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ABSTRACT 

DARE I is the first of several on-line, all-digital, 

simulation systems developed under Project DARE (Differen

tial Analyzer REplacement) at THe University of Arizona. 

DARE I employs a simulation language based on CSSL 

(Continuous System Simulation Language) specifications and 

an interactive operating system, which provides many of the 

advantages of analog computer operation. 

The DARE I System contains all routines needed to 

formulate and run a simulation problem. It includes an 

on-line CRT text editor, a language translator, which 

generates several FORTRAN IV subroutines from the DARE I 

Language statements written by the user; a FORTRAN IV 

compiler; a conversational input routine for inputting 

parameter values and initial conditions; a Run-Time System, 

which controls the execution of the simulation; and an 

output display routine. All of these sections operate under 

the control of a simulation-oriented monitor. The system 

is controlled from a special simulation console. 

The DARE I System allows the user to program single 

simulation runs, or to specify control logic for a sequence 

of runs making up a simulation study. Such a study may 

involve cross-plots or statistics on a series of runs, or 

x 
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it may implement more complex operations, such as iterative 

optimization* 
* 

All calculations performed by the DARE X System 

employ floatinp;-point arithmetic. This frees the user 

completely from scaling considerations; this great con

venience, of course?is paid for in computing speed. The 

DARE I System, as implemented on the relatively small and 

inexpensive PDP-9 computer, is therefore relatively slow, 

requiring several minutes to solve most practical problems. 

This situation could«be improved considerably by a computer 

with floating-point hardware, which the PDP-9 lacks. 

DARE I permits the user to select one of up to 12 

different differential-equation-solving routines for use 

with any problem. At present, several fixed- and variable-

step Runge-Kutta routines and a predictor-corrector are 

available; more routines are being written. The system is 

designed to allow additional integration routines to be 

added easily at any time. 

DARE X has been implemented to operate on a PDP-9 

with EAE (Extended Arithmetic Element), API (Automatic 

Priority Interrupt), and l6K of core storage. Two DECtape 

transports or a disc, as well as the specially designed 

DARE simulation console, are required. 



CHAPTER 1 

INTRODUCTION 

DARE I is the first of several on-line all-digital, 
* 

simulation systems developed under Project DARE (Differen

tial Analyzer REplacement) at The University of Arizona 

(Korn et al., 1969). DARE I employs a simulation language 

based on CSSL (Continuous System Simulation Language) 

(Strauss, 1967b) and an interactive operating system, which 

provides many of the advantages of analog computer opera

tion. 

The design of the on-line DARE I System attempts to 

make use of the best ideas from earlier batch-processing 

digital simulation systems (Brennan and Linebarger, 136k). 

The first published report describing a simulation 

language was written by Selfridge in 1955- This language 

offered only simple block diagram oriented problem descrip

tion, but even this was a definite improvement over the 

languages then in use, considering that the now widely used 

compiler languages (such as FORTRAN) had not yet been 

developed. This was followed in 1957 with the publication 

of DEPI (Differential Equations Pseudo-code Interpreter), 

which was an adaptation and extension of the previous work 

by Selfridge, by H. Fred Lesh at the Jet Propulsion 

1 
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Laboratory, California Institute of Technology. In 1958 

ASTRAL (Analog Schematic TRanslator to Algebraic Language) 

was developed by Marvin L. Stein, Jack Rose, and Donn B. 

Parkes at Convair Astronautics. Unlike the previous 

two efforts, ASTRAL used a compiler (translator) which 

produced a FORTRAN program as output. The ASTRAL language 

was based closely on the elements available on the PACE 

analog computer. Additional development produced DEPI k at 

Allis Chalmers in Milwaukee in 1959 and DYSAC (DigitallY 

Simulated Analog Computer) at the University of Wisconsin 

in 1961, b.oth of which were written by J. R. Hurley. The 

PARTNER (Proof of Analog Results Through a Numerical 

Equivalent Routine) language was developed by Stover and 

Knudtson at the Aeronautical Division of Honeywell in 1962. 

It was originally developed to obtain check solutions for 

analog computations. 

DAS (Digital Analog Simulator) was developed by 

Gaskill, Harriss, and McKnight at the Martin Company, 

Orlando. DAS is of interest largely because of the 

structure of its compiler, which produced output in the 

FAP language for the 7090. The FAP program produced made 

extensive use of the macro assembly capabilities of the FAP 

processor, thus greatly simplifying the DAS processor. A 

simple rectangular integration scheme was used. JANIS was 

developed in 1963 by E. R. Byrne of Bell Telephone 

Laboratories. This system consisted of a set of FQRTRAN 
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subroutines which performed the various analog computer 

functions. A JANIS program was really a FORTRAN program 

made up of CALLs to the JANIS subroutines. Also in 19^3 

MIDAS (Modified Integration Digital Analog Simulator) was 

developed at Wright-Patterson Air Force Base. This is one 

of the most widely used simulation languages today. It is 

similar to DAS but uses a variable-step, fifth order 

predictor-corrector integration formula in place of the 

simple rectangular integration scheme used in DAS. 

PACTOL.US, developed in 1964, offered the first break with 

batch operation. Its interpretive language is an expansion 

of the MIDAS language and is oriented for on line operation 

on a small computer.' 

One difference between most of these earlier 

systems and DARE I is that DARE I is based on an equation-

oriented problem description which is well matched to modern 

control theory rather than on an attempt to simulate analog 

computer problem set-up directly. 

A much more significant difference, however, is 

that the DARE I system is designed for on-line interactive 

use, as opposed to the traditional batch processing mode of' 

digital computer operation. Even though the earlier simu

lation languages provided problem "set-up" similar to that 

on an analog computer, batch operation, with its turn 

around time of from hours to several days made their use 

less than satisfactory. Very seldom was it worth waiting 
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several hours for the results of one run, when in the same 

time the problem could be set up, debugged, and run many 

times on an analog computer. DARE I combines the ease of 

problem set-up normally associated with the all digital 

simulation systems with the on-line operation usually 

associated with an analog computer. 

The DARE I system contains all routines needed to 

formulate and run a complete simulation problem. It 

includes an on-line CRT text editor (3)? a language 

translator, which generates FORTRAN IV coding from the 

DARE I language statements written by the user; a FORTRAN 

IV compiler; a conversational input routine for inputting 

parameter values and initial conditions; a run-time system, 

which controls the execution of the simulation; an output 

display routine; and a report generator. All of these 

sections operate under the control of a simulation-oriented 

monitor. The system is controlled from a special dual-CRT 

simulation console. 

The CSSL-type simulation language uses FORTRAN as 

its associated procedural language (Strauss, 1967b). Care 

has been taken to design the DARE I language so that any 

statements which do not agree completely with standard 

FORTRAN IV syntax are sufficiently different to avoid 

confusing experienced FORTRAN programmers. Also, a sub

stantial effort was made to minimize the amount of coding 

required for simple simulation problems, so that 
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non-programmers can learn to use the system very quickly 

and easily. It is felt that this has been accomplished, 

since programming a simple "single run" simulation requires 

one only to type the differential equations describing the 

physical system under investigation on a CRT typewriter. 

The DARE I system allows the user to program single 

simulation runs, or to specify control logic for a sequence 

of runs making up a simulation study (Strauss, 1967a). 

Such a study may involve crossplots or statistics on a 

series of runs, or it may implement more complex opera

tions, such as iterative optimization. 

The DARE I translator sorts all non-procedural 

statements into the proper computational order. Thus the 

user does not have to worry about defining variables before 

they are used. This is particularly valuable for the person 

with little programming experience, since the order in 

which simulation problem descriptions are given may not be 

correct for computation. It is possible to imbed in the 

non-procedural statements as many "Procedural Sections" as 
\ 

desired which may be used to perform various logical 

decisions in & straightforward manner. 

All calculations performed by the DARE I system 

employ floating-point arithmetic. This frees the user from 

scaling considerations; this great convenience, of course, 

is paid for in computing speed. The DARE I system, as 

implemented on the relatively small and inexpensive PDP-9 
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computer, is therefore relatively slow, requiring several 

minutes to solve most practical problems. This situation 

could be improved considerably by a computer with floating

point hardware, which the PDP-9 lacks (Korn, 1969)* 

It should be noted that, even at PDP-9 speeds, the 

DARE I system compares quite favorably with most "slow" 

analog computers, especially when the greater accuracy 

(8-9 digits) and ease of problem definition are considered. 

Even for very large simulations requiring up to an hour per 

run, the DARE X system may give an answer more quickly 

because of the much shorter set-up time required. 

DARE I permits the user to select one of up to 12 

different differential-equation-solving (integration) 

routines for use with any problem. At present, several 

fixed and variable-step Runge-Kutta routines and a 

predictor-corrector are available; more routines are being 

written. The system is designed to allow additional 

integration routines to be added easily at any time. 

The following chapter (Chapter 2) describes the 

computer hardware" used to implement the DARE X system. 

Chapters 3 and 4 describe the system from the user's view

point, explaining the details of the programming language 

available and detailing the operation of the system. 

Chapter 5 describes the solution of three typical simula

tion problems with the DARE I system. 
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The remaining chapters describe the operation of 

the various processing routines which make up the DARE I 
* 

system in enough detail to allow modification of the 

system. Chapter 6 explains the overall structure of the 

system and explains the operation of the system monitor* 

Chapter 7 describes the CRT text editor used for entering 

a source program, and Chapter 8 describes the DARE I 

translator which converts the DARE X Language statements 

to FORTRAN. Chapter 9 explains the changes which have been 

made to the PDP-9 FORTRAN compiler and the Linking Loader 

to enable the DARE X System to make use of them. The 

DARE I Run-Time System is described in Chapter 10. This 

is the group of programs which are loaded with the compiled 

source program and provide the integration and input-output 

routines. Chapter 11 explains the operation of the con-r 

versational Output System, which allows the user to obtain 

complete graphical and tabular output. Chapter 12 sum

marizes this paper and presents some suggestions for 

improvements and additions to the DARE X system. 



CHAPTER 2 

DARE I HARDWARE 

DARE I has been implemented to operate on a Digital 

Equipment Corporation PDP-9 with EAE (Extended Arithmetic 

Element), API (Automatic Priority Interrupt), and 16,384 

words of core storage. Two DECtape transports or a disc, 

as well as the specially designed DARE simulation console* 
* 

are required. 

The PDP-9 is a general purpose digital computer 

which uses a fixed length 18 bit word. The basic instruc

tion set includes instructions for logical testing and 

modification and for one's and two's complement addition. 

The EAE adds an additional working register and instruc

tions for shifting and integer multiplication and division. 

The basic configuration includes 8,192 words of 1 [lsec core 

memory, which may be expanded to a maximum of 32,768 words. 

The memory reference instructions can directly address 

8,192 words, and one level of indirect addressing is pro

vided. 

The PDP-9 1-0 system provides for three types of 

data transfers: (l) programmed controlled, with data 

transferred to and from the accumulator, (2) data channel, 

with block data transfer to memory using the 1-0 bus at 

8 
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k |J,sec per word, and ( 3 )  direct memory access, using a 

separate data path into memory requiring 1 [lsec per word. 

The 1-0 bus consists of 18 bi-directional data lines and 

the associated control lines. A "party-line" 1-0 system is 

used, with each external device connected along the bus. 

DECtape is a low cost magnetic tape system devel

oped by the Digital Equipment Corporation. It utilizes 

small (4") reels of 3/4" wide magnetic tape with a pre

recorded "mark track" which divides a tape into a pre

determined number of,blocks. These blocks may be searched 

for by number in much the same way a section of a disc 

storage unit is accessed. Thus a DECtape unit appears 

logically the same as a disc and may be used in much the 

same manner as a disc for file storage, although it 

naturally gives a much slower access time. 

The DARE X system is operated from a new simulation 

console which provides input/output and program control 

(Puis, 1968). This console is intended to provide an 

especially convenient interface between the user and the 

computer. The cohsole contains two CRT displays, one for 

graphical output (Korn et al., 19&9) and one for alpha

numeric display (programs and data). A color CRT display 

is also available for graphic output. 

The graphic display was developed and built at The 

University of Arizpna. It uses a Hewlett-Packard type 

1300A 10" high-speed X-Y display oscilloscope driven by two 
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digital-to-analog converters, one for each axis. Beam 

intensity is controlled to allow either points or lines to 

be displayed. Data to be displayed is stored irf the PDP-9 

memory and is accessed through the PDP-9's data channel. 

The data channel provides device data transfers to and from 

memory requiring k microseconds. The display reads data 

from memory at a rate which is manually adjustable between 

8 and 200 fisec per data point. At the highest data rate, 

up to 1500 points may be displayed repetitively without 

noticeable flicker. *The graphic display also includes two 

slower digital-to-analog converters whose outputs are 

available on a panel connector for connection to an X-Y 

plotter, whose pen can be raised and lowered under program 

control. Provision has also been made for using all four 

outputs to drive a 4-channel stripchart recorder whose 

paper drive can be turned on and off by the computer. 

