20 •= (V19-V20)/A 
V19 •=  (C19-•C20)/C 
C19 ,=  (VI8-V19)/A 
V18 .= (cia-C19)/C 
Clfl .=  (VI7-V18)/A 
V17 = (C17-C18)/C 
CI 7 = (V16-V17)/A 
Vl6 = (C16-C17)/C 
CI 6 = (V15-V16)/A 
V15 = (C15-C16)/C 
CIS = (V14-V15) / A 
VI4 = (C14-C15)/C 
CI* (VI 3-V14)/A 
V13 — (C13-C14)/C 
CI 3 = (V12-VI3)/A 
VI? = (C12-C13)/C 
C12 = < V11 -VI2)/A 
Vll (Cll-C12)/C 
Cll = (V10-VI1)/A 
Vlo = (C10-Cll)/C 
Clo 2* (VO -V10)/A 

«• 

« STAKT OK" TRANSMISSION LTNT 
«• 
« SOURCE 

VO=VS-CIO*RO 
« 

* DATA! 

TMAX = .9 
DT = .001 
A = .5 
C = 2E-4 
RO = SO 
RL = 50 
VS = 1 

Figure 6.1.—Continued Problem Listing for the 
Transmission-Line Problem 
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35 

F.S 

20 
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F.S 

X 

Figure G.2. Plot of the Transmission-Line Voltages at Nodes Number 20 and 35 
and at the Load for RO = RL = 50, vg = 1, L = .5, and G = 2E-4. 



were, zero* With DT = .001 and TMAX = 0.8 approximately 

25 CPU sees were required to run the problem. 
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