The alphanumeric display employs the Computer 

Communications Inc. CC-301 display controller to provide 

character-generating logic and an independent refresh 

memory. A typewriter-like keyboard is used with the alpha

numeric display for program and data entry. 

The CC-301 contains .a 1024 word, 9 bit core memory 

which is used for the storage of up to 960 alphanumeric 

characters. The contents of this memory is continuously 

scanned and used to generate a standard television signal 

which displays the characters in memory in the form of 
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5 x 7  d o t  a r r a y s .  S c a n n i n g  i s  n o n - i n t e r l a c e d ,  w i t h  2 6 2  

lines per frame. The frame rate is 60 Hz. Each word in 

the memory corresponds to a single character position on 

the screen, arranged in Zk lines of 40 characters each. 

The CC-301 has been interfaced to the PDP-9 to 

allow program-controlled data transfers to and from the 

CC-301. From the PDP-9, the CC-301 appears very much like 

a teletype. In addition to teletype-like operation, the 

PDP-9 can randomly access the character memory allowing it 

to read or write characters anywhere on the screen. The 
m 

CC-301 is connected to the program-interrupt facility. 

The color CRT display uses a color TV monitor which 

is scanned vertically to produce a 512-line raster. A 

graticule is generated by the display hardware. One or 

two points may be displayed along each scanning line. As 

with the other graphical display, data to be displayed is 

stored in the PDP-9 memory and accessed through the data 

channel. Background, graticule, and trace color are under 

program control. 

The console also includes a simulation control 

panel (Puis, 1*968) which can conveniently substitute for 

many conventional keyboard commands. Figure 2.1 shows the 

graphical display and the control panel. 

The simulation control panel is divided into four 

sections, as shown.in Figure 2.2: 
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Figure 2.1. Photograph showing the graphical CRT display 
and the simulation control panel. 
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Figure 2.2, Layout of the simulation control panel. 
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1. The program-control section is a set of 5 lighted 

push buttons and 3 lights, organized to resemble 

analog-computer mode controls. These controls 

provide all needed communications to and from the 

operating system and thus replace the usual command 

language. One advantage of using separate controls 

for this purpose is that this eliminates another 

set of arbitrary command words which the user would 

otherwise have to learn. 

2. The report-control section is a group of lighted 

buttons which control the generation of printed 

problem reports and computer-readable paper tapes 

for program storage, and the reading of these tapes. 

3. The condition-sensing section provides an elapsed-

time indicator, 5 sense switches and 5 "trace 

finder" buttons used with the graphical CRT 

display. 

4. The data-input section includes a twelve position 

solution method switch and 3 thumbwheel switches 

which may optionally be used to enter values for 

maximum solution time (TMAX), integration interval 

(DT), and the maximum allowable local truncation 

error (EMAX)' for variable-step integration. 

The control panel is interfaced to the PDP-9 to 

allow program controlled data transfers. Data transferred 
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from the panel consists of switch positions and button 

closures. The panel is connected to the program interrupt 

facility. Appendix B contains a list of PDP-9 IOT instruc

tions for the two displays and for the simulation control 

panel * 

Figure 2.3 shows this installation at The University 

of Arizona* 
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Figure 2.3* The DARE I installation at The University of 
Arizona. 



CHAPTER 3 

THE DARE I LANGUAGE 

The DARE I digital simulation language, which is 

a basic part of the complete DARE I system, is basically 

an equation-oriented language; the physical system being 

simulated is described by a set of first-order differen

tial equations. The language is constructed so that for 
s 

"single-run" simulations, the system differential equations 

constitute the entire program. This allows the non-

programmer to use DARE I for solving practical problems 

without any special training. 

The DARE I language satisfies most of the Simula

tion Councils' CSSL specifications (Strauss, 1967b): only 

a few departures were made from the original CSSL specifi

cation to make the language easier for non-programmers to 

use without sacrificing flexibility and to make the language 

more suitable for use in an on-line environment. FORTRAN 

serves as the associated procedural language. Care has 

been taken to see that any DARE I features which conflict 

with normal FORTRAN usage are different enough to prevent 

confusion for programmers used to FORTRAN. 

The DARE I system includes a complete library 

containing the standard FORTRAN functions and a number of 

17 
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additional simulation oriented functions and subroutines. 

These library routines are listed in Tables 3-1 and 3*2. 

Additional routines can be added as needed. Table 3*1 

lists the names and functions of each of the standard 

FORTRAN functions available. Table 3>2 lists the 

simulation-oriented functions. 

3.1 Line Format 

A convenient feature of our simulation language is 

the free format used for the CRT typewriter input. State

ment numbers and statements need not begin in special 

positions (columns) in each program line. Spaces Eire 

always ignored. If the first non-blank character of a line 

is a letter, then this letter is taken as the start of a 

statement. If the first non-blank character is a number, 

it is read as the start of a statement number. All immedi

ately following numbers are taken as part of this statement 

number. The first letter in the line is then read as the 

start of the statement. If the first non-blank character 

is S, then the line is a continuation line. If * is the 

first non-blank character, then the line is a comment. 

Lines written in normal FORTRAN card format fit this free 

•format automatically, except for continuation and comment 

lines. The complete DARE I program, including both 

standard FORTRAN and special DARE I statements, is written 

in this line format. 
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Table 3.1 FORTRAN IV Functions 
System 

Available in the DARE I 

Function 
Name Definition 

No > of 
Arg. 

Type of 
Arg. 

Type of 
Function 

ABS Absolute value 1 REAL REAL 

IABS Absolute value 1 INTEGER INTEGER 

AINT Truncation 1 REAL REAL 

INT Truncation 1 INTEGER REAL 

AMOD Remaindering 2 REAL REAL 

MOD Remaindering 2 INTEGER INTEGER 

AMAXO Choosing 
value 

largest 
2 or more INTEGER REAL 

AMAX1 Choosing 
value 

largest 
2 or more REAL REAL 

MAXO Choosing 
value 

largest 
2 or more INTEGER INTEGER 

MAX1 Choosing 
value 

largest 
2 or more REAL INTEGER 

AMINO Choosing 
value 

smallest 
2 or more INTEGER REAL 

AMIN1 Choosing 
value 

smallest 
2 or more REAL REAL 

MINO Choosing 
value 

smallest 
2 or more INTEGER INTEGER 

MINI Choosing 
value 

smallest 
2 or more REAL INTEGER 

FLOAT Convert to REAL 1 INTEGER REAL 

IFIX Convert to INTEGER 1 REAL INTEGER 

SIGN Transfer of sign 2 REAL 
. 

REAL 
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ISIGN Transfer of sign 2 INTEGER INTEGER 

DIM Pos itive difference 2 REAL REAL 

IDIM Positive difference 2 INTEGER INTEGER 

EXP 
a 

e 1 REAL REAL 

ALOG l°ge(a) 1 REAL REAL 

ALOGT i°Sio<a> 1 REAL REAL 

SIN s in(a) I REAL REAL 

COS cos(a) 1 REAL REAL 

TANH t anh(a) 1 REAL REAL 

SQRT V*" 1 REAL REAL 

ATAN arctan(a) 1 REAL REAL 

AT AN 2 arctan(an /ao ) 2 REAL REAL 
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Table 3-2 DARE I Library Routines 

Y = DXONE( X, A , B ) 

Y = COMPR(X) 

Y = DEADX(X,A,B) 

Y = SATAM(X,A,B) 

Y = SAMPL(X,S) 

Y = HOLD(X,N,S) 

Y = SENSE(A) 

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

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

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

Y  — 0 m  i f  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 
20 which must be different each 
time this function is used in 
the same problem 

Y = 0. if Sense Switch A is off 
or A is out of range 

Y = 1. if Sense Switch A is on 
A may vary from 1- to 5-

1 1(Y> = s + A l<x) 

This is a first order transfer 
function with initial condition 
V on Y. N is an INTEGER constant 
between 1 and 10 which must be 
different each time this function 
is used in the same problem. 
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Table 3*2—Continued 
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Y = SOTF(V,Q,D,Q,N,X) £(Y) = - ? 1 (X) 
s + 2DWs + W 

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 10 which must be 
different each time this function 
is used in the same problem. 
X is assumed to be constant and 
equal to for all T < 0. 

All values are REAL unless indicated otherwise 



23 

A DARE X program is divided into one or more 

blocks. A block is a group of lines of text which are 
* 

associated with a block name. In the DARE I system a 

block is both a file for data storage purposes and a 

logical program segment. When a program is to be written, 

the desired block is opened and a section of the program 

is entered in it. A list of DARE I block names is given 

in Table 3*3-

Table 3*3 DARE I Block Names 

Name Number Use 

Derivative - Contains the differential equations 
which describe the system under study 

Logic - Contains a FORTRAN program for control 
of repetitive runs 

Output - Used to preprogram Output Requests for 
the Conversational-Output System 

FORTRAN 1-9 Used to define FORTRAN Functions or 
subroutines 

Table 1-9 Used to define Table Look-up Functions 

A DARE I source program may not contain the letter 

Z. This restriction is necessary because the translator 

generates several variables whose neunes contain the letter 

Z. If a user variable name contained Z considerable 

confusion could result* 
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3•2 Definition of Terms 

Before describing the statements acceptable in the 

various blocks it is necessary to define a few terms. All 

references to the FORTRAN language refer to PDP-9 FORTRAN 

IV (Digital Equipment Corporation, 1968a), except as noted. 

The main differences are a limit of five characters for 

variable names and implicit LOGICAL type definition of all 

variable names beginning with the letter L. 

A FORTRAN Equation is any valid FORTRAN arithmetic 

replacement statement. A DARE I Equation has the same 

format as a FORTRAN Equation, except that only REAL 

variables, constants, and function names may be used. 

Also, dimensional variables are not allowed. There is a 

major difference in meaning between FORTRAN and DARE I 

Equations, however. A DARE I Equation, of course, repre

sents a true equality rather than a replacement, i.e., 

equations of the form A = A + 1. are meaningless. The type 

of block an equation is in determines if its type is 

FORTRAN or DARE I. 

A third type of equation, which may be uniquely 

identified by its structure, is the State Equation. A 

State Equation is the same as a DARE I Equation, except 

that the quantity defined is indicated by writing the name 

of the variable whose derivative is intended, followed by 

an apostrophe ('). 
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A Defined Variable is any valid REAL variable which 

appears to the left of the equal sign in a DARE I Equation 

or in a PROCED statement. A State Variable is any valid 

REAL variable whose derivative appears to the left of the 

equal sign in a Differential Equation. A System Variable 

or Parameter is any of the variables listed in Table 3*^* 

These variables each have a special meaning in the DARE X 

system. 

An Output Variable is a Defined Variable, a State 

Variable, or: any other valid REAL variable which appears in 

an OUTPUT statement. An Input Parameter is any valid REAL 

variable which appears on the right side of a State Equa

tion or a DARE I Equation or in a PROCED statement, but is 

not a Defined Variable or a State Variable, or which appears 

in an INPUT statement. 

3.3 Input-Output Operations 

All required input-output operations are performed 

automatically by the DARE 1 system. Optional input-output 

is requested by simple statements. 

All variables, which must be assigned values before 

a simulation run can be executed (Input Parameters), are 

displayed on the CRT screen. The user can, at this time, 

enter new values or change the current value of any of 

these parameters. Initial conditions are entered as values 

of the State Variables. 
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Table 3«^ DARE I System Variables and Parameters 

Variable Name Us e 

The independent variable for the integra
tion routine. All differentiation is 
with respect to T, which usually repre
sents time* 

DT The integration step size. For variable 
step routines, this is the initial step 
size. 

TMAX 

DTMAX 

DTMIN 

EMAX 

EM IN 

SWA, SWB, SWC 

RUNNO 

The upper bound of T, used to determine the 
end of a run. (The starting value for T 
is always zero.) 

Maximum allowable value for DT. Used only 
by the variable step integration routines, 

Minimum allowable value for DT. Used only 
by the variable step integration routines. 

Maximum error bound for the variable step 
integration routines. 

Minimum error bound for the variable step 
integration routines. 

Switch Variables which are used by some of 
the integration routines to specify addi
tional information, for example, to 
specify if a relative or absolute error 
criteria should be used. 

This variable normally specifies the run 
number during multiple run simulation 
studies and is recorded in place of T 
when output is a cross-plot. Its value 
may be changed in the Logic Block so as 
to represent some other quantity before 
executing the CALL STORE statement pro
vided it is always positive and that it 
has its maximum value when RETURN is 
executed ending the study. 
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During the study all Output Variables are recorded 

on the mass-storage device for later use by the Output 

Routine. 

The DARE I Conversational Input Routine and the 

Output Routine -are described in Chapter k (system opera

tion) . The remainder of this chapter describes the 

detailed structure of the DARE I Language by explaining the 

purpose and format of each block. 

3•^ Derivative Block 
s 

The central block in any simulation program is the 

Derivative Block. This block contains the differential 
I 

equations describing the system under study; a DARE I pro

gram, as noted, may consist simply of a Derivative Block 

alone. A line in the Derivative Block may consist of: 

1. A Differential Equation* 

2. A DARE I Equation (all equations in the Derivative 

Block which are not Differential Equations are 

DARE I Equations except in PROCED sections where 

they are FORTRAN equations)*. 

3. A PROCED Statement. This statement has the form: 

PROCED A, B, ... = X, Y, ... . 

It declares that all following statements, up to 

the next ENDPRO statement will be procedural, i.e., 

no sorting will be done on this group of state

ments, which may contain any valid FORTRAN IV 
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statements. The entire Procedural Section will be 

sorted, relative to the other statements in the 

Derivative Block, as if it were a single statement. 

All variables which are assigned values in this 

procedural section must be listed before the equal 

sign in the PROCED statement. These variables must 

not be State Variables or be defined by any other 

statement. All variables whose values are used by 

this procedural section must be listed after the 

equal sign and may include any valid type of DARE I 

» 

variable. 

An ENDFRO statement which indicates the end of a 

Procedural Section* 

A TERMINATE statement. This statement is used to 
/ 

terminate the present run at soitfe time previous to 

TMAX. Its form is: 

TERMINATE expression 

The current run is terminated if the expression 

is zero or negative. This statement is useful with 

single or multiple simulation runs of undetermined 

length". 

A POINTS statement, whose form is: 

POINTS n 

Where n is an unsigned integer which specifies the 

maximum nunjber of output points during a single 

simulation run. If this statement does not appear, 
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n is automatically set to 256, which is the 

maximum allowable value for n. The value of n is 

used to calculate the length of the Communication 

Interval, i.e., the time interval between solution 

outputs to mass storage. 

7- A DISPLAY statement, which has the form: 

DISPLAY NAME1, T 

DISPLAY NAME1, NAME2, T 

DISPLAY NAME1, NAME2 

NAME1 ap.d NAME2 are Output Variables. This state

ment calls for a run-time display showing the first 

one or two variables plotted-against the last one 

in the list* A run-time display is shown on the 

graphical CRT display, while the solution is being 

computed. Scale factors are calculated automat

ically. This statement has the same form as one of" 

the output requests. When used as an output . -

request, DISPLAY calls for a CRT display after a 

run or study is complete. 

8. A NO STORE statement written without arguments, 

which suppresses all time-history output to the 

mass-storage device. Use of this statement reduces 

the execution time of a problem if the only output 

required is a Run-Time Display. This statement is 

normally used only in single run simulations which 

do not use the Logic Block, since more complete 
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control of the storage function is provided by 

Logic Block Statements. 

All equations written in the Derivative Block are 

sorted for correct computational order during compilation. 

An entire Procedural Section is sorted like a single equa

tion. This has the effect of making each equation or 

Procedural Section represent a true equality, rather than a 

replacement operation in the FORTRAN sense. The programmer 

does not need to define a variable before it is used on the 

right hand side of an .equal sign; this is taken care of by 

the sorting routine. No provisions are made for breaking 

up implicit loops, but a diagnostic error message is given 

if the sorting routine cannot satisfactorily order the 

equations in the Derivative Block. If an implicit loop 

occurs, the equations must then be rewritten to remove the 

implied algebraic equation. 

Functions are available which provide first and 

second order linear transfer function response as listed in 

Table 3*2. Both of these functions utilize a zero-order 

hold invarient discrete time approximation (Wait, 1967)* 

This method implements a sampled-data simulation of the 

transfer function preceded by a zero-order hold. It should 

be noted that closed loops cannot simulate using only 
* 4 

transfer functions. All loops must be broken in at least 

one place with a differential equation. The linear 
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transfer functions cannot be used if a variable step size 

integration routine is employed. 

This completes the description of statements 

allowable in the Derivative Block. These statements are 

used to define the physical system under study and to 

provide simple solution control." 

3.5 Logic Block 

More complex solution control in simulation studies 

is accomplished by using the optional Logic Block. The 

Logic Block should contain a FORTRAN program which provides 

control for repeated differential equation solving runs. 

The Logic Block may contain any valid PDP-9 FORTRAN state

ment except Type Statements. Since Type Statements are not 

allowed, the compiler has been modified so that all 

variable names beginning with L are Logical Type. Care 

must be taken in using COMMON statements. No variable 

which is either a State, Defined, or Output Variable or an 

Input or System Parameter may appear in a COMMON statement 

anywhere in a DARE I program. All of these variables are 

implicitly in COMMON in both the Derivative and Logic 

Blocks, and thus may be used freely for communication 

between these two blocks. Any variable that is used in the 

Logic Block and does not appear in the Derivative Block and 

which does not appear in an INPUT, OUTPUT, or CALL SHOW 

statement is local to the Logic Block and may appear in a 
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COMMON statement in the Lcgic BXock for linkage to one of 

the FORTRAN Blocks. 

Several additional statements have been added which 

are legal only in the Logic Block. Also, some standard 

FORTRAN statements have a special meaning when used in the 

Logic Block. The following statements have been added for 

explicit control of the Input and Output Lists. 

1. INPUT list 

This statement adds the variables in the list to 
* 

the Input List. The variables may be any valid 

REAL FORTRAN variables. All variables listed in 

an INPUT Statement become Input Parameters exactly 

as if they had appeared in the Derivative Block. 

This statement is used to input Logic Block Para

meters such as an optimization step size or number 

of runs. 

2. OUTPUT list 

Same as above but the variables are added to the 

Output List and become Output Variables. This 

statement is usually used in conjunction with the 

CALL STORE statement described below to output 

values which are calculated in the Logic Block 

from the variables defined in the Derivative Block. 

For example, it might be necessary to output some 

error measure after each solution run. The error 
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measure could be a function of several variables 

used in the problem definition. 

The above two statements are not executable; they 

provide information to the DARE I translator which is used 

during compilation. They may appear anywhere in the Logic 

Block and each may appear as many times as desired. If 

desired, Input Variables from the Derivative Block may be 

listed in an INPUT statement to clarify the operation of a 

particular program as may Output Variables be listed in an 

OUTPUT statement. 

The following FORTRAN statements have special 

meaning to the DARE I System when used in the Logic Block: 

1. CALL RUN 

This statement calls for one simulation run from 

T .= 0 to T = TMAX. It is used as is any other sub

routine CALL. It should appear and be executed at 

least once in the Logic Block program. It may 

appear as many times as desired. 

2. CALL SHOW (list) 

Each time this statement is executed, the current 

value of each variable in the list is displayed on 

the alphanumeric CRT display in NAME-LIST format, 

that is, the name of the variable is output followed 

by its value in G15»7* The list may contain between 

1 and 6 variable names. All variables listed in a . 
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CALL SHOW statement are added to the Output list 

and become Output Variables. The CALL SHOW state

ment may be used as many times as desired with the 

same or different lists. It should be noted though 

that each time it is executed it writes on the same 

area of the screen, destroying any values previously 

displayed. 

CALL STORE 

When this statement is used, all time-history output 

to mass storage is suppressed. Instead, the current 

value of each Output Variable is output each time a 

CALL STORE statement is executed. It may be used 

as many times as desired. 

CALL STROF 

When this statement is executed all time-history 

output is suppressed. 

CALL STRON 

This statement turns back on the time-history output 

function if it has been previously turned off by 

CALL STROF. These two statements are used to 

temporarily disable time history recording during 

multiple runs in order to decrease execution time. 

During an optimization study, for example, it would 

be desirable to run with the.storage function off 

until the final result was obtained. At. this time 

one additional run could be made after executing 
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STRON to record the time response of the optimal 

system. These statements should not appear in the 

same program as a CALL STORE statement as confusion 

may result as to when output is allowed. 

None of the last three statements above may be used in 

programs in which the NO STORE statement is used in the 

Derivative Block. 

The Logic Block receives control from the data-

input routine and is then in complete control of the study. 

Xt may modify any variable used in the problem, including 

State Variables (initial conditions) and System Variables. 

After a run, all Defined Variables retain the last value 

they were given during the run. All State Variables are 

reset to their initial values before control is returned to 

the Logic Block. The final value of a State Variable may 

be transferred to the Logic Block only by setting a Defined 

Variable equal to it in the Derivative Block. T is 

returned equal to its final value. 

The Logic Block is optional. If it is not in

cluded in a program, control transfers directly to the 

start of the simulation routine at the start of a run. 

Initial conditions and parameters are then used exactly as 

typed in for this one run. Then the simulation is 

terminated, just as if one had entered a Logic Block 

containing only the statements: 
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CALL RUN 
RETURN 

3•6 FORTRAN Blocks and Table Look-up Functions 

A DARE I program can contain additional blocks 

referred to as FORTRAN Blocks numbered 1 through 9 in

clusive. Each of these blocks should contain a complete 

FORTRAN function or subroutine. These FORTRAN subprograms 

are available to any other block in the program. The 

FORTRAN Blocks are processed directly by the FORTRAN 

compiler and are not modified in any way by the DARE I 

translator. There is no implied COMMON linkage to any other 

block. 

An additional nine blocks called Table Blocks are 

used for the definition of Table Look-up Functions. These 

blocks are numbered from 1-9 inclusive like the FORTRAN 

Blocks. A DARE I Table Look-up Function may reference 

either a one or two dimensional table of function values. 

One dimensional Table Look-up Functions are evaluated using 

linear interpolation between the given data points. Data 

points need not be uniformly spaced in the independent 

variable. The data points referenced are located by a 

binary search of the data table. Two dimensional Table 

Look-up Functions use a routine which constructs a hyper-

boloid surface passing through the four given data points 

at the corners of the region containing the desired point. 



Binary searches are used in both independent variables to 

determine the region. The data points in both variables 

may be nonuniformly spaced (Rubin, 1966). 

The format for a one dimensional Table Look-up 

Function is shown in Figure 3*1* Here the function is 

named ABC and is specified by ten points. The dimension 

following the function name must be an unsigned integer 

number. All coordinates must be REAL constants. The 

number of data points and the dimension must agree exactly. 

Figure 3*2 shows the format for a two dimensional 

Table Look-up Function. Note that all elements in a row 

must be listed on one logical line following the value of 

the independent variable associated with that row. The 

line may be continued as many times as necessary, however, 

allowing the use of as many physical lines as are needed. 

When the argument of a Table Look-up Function is 

outside of the specified range the end value from the table 

is returned. Thus if the function shown in Figure 3*1 were 

called with an argument of 12.0, the value returned would 

be 4.9. 

It is difficult to state a maximum size for Table 

Look-up Functions, since it is determined by the amount of 

core storage remaining after the executable part of the 

program is loaded. The amount of storage required by the 

data tables can be .computed from the following formulas: 



* TABLE BLOCK SO. 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 
S.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 .21 , 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, 3.51 , 3 .6, 3 .73, 3.21 
4 .0, 3.0, 3 • 2, 3.22, 3 .31, 3 .4, 3.33 
5 • Bt' 2.8, 3 .0, 3.2, 3 .12, 3 .0, 2.9 

Figure 3>2. Example of a two-dimensional table look-up 
function. 

i 
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One independent variable: 

S = 9*N 

where N is the number of data points 

Two independent variables: 

S = 12*(N*M) + 3*(N + M) 

where N and M are the number of coordinates 

specified for the independent variables. 

Up to 8000 words are available for table storage, 

depending on the complexity of the problem. Up to 9 Table 
% * 

Look-up Functions may be specified, one in each Table Block. 

Any combination of one- and two-dimensional tables may be 

used, provided that there is enough room in core storage 

for the data tables at run-time. 

3-7 Output Block 

The Output Block contains requests for output which 

will be executed sequentially when the SELECT DISPLAY button 

is pressed after the simulation study is complete. The 

format for statements in the Output Block is exactly the 

same as that used by the Conversational Output System and 

is fully described in Chapter k. Use of the Output Block 

allows the user to preprogram output requests at the time 

the source program is written. 



CHAPTER 4 

SYSTEM OPERATION 

4.1. Program Preparation and Editing 

Operation of the DARE I System may be divided into 

three main sections: program preparation, program 

execution, and report preparation. 

In order to input a source program, the operator 

places the System in tjie RESTART condition by pressing the 

RESTART button on the control panel. The System is auto

matically placed in the RESTART condition when first loaded 

When the System is ready for input, the TYPE EQNS light 

comes on. At this time, the DARE I CRT Editor is loaded in 

core and is ready to accept commands* 

When used by the editor, the CRT screen is divided 

into three areas, as shown in Figure 4.1: (l) the Text 

Area, consisting of the first 22 lines on the screen, (2) 

the Communication Line, the 23rd line, and (3) the Command 

Line, the 24th or bottom line. The editor displays 22 

lines of the file being edited in the Text Area. The 

Communication Line always displays a message giving the 

current state of the editor, and the Command Line is used 

for typing in commands. 

40 



41 

40 CHARACTERS 

24 
LINES 

TEXT AREA 
(22 LINES) 

COMMUNJCATION LINE (I Line) 
COMMAND LINE (I Line) 

Figure 4.1. CRT editor screen format. 
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The editor operates in two modes: Command and 

Input. In Command Mode., the editor accepts commands typed 

'by the user in the Command Line. In Input Mode, the user 

may modify any part of his file appearing on the screen. 

When initially loaded, the editor is in Input Mode. When 

in Command Mode, the following commands are available for 

controlling which part of the Block is displayed on the 

screen. A command is specified by typing either the full 

name of the command or only the first letter, followed by a 

space, followed by an argument, if required. The command 

is executed by typing the LINE key. 

OPEN name Open the block "name." The block becomes 

available for modification. NAME is the 

name of one of the DARE I Blocks, which 

may be abbreviated to only the first 

letter for convenience. If a number is 

required to identify the block (FORTRAN 

or Table Blocks) as well as a name, it 

should follow the name or abbreviation. 

The block which was previously available 

is updated to include any changes made to 

it. Initially, the Derivative Block is 

open. 

SCAN Scans through the list of DARE I blocks 

and opens the first one which is not 

empty. The Derivative Block is always 
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opened when encountered, even if it is 

empty. 

NEW Display the next 22 successive lines of 

the block in the Text Area. 

MOVE n or n Move the Text Area up or down the file. 

If n is positive move down, if negative 

move up. Note that if only a number is 

typed as a command it is assumed to be the 

argument of a MOVE command. 

TOP Position the Text Area at the top of the 

file. 

BOTTOM Position the Text Area so that the last 

line of the file is displayed in the 

center of the Text Area. 

LOCATE string Locate the line containing the combination 

of characters "string." The search is 

begun with the line just after the bottom 

line in the Text Area and continues to the 

end of the file. If the search is success

ful, the line containing "string" will be 

positioned at the middle of the Text Area 

with the cursor under the first character 

position of the line and the editor will 

be switched to Input Mode. If the search 

is unsuccessful, the last line of the 

file will be positioned at the middle of 



FIND string 

KILL 

kk 

the Text Area and the editor will stay in 

Command Mode and display the message LINE 

NOT FOUND. 

Same as LOCATE string, except that the 

search is for a line beginning with 

"string." Leading spaces in both the 

string and the line are deleted before 

comparison. 

Erases the contents of the currently open 

Block. This command may not be abbre

viated. 

The commands described above are used to display any 

22 lines of any block in the Text Area. The contents of the 

Text Area may then be modified in Input Mode. The user 

switches modes by typing the INT key. If the editor is in 

Input Mode, the INT key switches back to Command Mode. When 

the INT key is used to switch to Input Mode, the cursor is 

always positioned at the beginning of the first line on the 

screen. 

In Input Mode, modifications to the file are per

formed at the cursor location only. The cursor may be 

moved to any position in the Text Area by the cursor control 

keys, which are grouped together to the right of the main• 

keyboard. The four keys ^ j , *—, and —^ are used to 

move the cursor in the indicated direction at a rate of 



about 8 spaces per second. The RETURN key places the 

cursor at the beginning of the line it was in, and the 

RESET key places it at the beginning of the first line. 

The LINE key places the cursor at the beginning of the next 

line. The TAB key advances the cursor to the next tab 

position in the line. Fixed tab positions are located 

every seven spaces. 

The key labeled SP CODE is not a cursor control 

key, but is the "control case" shift key. A control case 
* 

character is indicated by writing an ^ before the lower 

case character it is derived from. For example, Tin is 

typed by holding down the SP CODE key and typing IN. 

The text on the screen may be modified by simply 

typing over existing characters and by using the special 

keys described below. 

Inserts a blank space before the current cursor 

position. The cursor is left under the space. 

Deletes the character the cursor is under. The 

cursor is left under the next character. 

Inserts a blank line before the line containing, 

the cursor. The cursor is set to the beginning 

of the blank line. 

Deletes a line containing the cursor. The cursor 

is set to the beginning of.the next line. 

IN 

OUT 

|lN 

|0UT 
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fu Replaces the line containing the cursor with a 

blank line. 

» 

These keys are ignored when in Command Mode. 

As a block is modified, the size of the editor 

buffer continually increases. If the file is fairly long, 

the maximum buffer size may be exceeded. When this happens 

the message BUFFER OVERFLOW is displayed. 

At this time, only the X command will be accepted. 

This is a special command which compacts the text storage 

buffer, removing all unnecessary lines. If the program is 
* 

very long (about 30.0-500 lines total) the overflow may be 

due to the true length of the program and not the editing 

operations performed. In this case, the X command will not 

have any effect, and BUFFER OVERFLOW will occur again. 

This means that the program is too long to run on the DARE 

I system. The X command is issued like any other command, 

by typing the name of the command (X) followed by LINE. 

4.2 Program Execution 

After a source program is prepared using the 

editor, it is automatically compiled and loaded when the 

COMPILE button on the control panel is pressed. This 

initiates a sequence of operations which translates the 

source program into FORTRAN, compiles the FORTRAN code, and 

loads the resulting object code together with the integra

tion routine called for and the necessary library routines. 
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Before the COMPILE button is pressed, the SOLUTION METHOD 

switch should be set to the desired integration routine. 

Table 4.1 lists the integration routines currently asso

ciated with each switch position. 

Diagnostic error messages are produced by all three 

of the processing programs involved in the compilation 

process, depending on which one first detects the error. 

When an error is detected a message is displayed indicating 

the nature of the error and which section of the system 

detected it, followed by the line containing the error, if 

applicable. Processing continues so as to detect all errors 

in the program which can be found at that level, but does 

not continue to the next level; e.g., if the translator 

detects an error, the compiler and loader will not be 

called. A complete list of DARE I error messages is given 

in Table 4.2. For the most part, the messages are self-

explanatory. The first letter in an error message indicates 

which part of the system detected the error as follows: 

T DARE I Translator 

C FORTRAN IV Compiler 

L Loader 

R Run-Time System 

Some errors are not detected until the translated 

code is processed by the compiler. In this case, the error 

line displayed may bear little resemblance to the original 
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Table k.± DARE I Integration Routines 

Number Name Comments 

1 

2 

kib Order Runge-Kutta 

Transfer 

2 Point Runge-Kutta 

Runge-Kutta Merson 

Adams-Moulton 
Predictor-Corrector 

6 Not Implemented 

7 Not Implemented 

8 Not Imp1ement ed 

9 Not Implemented 

10 Not Imp1ement ed 

ll Not Implemented 

12 Not Implemented 

Basic fixed step size routine 

Dummy integration routine 
used if problem definition is 
entirely in terms of transfer 
functions 

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

Variable step size kih order 
Runge-Kutta routine with 
either relative or absolute 
error control 

Variable step size predictor-
corrector routine with either 
relative or absolute error 
control 
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Table 4.2 DARE I Processor Error Messages 

* Level3 Message 

T DERIVATIVE BLOCK EMPTY 

T ILLEGAL STATEMENT 

T VARIABLE NAME TOO LONG 

T VARIABLE DEFINED MORE THAN ONCE 

T SORT FAILURE 

T SYMBOL TABLE OVERFLOW 

T INCORRECT SYNTAX 

T ILLEGAL USE OF SYSTEM VARIABLE 

T SOLUTION METHOD NOT DEFINED 

T LOGIC BLOCK ERROR 

T TOO MANY OUTPUT POINTS 

T ILLEGAL VARIABLE IN OUTPUT LIST 

T TABLE BLOCK ERROR 

C SYNTAX ERROR 

C MODE ERROR 

C STATEMENT NO. ERROR 

C ARG./SUBSCRIPT ERROR 

C FORMAT STATEMENT ERROR 

C ILLEGAL STATEMENT 

C DO LOOP ERROR 

C TABLE OVERFLOW 

C • NESTING ERROR 
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Table 4.2—Continued 

C MAGNITUDE ERROR 

C ILLEGAL CONSTRUCTION OF STATEMENT 

C HOLLERITH ERROR 

L MEMORY OVERFLOW 

L DATA ERROR 

L ROUTINE(S) NOT FOUND 

L ILLEGAL 1-0 UNIT NUMBER 

R - UNDEFINED ERRORb 

R BAD SQ. ROOT ARG. 

R BAD INDEX IN COMP. GO TO 

R BAD I/O DEVICE NO. 

R BAD INPUT DATA 

R BAD FORMAT ST. 

R BAD LOG. ARG. 

The level indicates which processing routine 
detected the error as follows: 

T DARE I Translator 
C FORTRAN IV Compiler 
L Loader 
R Run-Time System 

This message indicates a system malfunction. 
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Table 4.3 Control Panel Buttons and Indicators 

Legend 

TYPE EQNSa 

COMPILE 

TYPE DATA3 

START RUN 

RUN FINISHED3 

RESET 

RESTART 

CLEAR 

SELECT DISPLAY 

CLEAR DISPLAY 

Function 

Indicates CRT 
editor is active 

Starts compilation 

Indicates data 
input routine is 
active 

Starts problem 
execution 

indicates simula
tion is complete 

Starts data input 
routine 

Restarts CRT 
editor 

Erases all problem 
input and restarts 
CRT editor 

Start or restart 
Result Output 
System--indicates 
keyboard decoder 
is active 

When Used 

When CRT editor is 
active 

When data input 
routine is active 

During execution, 
when RUN FINISHED 
on or when display 
routine is active 

Any time 

Any time 

When RUN FINISHED 
is on or when TYPE 
DATA is on if at 
least one run has 
been made since 
compiling or when 
Conversational 
Output System is 
active to restart 
reading of Output 
Block 

When a display is 
active 

Clear current 
display and re
start keyboard 
decoder 
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PRINT EQNS 

PRINT DATA 

PRINT REPORT 

PUNCH DATA TAPE 

PUNCH PROBLEM TAPE 

PUNCH TABLE TAPE 

J 

READ PROBLEM TAPE 

List contents of 
currently open 
block 

List data 

List all blocks an 
and data 

Punch data tape 

Punch complete 
problem tape 

Punch out contents 
or currently open 
block 

Read in any 
punched tape pro
duced by DARE I 

When CRT Editor is 
active 

When CRT Editor is 
active or when data 
input routine is 
active 

When CRT 
active 

When CRT 
active 

When CRT 
active 

When CRT 
active 

When CRT 
active 

Editor is 

Editor is 

Editor is 

Editor is 

Editor is 

£ Light only; all others are lighted buttons. 
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source line. It is usually possible, however, to determine 

which source line caused the error. 

In addition to the DARE I error messages, the 

system also gives the PDP-9 Advanced Software System IOPS 

error messages. Unless the system is malfunctioning, only 

one of these should ever be seen by the user. This is the 

message 10PS 04, which indicates that one of the system 

1-0 devices is not ready. "When this message is displayed, 

the device should be made ready and a key on the keyboard 

should be typed. The system will then retry the 1-0 

operation. 

After the compilation procedure is complete, the 

Run-Time System is loaded and the conversational Data Input 

Routine is started. This is indicated by the turning on of 

the TYPE DATA light. This routine displays the name and 

current value of each System Variable, State Variable, and 

Input Variable, in that order. If this is the first 

execution for a program, or if a new variable has been 

added since the last execution, the value for these 

variables will be left blank. Otherwise, the last value 

assigned to the variable will be displayed. An example of 

this display is shown in Figure 4.2. 

The value is assigned to a parameter by typing the 

parameter name, followed by an equal sign, followed by the 

value. The value may be either an Integer or Real number. 

E Format may be used if desired. The only restrictions are 
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| 

Figure 4.2. Example of run-time system CRT display during 
data input phase. 
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that the value must be entered using 14 or less characters, 

and the mantissa of" a number must not contain over 10 

digits. This should not be a hardship, since the DARE I 

system provides only. 8 to 9 (decimal) digit accuracy. After 

the value is typed, it is entered by the operator typing 

the LINE key. At this time, the value is entered into the 

list displayed on the screen. An error message is given if 

the name used is not in the list, if non-numeric characters 

are used in the value (other than +, -, ., and E), or if 

the value is too long. 

The values of DT, TMAX, and EMAX (if used) are 

normally read from the thumbwheel switches on the simulation 

control panel. These switches are read continuously while 

in the data input mode, and the value displayed for each of 

the variables will usually agree with the thumbwheel switch 

setting. The one exception occurs if a value for any of 

these variables is entered from the keyboard. In this 

case, the keyboard value will replace the switch value and 

will remain until the switch is changed. The operator thus 

has a convenient choice between thumbwheel-switch and 

keyboard entry. 

One initiates a simulation study (Strauss, 1967a) 

by pressing the START RUN button. At this time a run-time 

display is shown on the graphical CRT if requested by a 

display statement i*n the Derivative Block. The alpha

numeric CRT will display various information about .the 
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run in progress as shown in Figure k."}. There sections of 

the screen are used as follows: 

1. The top third of the screen displays the names of 

the variables whose values are shown in the Run

Time Display and also gives the full-scale values 

for each axis. 

2. The center section is used for output by the CALL 

SHOW statement. 

3- The next part of the screen is used by the integra

tion routines to display messages concerning the 

status of the routine, such as the current value 

of DT for variable step routines. 

k. On the bottom of the screen, either the message 

SOLUTION UNDERWAY or SOLUTION COMPLETE is displayed. 

The Sense Switches on the simulation control panel 

may be changed during a run to modify a problem as it is 

being solved, if desired. A run may be interrupted at any 

time by pressing either START RUN, RESET, or RESTART. 

Pressing the START RUN button starts the run over at T = 0, 

with the same parameters. RESET transfers control to the 

data-input routine to allow parameters to be changed. The 

RESTART button reloads the CRT editor to allow modification 

of the source program. It should be noted that the thumb-

awheel switches are read only when the data-input routine is 

active. They may be. changed at other times, such as during 
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40 CHARACTERS ? 

/ \ 
1 

2 
LI 

\ 

4 

NES 

f 

DISPLAY ROUTINE MESSAGES 

( 8 Lines) 

\ 
1 

2 
LI 

\ 

4 

NES 

f 

USED BY CALL* SHOW STATEMENT (7 Lines) 

\ 
1 

2 
LI 

\ 

4 

NES 

f 

INTEGRATION ROUTINE MESSAGES 

{ 7 Lines) 

\ 
1 

2 
LI 

\ 

4 

NES 

f 

PROBLEM STATUS MESSAGE (1 Line ) 

\ 
1 

2 
LI 

\ 

4 

NES 

f NOT USED (1 Line) 

\ 

V ̂  ——— J 

Figure 4.3* Run-time system screen format during execution. 
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a run, but the previous values will be used until the data-

input routine is again active. 

At the completion of a study, the message on the 

bottom of the CRT changes to SOLUTION COMPLETE, and the 

RUN FINISHED light on the control panel comes on. At this 

time, the system is placed in a waiting state until a 

button is pushed specifying the next action to be taken* 

At this time, the three buttons mentioned previously (START 

RUN, RESET, and RESTART) may be used. In addition, the 

SELECT DISPLAY button may be pressed if it is desired to 

examine the results of the previous run or study in more 

detail. 

The SELECT DISPLAY button loads the conversational 

Output Routine into core. When it is ready, it displays 

the message PLEASE SELECT DISPLAY and illuminates the 

SELECT DISPLAY button. At this time one of the Output 

Requests listed below'may be given; all display scaling is 

automatic, with full-scale values listed on the alpha

numeric CRT. 

DISPLAY (Q) Xl', X2, •••, T* Displays up to 5 variables 
vs. time on the graphical 
CRT display 

DISPLAY XI, X2 ^ , Displays a phase plane plot 
of XI vs. X2 on the graphi
cal CRT display 

PLOT (Q) XI, X2, ..., T* Produces a hard copy of up 
to 5 variables vs. time 
using the X-Y plotter 
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PLOT XI, X2 

LIST XI, X2, ... 

or 

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

Produces a phase p],ane 
plot of XI vs. X2 on the 
X-Y plotter 

Uses the alphanumeric dis
play to output a list of 
20 values for each of one 
to three variables 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 
increases so that T for 
line 20 is TMAX. As many 
significant digits as 
possible are shown for 
each value. 

PRINT XI, X2, ... 

or 

PRINT(p) XI, X2, ... 

or 

PRINT(n, m, p) XI, X2, .. 

SAVE XI,. n, X2, m, ... 

Lists up to 5 variables and 
T on the teletype. T = n 
for the first line and is 
increased by p for each 
additional line until T = 
m. If n and in 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). 

Saves current histories for 
access after successive 
runs. XI is placed in Save 
Area number n, X2 is placed 
in m, etc. Up to 5 
variables may be listed in 
one STORE statement. The 
Save Area numbers must be 
integers between'l and ^0. 

In the requests indicated by * Q represents an 

optional display modifier S, T, or C which perform the 

following functions: 

S Separate curves--if two or three variables are 

requested the curves are displayed on separate axis, 

with automatic scaling. 
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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) 
i 

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

C may only 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. These requests 

may also access variables previously stored with the SAVE 

request. Saved variables are requested by writing the 

number of the desired Save Area (as given with the SAVE 

request) in place of the variable name. If both Saved and 

current variables (requested by name) are given in the same 

request, the current variables must appear in the.list 

first, for example: 

DISPLAY X, Y, 13, 3, T 

Only as many letters of the request as are needed 

to uniquely identify it need be typed. For all requests 

except PRINT and PLOT, this means only the first letter. 

PRINT is abbreviated PR and PLOT to PL. The complete 

request may also be typed in each case. 

The Output Requests are also used as statements in 

the Output Block. When the Conversational-Output routine 

is loaded in response to the SELECT DISPLAY button being 

pressed, the Output Block is first examined. If it is 
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empty, control is passed directly to the conversational 

output command processor as described above. If there are 

statements in the Output Block, they are executed exactly 

as if they had been typed in to the conversational command 

processor. After the la&t statement has been executed, 

control is given to the conversational command processor, 

so that additional commands may be typed in at that time. 

When issuing a request for hard copy output, the 

output device to be used must be set up before the command 

is given. This applies mainly to the X-Y plotter and the 

stripchart-recorder, which require special setup each time 

they are used. Before using the X-Y plotter, the X and Y 

gain and centering controls must be set properly, and paper 

must be placed in the bed of the recorder. Similarly, gain, 

centering, and paper speed must be preset for the stripchart 

recorder. The paper drive should be engaged and the motor 

turned off. The teletype should not require special setup 

if it is ready for normal use. After output is complete 

(except when command was PRINT) the system is placed in a 

waiting state, to allow observation of the CRT displays. 

All of the output requests except PRINT make some use of 

at least one of the CRT displays, usually to display full 

scale values. The system is reset to accept another Output 

Request by by pressing CLEAR DISPLAY. After processing a 

PRINT request, the Output System is immediately reset, 

since this request does not make use of either CRT.- The 



62 

above description applies for all Output Requests, either 

read from the Output Block or directly from the keyboard. 

r 

4.3 Report Preparation 

In addition to the Result-Output Routine described 

above, DARE I provides routines for preparing reports 

consisting of the user source program and input data. The 

user can obtain a data listing from the Run-Time System by 

pressing the PRINT DATA button when the system is waiting 

for data input. All other reports can be requested only 

when the CRT editor is,in core (the CRT editor is loaded 

or reloaded upon pressing RESTART). 

One obtains a limited listing of only the one block 

currently open for editing by pressing PRINT EQNS ; also, 

the same data only listing as described above may be 

obtained at this time if PRINT DATA is pressed. A complete 

problem report (equations, logic, and data) is called for 

by pressing the PRINT REPORT button. This report consists 

of listings of all source program blocks which are not 

empty plus a data listing. It should be noted that, while 

source programs listings contain all changes made up to the 

time the listing is obtained, data is listed as entered the 

last time the Run-Time System was active (TYPE DATA light 

on). This also means that new programs which have never 

been compiled are always listed without data. 
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In addition to the report generation capability, 

the DARE I system allows the user to output his source 

program onto paper tape for subsequent reentry into the 

system. A complete problem tape, containing the entire 

source program plus data (if any) is produced when the 

PUNCH PROBLEM TAPE button is pressed. A tape containing 

only data is produced on pressing PUNCH DATA TAPE. The 

contents of a single block is punched upon pressing PUNCH 

TABLE TAPE. The block which is currently open for editing 

is punched. It is assumed that this function will usually 

be used for producing tapes of long Table Look-up Functions 

for use in more than one problem, but it may be used to 

output other blocks as well. 

All tapes produced by the DARE X system can be read 

in by pressing the READ PROBLEM TAPE button. When a tape 

is read, each block punched on the tape overlays the 

current contents of that block. Blocks not on the tape are 

not affected. If the tape contained data, it replaces any 

data currently entered. 



CHAPTER 5 

SAMPLE PROBLEMS 

This chapter presents three sample problems 

representative of the types of simulation problems the DARE 

I System was developed to solve. These problems were 

selected to give the reader some idea of the wide range of 

possible problem definitions and of the power of the DARE I 

language. 

5•1 Van der Pol's Differential Equation 

This example demonstrates the solution of a simple 

problem using a minimum of coding. The problem is to solve 

for the response of a system described by Van der Pol's 

Differential Equation: 

X" - U(l. - X2)X« + X = 0 

It is desired to display a phase plane plot of X' vs. X 

during computation of the solution. 

A complete listing of the program written to solve 

this problem is shown in Figure 5,1. The program contains 

only three statements, all in the Derivative Block. Two of 

the statements are the two first order differential 

equations which constitute the definition of the system 

under study: 

64 
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* DERIVATIVE BLOCK: 

X' = Y 
Y* = U*(1.-X*X)*Y - X 
DISPLAY Y,X 

* DATA: 

DT = 1.0 £-02 
TKJAX = 2.0E+01 
X = 1 
Y = 
U = 2 

Figure 5*1* Problem listing for example 1. 

X' = Y 
Y" = U*(l. - X+X)*Y - X 

The third statement requests a Run-Time Display showing a 

plot of Y vs. X. 

Figures 5.2 and 5*3 show the two CRT's after 

running this problem. Figure 5*2 shows the final form of 

the Run-Time Display and Figure 5*3 shows the associated 

information displayed on the alphanumeric CRT. After the 

run the SELECT DISPLAY button was pressed, calling upon the 

Conversational-Output System to obtain additional output. 

The following Output Requests were typed on the keyboard 

to request hard-copy output: 

PLOT(T) X, Y, T 
CHART X, Y 
PRINT(1.0) X, Y 

The results of these requests are shown in Figure 5*^i 5*5? 

and 5*6. 
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Figure 5.4. Plot of X and Y vs. T for example 1. 
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TIME 

0.0000000 
1 .0200200 
2.0403000 
3 .0600000 
4.0000000 
5.3200000 
6.0400000 
7.0600000 
3 .0000000 
9 .0200000 
10.040000 
11 .060000 
12 .000000 
13.020000 
14.040000 
15.060000 
16.000000 
17.020000 
18.040000 
19.060000 
20.000000 

1,0000000 
.41740218 
•1 .9146643 
•1 .69 33254 
•1 .211 82 9 3 
.25739432 
1.9868903 
1.62-05830 
1 .07361 82 
-.91280576 
•1 .9345720 
•1 .5355994 
-.90653989 
1.5604016 
1.3737639 
1.4425471 
.69 530744 
•1.9171436 
•1 .8077392 
•1 .3391 139 
-.41244153 

0.0000000 
-1 .3312010 
-.51211924 
.40608922 
.63741119 
3.1070579 
-.24531113 
-.44049262 
-.31440140 
-3.8161582 
.31072953 
.47926172 
1.0039913 
2.353 7971 
-.34386477 
-.52831419 
-1 .3029393 
-1 .0755595 
.3 6919562 
.59243091 
1 .79 53 047 

Figure 5*6. Output listing of" X and Y for example 1 
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The run time for this problem was approximately 60 

seconds with DT = 0.01 and TMAX = 20.0. When DT was in

c r e a s e d  t o  0 . 1 ,  t h e  r u n  t i m e  w a s  r e d u c e d  t o  a b o u t  7 * 5  

seconds (TMAX unchanged); about 90 seconds were required 

to compile and load the program. 

t 

5•2 Simple Parameter Optimization 

This example illustrates the use of the DARE I 

System to solve a two-point boundary value problem. The 

values of the initial slope and the final amplitude of a 

damped sine wave are known. It is necessary to determine 

the initial amplitude to satisfy these constraints. The 

defining equations are: 

XI' = W*X2 
X2' =-W*Xl + D*X2 

The HOLD function is used to save the value of XI 

at the desired time. The Logic Block routine makes two 

runs of the system in order to estimate the derivative 

dE 
where E is the error function. This derivative value 

is used to determine a new value to try for XI. 

Figure 5-7 is a complete listing for the problem* 

The final Run-Time Display obtained (final run) is shown in 

Figure 5*8. Figure 5*9 shows the alphanumeric CRT at this 

time showing the result of using the CALL SHOW statement to 

display the progress of the optimization. 

With DT = Q.Q3 and TMAX ~ 3*0^ about 3»5 minutes 

were required for execution. Decreasing TMAX to 2.1 



* DERIVATIVE BLOCK 

XI' = W * X2 
X2* = -W * XI + D * X2 
DISPLAY XI,XZfT 
SAM = HOLDC X1,1,TH) 

* LOGIC BLOCK: 

* PROGRAM TO SET XI FOR GIVEN VALUE AT 
* T = TH 
* 
* SX = OPTIMIZER STEP SIZE 
* G = OPTIMIZER GAIN 
* Q = MAXIMUM ERROR 
* VAL = DESIRED VALUE AT T = TH 
j|C 

INPUT gX,Q,G,VAL 
CALL STROF 
RUNX = 0. 

2 CALL RUN 
XIOLD = XI 
F:ROLD = CSAM-VAL) **2 
XI = XI + SX 
CALL RUN 
ER = (SAM-VAL)**2 
RUNX = RUNX + 1. 
CALL SHOW (XI,SA M,ERPRUNX) 
IF CABSCER).LT.Q) GO TO 3 
XI = XIOLD - C C ER-EROLD) /SX)*G 
GO TO 2 

3 XI = XIOLD 
CALL STRON 
CALL RUN 

* DATA: 

DT = "2.0E-02 
TMAX = 2.2E+00 
X I  = 0  
X2 = 0 
W  =  1  
D  =  - 1  
TH = 2 
SX = .1 

Figure 5-7- Problem listing for example 



Q = .0021 
G = 3 
VAL = 1 

Figure 5*7*--Continued 
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Figure 5.8. Final run-time display for example 2. 

H 

Figure Alpha-numeric display after running example 2. 
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reduced the time to 2.5 minutes. The problem required 

about 1 minute and 40 seconds to compile and load. 

5 * 3 Pilot Ejection Problem 

The problem here is to determine the boundary 

between the safe and unsafe regions on the altitude vs. 

velocity plot for a pilot ejected from a plane. The 

criterion is that the pilot must miss the vertical stabil

izer fin by a specified distance (8 feet). The desired 

output is not a time history; it is, instead, a plot of H 

vs. VA defining the safe-unsafe boundary. The coding for 

this program is shown in Figure 5»10. This problem demon

strates the use of a PROCED section to make a logical 

decision (has the ejection seat left the guide rails?) and 

the TERMINATE statement to end each run as soon as the 

pilot has passed the vertical fin. In the Logic Block, 

the CALL STORE statement is used to obtain a cross plot 

instead of a time history recording on tape. A one-

dimensional Table Look-up Function is used to define the 

density vs. altitude curve. 

With a large DT of 0.1, slightly more than 3 

minutes were required for execution. Reducing DT to 0.05 

increased the time to slightly over 6 minutes. Time re

quired for compilation and loading was about 2 minutes. 

1. CSSL benchmark problem, Strauss, 1967b. 
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* * DERIVATIVE BLOCK: 

* SAMPLE PROBLEM - PILOT EJECTION 
i * 

j * VE = SEAT EXIT* VEL. 
! * THE = SEAT EXIT ANGLE 
j * Y1 = HEIGHT OF RAILS 

* 
X' = V*COSCTH)-VA 
Y* = V*SI N(TH) 
PROCED YGEY1=Y»Y1 
YGEY1 =1 . 
IF(Y.LT.Yl)YGEYI =0. 
ENDPRO 
V* = -YGEY1* CD/A W-G*SI N( TH)) 
TH* = -YGEYl*CG*COSC TH))/V 
D = RH0P*V**2/2. 
YF = Y 
TERMINATE X+30. 
API = 7. 
G =32.2 

j DISPLAY Y,X 

j * LOGIC BLOCK: 

* VA = PLANE VEL. 
* 

H = 0. 
S = 10. 
CD = 1. 
INPUT VA t VEf THE 
OUTPUT H 

' * CONVERT THE TO RADIANS 
[ THE = THE/57.2957795 
I ^ 
| * CALCULATE INITIAL PILOT VEL. 

i * 
! 2 V = C C JA-VE*SIN< THE) )**2+CVE* 
| $ COSC THE) )**2)**0.5 

; * CALCULATE INITIAL PILOT ANGLE 
* 

I TH = ATA N( VE*COS ( THE) / C VA-v/E* 
j $ SIN(THE))) 

I * | 3 RHOP = RHOCH) * CD * S 

Figure 5*10. Problem listing for example 3 
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VS = V 
THS = TH 
VA S - VA 
CALL SHOW (H,VAS,VS,THS) 
CALL RUN 
IF (YF.GT.20.) GO TO 4 
H = H+500. 
GO TO 3 

A RUfUJO = VA 
CALL STORE 
VA = VA+50. • 
IF (Vrt.LE.1030.) GO TO 2 ' 

* OUTPUT BLOCK! 

DISPLAY H 

* TABLE BLOCK NO. 1: 

RHO, 12 
0., 2.377E-3 

1 E3, 2.308E-3 
2E3, 2.241 E-3 
4E3, .2.117E-3 
6E3, 1.937E-3 
10E3, 1.755E-3 
15E3, 1.497E-3 
20 "31 1,2 67E-3 
3053, 0.391E-3 

• 40 E3, 0.5S7E-3 
50 E31 0.3 64E-3 
60 E3 f 0.2238E-3 

* DATA * 
• 

DT = 1 . 0 E-01 
TMAX = 2.0E+00 
X = 

: Y = 
V = 
TH = 
RHOP = 
VE = 40 
VA = 100 
Y1 = 4 
THE = 15 

Figure 5 *10 ---Continued 



H = 65536 

VA 1000 

(RUNNO = 1000) 

Figure 5«H* Plot of H vs. VA for exeunple 3 



CHAPTER 6 

SYSTEM ORGANIZATION AND THE DARE I MONITOR 

The remainder of this paper describes in detail the 

operation of the DARE I System software. It is intended 

that this description will provide adequate information to 

allow modification and further development of the system. 

It is assumed that the reader is familiar with the PDP-9 

Advanced Software System as described in the following 

manuals: Monitors Programming Reference Manual (D.E.C., 

1968c), Macro-9 Assembler Programmer's Reference Manual 

(D.E.C., 1968b), FORTRAN IV Programmers' Reference Manual, 

Parts I, II, and III (D.E.C., 1968a). To obtain complete 

familiarity with the system it will also be necessary to 

consult the"Complete DARE I Listings (Goltz, 1969)* 

6.1 Structure of the DARE I System 

The DARE I System is self-contained, including a 

system monitor and all needed processing programs-, which 

are stored on a single system tape. One scratch tape is 

also used for temporary storage during system operation. 

Figure 6.1 shows a Directory Listing of the system tape. 

The DARE I System is made up.of six core overlays 

which are loaded from a mass-storage device as needed to 

solve a simulation problem. Except for 1-0 device delays 

78 
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DIRECTORY LISTING 
.LI BR BIN 220 162 
METHD1 BIN 221 4 
MEIHD2 BIN 222 1 
METHD3 BIN 223 3 
METHD4 BIN 224 7 
METHD5 BIN 227 15 
Dl MOM SYS 0 
D1 EDTR SYS 15 
Dl LOAD SYS 50 
DIRECT SYS 71 * 

Dl F4 SYS 101 
Dl OUT SYS 140 

S USER FILES 
220 SYSTEM BLKS 
442 FREE BLKS 

Figure 6.1. Directory Listing for the 
DARE I System Tape 

this overlay structure is completely transparent to the 

user. The overlays are numbered from 0 to 5 for reference. 

Overlay 0 is the system monitor, including both 

resident and non-resident sections* The resident section, 

which occupies approximately the first ^000q  words of 

memory, is used by all other core overlays and hence is not 

overlayed. The non-resident section is a short routine 

used to initialize memory and the mass storage device. It 

is overlayed. 

The next overlay, Overlay 1, contains the CRT text 

editor and the DARE I translator. Combining these two 

routines in one overlay saves one DECtape transfer during 

compilation, and thus speeds up the procedure. Since both 

programs call on many of the same subroutines (particularly 
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for text handling), this combination does not require an 

excessive amount of core storage. 

Overlay 2 consists of the FORTRAN compiler. This 

is the DEC PDP-9 Advanced Software System Compiler, with 

only a few modifications to the command processor and the 

input routines. Also, several minor "bugs" have been 

corrected. 

Overlay 3 is the DEC PDP-9 Advanced Software System 

Linking Loader, again with modifications in its command 

processor. The loader loads the desired integration routine, 
¥ 

the output of the FORTRAN compiler (user programs), the main 

program for the Run-Time System (RTS), and any required 

library routines, which then make up Overlay 4. When the 

RTS is started, it accepts data input from the user in a 

conversational mode. When data input is complete, pressing 

the RUN button on the control panel transfers control to 

the "simulation initialization" section. After initializa

tion, control goes to the Logic Block routine. This is 

either the user-defined program written in the Logic Block 

or (if the Logic Block is empty) a default routine calling 

for a single run. 

When control is returned from the Logic Block, 

Overlay 5 may be loaded by pressing the SELECT DISPLAY 

button. Overlay 5 is the Conversational Output System. It 

first executes any commands written in the Output Block, 
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and, when these are exhausted, it enters its conversational 

mode and accepts additional commands from the keyboard. 

6.2 Resident Monitor 

The DARE I monitor is similar to the PDP-9 advanced 

software monitor in general organization, but many of the 

details are different. The monitor can be divided into 

several functional sections. The main divisions are: (l) 

CAL Handler, (2) DAT table, (3) System and data tables, 

(k) Error Routine, (5) Skip Qhain, (6) Local Function 

Handlers, (7) Resident 1-0 Handlers, and (8) Non-Resident 

Monitor. The remainder of this section describes the first 

six of these divisions. 

The CAL Handler is the routine which processes all 

program calls to the monitor. A call to the monitor is of 

the form 

CAL arg 1 

m 

arg 2 

arg n 

The CAL instruction is effectively a subroutine jump (JMS) 

to a fixed location in core (absolute location 20) which is 

used to transfer control to the monitor. The CAL Handler 
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is entered from this location. It first looks at the 

location following the CAL instruction for a number which 

"specifies the function to be performed. If the number does 

not specify a legal function, control is transferred to the 

error routine. If the function is one that is performed by 

a Local Function Handler, control is transferred directly 

to that handler. If the function is an 1-0 operation, the 

CAL Handler next looks at the Device Assignment Table (DAT) 

to determine which 1-0 routine to use and transfers control 

to that handler. 

The DAT table is a list of the 1-0 Handler addresses. 

All 1-0 requests are made by referencing an entry in the 

DAT table rather than by directly addressing a given 1-0 

routine. In the Advanced Software System the contents of 

the DAT table can be changed by the user from the keyboard 

at run time. This capability is not available with DARE I 

but the basic DAT table structure has been retained, mainly 

to simplify the use of existing 1-0 routines as part of 

DARE I. 

Monitor Reference Tables. The system and data 

tables are used to store system status information and 

problem data which must be transferred between different 

overlays. There are seven different tables of this type. 

The .SCOM table starts in location 100g and is the same as 

the .SCOM table in the Advanced Software monitor. It is 
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used to store general system status information. The 

remaining tables are all unique to the DARE I Sytem. The 

first of these, .TABLE is a table of the addresses of the 

following tables. Use of this table allows the length of 
« 

any of the following tables to be changed freely. All 

system programs which use any of- the following tables 

determine the location of each table from the contents of 

.TABLE. This latter table begins in location l46g. 

.SIM is the simulation status table. It contains 

the information shown in Table 6.1. This table is written 

into by the translator and the Run-Time System. 

.METH is a 12 word table which contains information 

on each integration routine in the system. Bit 0 of each 

word is 1 if the corresponding routine is available and 0 

if not. The next 7 bits indicate which of the optional 

system parameters are needed by the integration routine. 

If the bit is 1 the parameter is needed, if 0 it is not 

needed. Bits 1-7 correspond to the parameters DTMAX, 

DTMIN, EMAX, EMIN, SWA, SWB, and SWC respectively. This 

table is not modified by the system during operation. 

The system program loading routine uses the next 

table, .SYSPR, when loading each overlay from tape. It 

contains five word entries for each overlay (except Overlay 

0) which give the following information: 

DECtape block number 

Word count 
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Table 6.1 Contents of the .SIM Table 

Location Contents 

.SIM+0 Number of output points 

.SIM+1 Output Block flag (0 = no Output Block) 

.SIM+2 Current overlay number 

.SIM+3 Number of System Variables 

.sim+4 Number of State Variables 

.SIM+5 Number of Undefined Variables 

.SIM+6 Number of Defined Variables 

.SIM+7 First display variable (for Run-Time display) 

.SIM+10 Second display variable (for Run -Time display) 

.SIM+11 Solution method number 

.SIM+12 DT (from thumbwheel switch) 

.siM+13 TMAX (from thumbwheel switch) 

.SIM+1 EMAX (from thumbwheel switch) 

.SIM+15 Store switch 

.SIM+16 Actual number of output points 
• 

.SIM+17 Actual TMAX - word 1 

.SIM+ 20 Actual TMAX - word 2 

.SIM+21 Actual TMAX - word 3 
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Core loading address - 1 

Starting address 

Transport number * 100000 + 21000 

This table is not modified during operation. 

The next table contains the names and values of all 

Input Parameters. The first 88 'locations in the table are 

used to store up to 44 5-7 ASCII word pairs. Each word 

pair can contain the name of a user defined Input Parameter 

The remaining 264 words contain 44 6-word value entries 

for the Input Parameters. Values are stored in the table 

as 5-7 ASCII character strings, ending in C.R. Bach value 

may contain up to 14 characters. The name entries are 

placed in this table by the translator. The data input 

section of the Run-Time System will then enter the 

corresponding values as they are typed in. 

The final monitor table, .OUT, contains the names 

of up to 40 Output Variables stored in 5-7 ASCII as 

described above. This table is made up by the translator. 

Monitor Overlay: Error Routine, Interrupt-service, 

Skip Chains, and Function Handlers. The Error Routine is a 

straightforward section which displays a system error 

message on the CRT screen. It is entered from absolute 

location 4 with the error number in the AC. DARE I System 

error messages are identical with those for the Advanced.. 

Software System for the PDP-9 (D.E.C., 1 9 6 8 c ) .  
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The Skip Chain is a string of IOT skip instructions 

which is used to determine which device has requested a 

Program Interrupt. A Program Interrupt causes execution of 

each IOT skip instruction in the Skip Chain until the one 

for the device requesting service is found. 

There are two Local Function Handlers. One is used 

to enter the address of interrupt service routines in the 

Skip Chain and the API registers. The other is the System 

Loader which loads the other five overlays of the DARE I 

System. 

0 

The bulk of the monitor is made up of the Resident 

1-0 Handlers. These are routines for operating the most 

commonly used 1-0 devices. Since all overlays use these 

devices, their handlers are a part of the resident section 

of the monitor. In the DARE I System there are resident 

handlers for 3 devices: CRT typewriter, Teletype, and 

Simulation Control Panel. 

An I—0 handler may be entered in two ways: (l) 

from a program through issuing a CAL (monitor call) or 

(2) in response to an interrupt from the device it is 

servicing. Generally, an 1-0 operation will be initiated 

with a CAL, Once the operation is begun, control is 

returned to the calling program, with the handler servicing 

interrupts from the device as it needs more data or has 

more data ready for transmission. Monitor calls (.WAIT and 
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•WAITR) are provided to determine whether such a transfer is 

currently underway. 

When entered from the CAL Handler, the 1-0 Handler 

must first determine what function is requested. This is 

done by examining the CAL function code in the location 

following the CAL instruction. Control is then transferred 

to the proper routine within the Handler for the function 

requested• 

Handler functions include initialization (.INIT), 

input and output operations (.READ and .WRITE), and 

termination of operation (.CLOSE). These operations are 

summarized as they apply to CRA in Table 6.2. Other 

handlers use these calls in approximately the same manner. 

Calls are also available for file oriented operations. 

These include: 

.DLETE Deletes a file from the device 

.RENAM Renames a file 

•FSTAT Used to examine the device file 
directory 

.CLEAR Zeroes out the device file 
directory 

.SEEK Opens a file for input 

.ENTER Opens a file for output 

.CLOSE Closes the currently open file 

An additional call, .MTAPE, is used with non-file oriented 

magnetic tape. Also, .TRAN is used by mass storage devices 

to call for block transfers. 



Table 6.2 Summary of Monitor Calls for CRA 

Macro Function(s) Format 

.INIT (a) Return standard buffer size 

(b) .SETDP CKSF IOT instruction 
(c) Set handler mode for input (line 

or screen) 
(d) Clear screen if output 
(e) Set interrupt key jump address 
(f) Kill currently active .READ 

.DLETE 

.RENAM Ignored 
•FSTAT 

.INIT 
where 

a, f, r 
a 
f 

r = 

Standard 

= .DAT slot number in octal 
= 0 Line Mode input 
= 1 output 
= 2 Screen Mode input 
= 3 Transfer Mode 

interrupt key jump address 

.SEEK Ignored Standard 

.ENTER Ignored Standard 

.CLEAR Ignored Standard 

.CLOSE Wait for completion of 1-0 Standard 

.MTAPE Ignore Standard 

.READ Line Mode: 
(a) Set 1-0 underway indicator 
(b) Set up to accept characters for Standard 

keyboard 
(c) Transfer line-when C.R. or 

ALT-MOD is typed (IOPS) 00 
03 



Table 6.2--Continued 

Screen Mode: 
(a) Transfer line containing cursor 

from the display memory 

.WRITE (a) Output line to display 

.WAIT (a) Wait for or test for completion 

.WAITR of 1-0 

.TRAN (a) Clear display memory (screen) 
(b) Enable or disable refresh 
(c) Set or read cursor position 

Standard 

Standard 

.TRAN a, d, r, c, w 
where a = .DAT slot number in octal 

d = 0 don't clear screen, 
disable refresh 

1 don't clear screen, 
enable refresh 

2 clear screen, disable 
refresh 

3 clear screen, enable 
refresh 

r = address of row number 
c = address of column number 
w = 0 no cursor control 

1 set cursor position 
2 read cursor position 

oo 
\o 
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6.3 CRA 

CRA is the resident device handler for the CC-301 

'alphanumeric CRT display. A complete description of the 

CC-301 display controller is given in the CC-30 Communica

tion Station Reference Manual (Computer Communications Inc., 

1968). CRA uses the CC-301 display in alpha mode and in 

character mode. The following section describes the 

operation of CRA from the viewpoint of the programmer who 

wishes to use it for 1-0 from a Macro (assembler) program. 

References to TTA refer to the standard Advanced Software 

System Teletype Handler. 

CRA provides two modes of operation, Line Mode and 

Screen Mode. In Line Mode, it may be used interchangeably 

with TTA for input and output (programs that use TTA will 

automatically use CRA in Line Mode). In Screen Mode, CRA 

allows full screen edition from the keyboard without 

additional programming. Table 6.2 summarizes the functions 

of each monitor call (CAL) to CRA. 

Input-Line Mode Operation: When CRA is used in 

Line Mode, input is on a line-by-line basis, just as with 

TTA (teletype): The screen area available for input begins 

at the cursor position when the READ is issued and extends 

to the end of the line, as shown in Figure 6.2. The < •• 

and >- cursor control keys may be used to move the cursor 

anywhere in the input area, but will not move the cursor 

out of the input area. The T and. Ikeys do not operate. 
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40,0 CHARACTERS 

7ff 

24 fO 

LINES 
c* N I LINE \ 

INPUT 
AREA 

CURSOR POSITION WHEN 

.READ IS ISSUED 

)1L 

Figure 6.2. Format of an input line in line mode« 
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If a cursor control key is held down, the cursor 

will advance continuously in the desired direction at a 

rate of about 8 spaces per second. To move the cursor 

only one space the key must be released quickly. 

The RETURN key moves the cursor back to the begin

ning of the input area. The RESET key does not operate. 

Tab positions are located every seven spaces across the 

screen. Keyboard keys other than interrupt keys will 

operate only when a .READ is active. the LINE key corres

ponds to the C.R. key on the teletype. 

In Line Mode, IOPS ASCII or Image Transmission may 

be used. With IOPS ASCII, all word counts are disregarded 

and data transfer to the user program is terminated only by 

typing LINE or TRANS. With Image Transmission, the number 

of characters transmitted from the keyboard is controlled 

by the word count in the .READ statement. This word count 

includes a two-word header set up by CRA. Each character 

generated by the keyboard is transmitted directly. No 

tests are made for special characters except that all 

interrupt keys do cause a jump to the interrupt address. 

Input-Screen Mode Operation: Screen mode is 

designed to provide a full screen editing capability. When 

in Screen Mode, CRA will respond to a .READ immediately by 

transmitting the entire contents of the line containing the 

cursor. The cursor is left at the beginning of the next 

line. All keyboard keys are enabled at all times.' LINE is 
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enabled and moves the cursor to the beginning of the next 

line but it does not cause a line to be transmitted to the 

computer as in Line Mode. All cursor-positioning keys 

operate, allowing the cursor to be positioned anywhere on 

the screen. 

In Screen Mode input, only IOPS ASCII Transmission 

may be used. When operating in Screen Mode, the cursor 

cannot be moved out of the top 22 lines of the screen. An 

attempt to do so causes an interrupt jump with the code of 

the key typed in the ,AC. If a character is entered at the 

end of line 21 (22nd line on the screen), the character is 

accepted but the cursor is not advanced and an interrupt 

jump occurs with the code for cursor right in the AC. The 

codes returned as the result of a screen area overflow are: 

Cursor up 232 

Cursor left 210 

Cursor down 213 

Cursor right 11 

Input-General: The Input Mode is selected with the 

.INIT CAL. (See Table 6*2.) It should be noted that the 

DARE I version of CRA does not recognize a line terminator 

equivalent to ALT-MOD (175) for input (175 is recognized as 

a line terminator for output as with TTA). 

In both Line and Screen Mode-the keys IN and OUT 

are used to insert and delete characters at the cursor 

position. Typing IN inserts a blank space at the cursor 
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position. All characters to the right of the cursor 

(including the character above the cursor) are shifted 

right one position. The last character in the line 

(character position 391Q) is lost. The OUT key deletes 

the character above the cursor. All characters to the 

right of the cursor are shifted left one position. A blank 

enters the last character position in the line (39-,rt)* lO 

All non-character-generating keys not mentioned 

above are interrupt keys. Typing one of these keys causes 

control to be transferred to address given in the last 

.INIT to CRA, with the code of the key typed placed into 

the AC. If the address is 0 (absolute), no action is 

taken. The contents of the AC and the PC are stored in 

.SCOM+16 and .SCOM+17 (ll6 and 117 absolute) before jumping 

to the specified address. This allows the program to 

selectively ignore some interrupt keys but to service 

others. 

An additional Input Mode, Transfer Mode, is also 

available. When the handler is in Transfer Mode, any .READ 

is treated the same as in Screen Mode, but the keyboard 

(except for interrupt keys) is locked out. This mode is 

intended for use in transferring the contents of the 

display memory to the PDP-9 memory. Use of Screen Mode 

here can.give unpredictable results if a key is typed 

during the transfer. 
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Output; CRA output is exactly like TTA output in 

IOPS ASCII. Output begins at the cursor position at the 

time the .WRITE is issued and continues to the end of the 

line. Any characters which overflow the lines are lost. 

With IOPS ASCII, all word counts are disregarded 

and transmission stops on the first C.R. or ALT-MOD 

character or upon line overflow. With image transmission, 

the word-pair count from the first header word controls the 

number of characters transmitted. No character translation 

is provided; all characters but nulls are sent to the 

display as they appear in the user's buffer. Nulls are 

ignored. Parity does not have to be correct. 

6.4 TTB 

TTB is the only teletype handler available in the 

DARE I System, which receives all inputs from the CRT 

keyboard. TTB is, therefore, an output-only handler, which 

will accept only the IOPS ASCII data mode. Within these 

limits, TTB operates the same as TTA. Proper timing is 

provided for horizontal and vertical tabulation and for the 

form feed operation. 

TTB and CRA use the same ASCII unpacking routines 

and the same unpacked buffer. Thus it is not possible to 

perform 1-0 on both devices at the same time. This is most 

noticeable if an attempt is made to output to the teletype 

(TTB) while a .READ is active on the CRT display keyboard 
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(CRA). In this case, no output will occur until the .READ 

is terminated. 

6.5 SPA 

SPA is the device handler for the simulation control 

panel. It allows .WRITE monitor calls to he used to turn 

on and off all panel indicators, and permits .READ monitor 

calls to be used for determining the state of all switches 

and buttons on the panel. SPA also provides for setting up 

an interrupt entry in a user program to which control is 
i 

transferred whenever a button is pushed (except for the 

trace finder buttons, which do not cause an interrupt). 

The use of the monitor calls with SPA is somewhat non

standard and is therefore described in detail below. In 

all calls M is the unit number (.DAT number) for SPA 

(-5 or -6)* All arguments indicated as 0 are not used by 

the handler, but must be included in the call. 

.INIT U,0,A Used to set the address for a button 
interrupt. When a button is pushed, 
control is transferred to location A with 
the AC equal to the Button Register (see 
Table 6.3)* The previous contents of the 
AC and PC are stored in .SCOM+16 and 
.SCOM+17. If A is zero, control is not 
transferred but the Button Register is 
set. Each time a button is pushed the 
previous contents of the Button Register 
is lost. Note that buttons which request 
the loading of a different overlay are 
processed directly by the monitor. 
These buttons do not cause a transfer to 
A. . 

.READ U,0,N,0 Used to set the AC to one of five 
switches or the Button Register as 
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Table 6.3 Correspondence Between AC Bits and the 
Panel Buttons and Indicators 

AC Bit 

0 not used not used 

1 not used not used 

2 not used not used 

3 not used TYPE DATA 

k CLEAR RUN FINISHED 

5 PRINT EQNS. PRINT EQNS. 

6 PRINT DATA PRINT DATA 

7 PRINT REPORT PRINT REPORT 

8 READ PROBLEM TAPE READ PROBLEM TAPE 

9 PUNCH PROBLEM TAPE PUNCH PROBLEM TAPE 

10 PUNCH DATA TAPE PUNCH DATA TAPE 

11 PUNCH TABLE TAPE PUNCH TABLE TAPE 

12 SELECT DISPLAY SELECT DISPLAY 

13 CLEAR DISPLAY TYPE EQNS. 

Ik COMPILE COMPILE 

15 START RUN START RUN 

16 . RESET RESET 

17 RESTART RESTART 
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selected by N, If N = O, load the AC 
with the Button Register indicating the 
last button pushed. If N = 1-3 j read 
the corresponding thumbwheel switch. 
The data format for the thumbwheel 
switches is shown in Figure 6.3* If 

•r* N = 4, read the Trace Finder Buttons, 
S the Sense Switches, and the Method 
Switch as shown in Figure 6.4. 

.WRITE U,N,A,0 If N = 1, set the Button Lights from the 
contents of location A according to the 
bit-light correspondence given in Table 
6.3« If N = 2, set the Strip Lamps 
(elapsed time indicators) from the 10 
least significant bits of location A. 

6.6 Non-Resident Monitor 
* 

The two functions performed by the non-resident 

section of the monitor are low-core setup and scratch-tape 

initialization. Due to the fact that several locations 

below 100 are used by the DECtape system, it is simplest to 

load the Resident Monitor starting at location 100. There 

are, however, several locations below 100 which must be 

initialized to specific values. The Non-Resident Monitor 

does this. It also zeroes the directory of the scratch. 

tape on DECtape unit 1 and establishes a special directory 

which allows file oriented output on one part of the tape 

(blocks 1-145) and non-file oriented output on the remainder. 

The organization of the tape is shown in Table 6.4. 

After initializing the scratch tape, the Non-

Resident Monitor directs the system loader to load Overlay 



ac bit 0 1 2 3 4 5 6 7 8 9 10 ii 12 13 14 15 16 17 

value 8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 

digit 1st mantissa 2nd mantissa 1st exponent* 2nd exponent digit 
digit digit digit digit 

*lst exponent digit varies from -5 to +5j represented in sign 
magnitude code. 

Figure 6.3. Thumbwheel switch data format 

\£> 
\o 



A C BIT 

VALUE 

USE 

0 4 5 6 7 8 9 •10 1! 12 13 14 15 16 17 

ON ON ON ON ON ON ON ON ON ON 8 4 2 1 

TRACE 1 FINDER 
BUTTONS 

SENSE SWITCH METHOD SWITCH 

Figure 6.4. Data format for the trace finder buttons, sense switches, and the 
method switch. 

H 
O 
o 



Table 6.4 Scratch Tape Organization 

101 

9 

Block Use 

1-144 File oriented area 

145-244 Overlay 4 dump area 

245 ' Saved variables index block 

510-1077 Saved variables storage area 



CHAPTER 7 

THE CRT EDITOR 

The CRT text editor is used for text entry and 

modification by means of the CC-301 CRT display and key

board. The editor allows independent accessing of the 21 

separate source program blocks used in a DARE I program. 

Each block is treated as an independent data file. 
% 

7•1 General Description 

During editing, all data is stored in core in the 

form of threaded lists, with a line of text as the basic 

list element. All data is stored in a single buffer made 

up of all available core storage not required for program 

storage. Blocks are separated by using a separate threaded 

list for each block, with a separate pointer to the start 

of each list. Only the single initial pointer word is used 

for empty blocks. This allows the blocks in use to employ 

all of memory (even if only one block is used). 

Each line in the threaded list consists of a pointer 

giving the address of the next line in the block, followed 

by a standard IOPS ASCII line including the standard two 

word header. The last line in the block has its pointer 

set to -1. 

102 
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The editor uses two line buffers, BUFFA and BUFFB 

when processing text. For most operation, BUFFA contains 

a packed line (5-7 ASCII) and BUFFB and unpacked line. 

Both buffers normally use the first location of the buffer 

as a pointer to the current word in the buffer. 

All communication between the CRT display and the 

editor is through CRA, the display handler which was 

described in Chapter 6. This provides a certain degree of 

modularity since, if a different display device were to be 
* 

used, only the handler would have to be rewritten. No 

changes would be required in the editor. 

At any time, one of the 21 possible blocks is open 

for editing. This means that the complete contents of the 

block is displayed on the screen and may be modified from 

the keyboard. A block is opened by setting two pointers: 

CURENT and FIRST. CURENT contains the number of the open 

block as given in Table 7*1 • FIRST contains the address 

of the pointer to the first line of the block. 

7 • 2 Text Display Manipulation 

Before discussing the operation of the editor in 

response to user commands, it is necessary to describe the 

data structure used for manipulating the 22 line display^ 

and also to discuss the operation of several subroutines. 

The CRT display provides a 960-character memory, separate 

from the editor buffer which contains the characters being 



Table 7«1 CRT Editor Blocks 

Block Number Symbol Block Name 

1 1 FORTRAN Block 1 
2 2 FORTRAN Block 2 
3 3 FORTRAN Block 3 
k • k FORTRAN Block k 
5 5 FORTRAN Block 5 
6 6 FORTRAN Block 6 
7 7 FORTRAN Block 7 

10 8 FORTRAN Block 8 
11 9 FORTRAN Block 9 
12 • 

• Derivative Block 
13 * Logic Block 
14 < Output Block 
15 — Table Block 1 
16 > Table Block 2 
17 ? Table Block 3 
20 @ Table Block 4 
21 A Table Block 5 
22 B Table Block 6 
23 C Table Block 7 
24 D Table Block 8 
25 E Table Block 9 
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displayed. It would be desirable to do as much editing as 

possible in this memory so as not to expand the core buffer 

unnecessarily. Following this philosophy, all character 

modification, insertion, and deletion is performed in the 

display memory. The main buffer is updated only when a 

major change in the information displayed is required. 

A 24-word area called the line list keeps track 

of the correspondence between the lines on the screen and 

in the buffer. The line list contains the core addresses 

of each line in the buffer corresponding to the 22 lines in 

the text area of the screen. If a screen line is not in 

the buffer, its word in the line list is set to -1. A 

screen line will not have a corresponding buffer line if it 

was completely blank the last time the buffer was updated. 

Two additional words, one before and one after the 22 line 

section described above, contain the addresses of the lines 

just above and just below the 22 lines on the screen. 

When it is necessary to change the contents of the 

screen, the following sequence is used: 

1. Update•the buffer from the screen, using the line 

list to determine the place of each screen line in 

the block. 

2. Change the line list to point to the 2k consecutive 

buffer lines to be displayed'next• 

3* Display the 22 lines pointed to by the line list. 
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The subroutine BUFFIL is used to update the buffer 

from the screen. This subroutine starts at the top of the 

screen and reads each line into BUFFA. Using the line list, 

it determines the location in the buffer that this line 

was originally taken from. It compares the word pair count 
* 

in the first header word to determine which version of the 

line is now longer. The line from the screen may have been 

modified since it was put on the screen, either lengthening 

or shortening it or not changing the length if only 

character changes were made, rather than by insertions or 

deletions. If the line from the screen is shorter or of 

the same length than the line from the buffer, it is copied 

directly over the buffer line. If the line from the screen 

is longer, it is copied at the top of the threaded list, 

and the pointers in the list are modified to delete the 

previous version of the line and to replace it with the new 

version from the screen. This process continually lengthens 

the core buffer, since the storage used by the old version 

of the line is not reused. It would be possible to reuse 

this storage by keeping an additional list of deleted lines, 

but since lines can have different lengths, this would 

require searching the entire list until space long enough 

to use was founqL. It was* felt that this additional 
i 

t 

complication was not warranted. If the line list word for 

a line is -1, indicating that the line is not in the • 
I 

buffer, this line is physically put at the top of the 
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buffer and the pointers are set to insert it in the block 

at the proper place. If a line which was previously in the 

block is found to be blank, it is deleted from the buffer. 

If a blank line was not in the buffer before, no action is 
4 

taken. 

The opposite function is performed by the subroutine 

SCNFIL. This subroutine writes on the screen the 22 lines 

pointed to by the line list. If a line list entry is -1, 

the corresponding line is left blank. 

Two subroutines are used for changing the contents 

of the line list. These are BUFTOP and PUSHUP. BUFTOP 

sets the line list to point to the first 22 lines in the 

currently open block. If the block contains less than 22 

lines, the remaining entries in the line list are set to -1. 

PUSHUP is used to advance the line list entries one 

line down the block. When PUSHUP is called, it pushed up 

by one position each entry in the line list. The bottom 

position is filled by looking at the pointer of the last 

line in the list. This subroutine is also used to detect 

the end of the block. Before modifying the line list, the 

entry for the 11th line is examined. If this line is 

blank all following lines are checked. If they are all 

blank (including the line just below the screen) an end of 

block condition is indicated. In this case, the contents 

of the line list is not changed, and control is returned to 

the location immediately following the subroutine call 
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(JMS). If the end of block condition is not found the list 

is pushed up, and the location after the JMS is skipped. 

Several other short subroutines are used to check 

for core buffer overflow, to set and read the position of 

the cursor, and to output special messages. 
% 

Subroutines are also provided for packing and un

packing text in 5-7 ASCII. The unpacking routine, UNPACK, 

is called by the sequence: 

JMS UNPACK 
input buffer addr. -1 
output buffer piddr. -1 

The input buffer should contain a standard IOPS ASCII line 

including a two word header. The routine does not look at 

the header words, however, so they need not be set up. At 

each entry to UNPACK, the entire input buffer is unpacked 

and transferred to the output buffer, with one 7-bit 

character right justified in each l8-bit computer word. 

The unpacked version of the line does not contain a header. 

There are two entries to the packing subroutine: 

JMS PACK57• 
input buffer addr. -1 
output' buffer addr. 

and 

JMS STORE 
input buffer addr. -1 

1 output buffer addr. -1 

The PACK57 entry produces a 5-7 ASCII line without 

a header, while STORE produces the same line preceded by a 

standard two-word header, which is correctly set up, by the 
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subroutine. In both cases the input buffer should contain 

one 7-bit ASCII character right justified in each word. 

The last character in the line must be a C.R. (15)* 

7•3 Input Mode Operation 

When, the editor is in Input Mode, the main task of 

text modification is shifted to the display handler. The 

only functions serviced by the editor are line insertion 

and deletion and Text Area moving in response to an attempt 

to move the cursor out of the Text Area. The handler is 

operated in Screen Mode, giving the user the capability of 

moving the cursor anywhere in the top twenty-two lines of 

the screen and to change, insert, or delete individual 

characters. All other Input Mode functions are requested 

by typing interrupt keys or by trying to move the cursor 

out of the top twenty-two lines. In both cases control is 

transferred to the interrupt key address given in the last 

.TNIT call to CRA. At this time the accumulator contains 

an ASCII code indicating which key was typed. 

When the INT code is detected in Input Mode, the 

editor is switched to Command Mode, which is described 

below. The keys fIN and f OUT are used to insert and 

delete lines. When ^IN is detected, the core buffer is 

first updated using BUFFIL. After the cursor position is 

determined, the line list is modified to insert a blank 

line before the line containing the cursor. This is done . 
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by pushing down all line list entries after and including 

the cursor line. The entry vacated is set to -1. The 

bottom line on the screen is pushed off the list (but not 

lost) and is no longer displayed. Finally, the new lines 

are output using SCNFXL. The operations performed to 

delete a line are similar, except that all line list 

entries below the cursor line are pushed up one, overlaying 

the entry for the cursor line and bringing the next line 

onto the screen. Also, the cursor line is deleted from the 

core buffer by means of pointer modification. 
• 

7-4 Command Mode Operation 

All other editor fuctions are requested from 

Command Mode. When placed in Command Mode the editor 

switches CRA to Line Mode, moves the cursor to the 2^th 

line and issues a .READ call. When the user terminates 

the .READ by typing LINE, the input line is unpacked and 

decoded. The first character in the line is saved and the 

line is scanned until a space or carriage return (C.R.) is 

found. A pointer is left pointing to the character before 

the space or C.R. for later use if the command requires an 

argument. The first character is recovered and checked 

against a list of characters to dispatch to the proper 

routine. The characters in this list are the first letters 

of each editor command listed in Chapter 
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The OPEN command simply resets the two positions, 

CURENT and FIRST to a block specified by the argument. The 

first character of the argument is examined to determine 

which block to open. If this letter is F or T, indicating 

a FORTRAN or Table Block which also requires a number for 

complete identification, the argument is scanned further 

until a numeric character is encountered. This character 

is then taken as the number of the FORTRAN or Table Block. 

The SCAN command causes a search through the list . 

of first line pointers, starting with the pointer for the 

currently open block and continuing until a non-empty block 

is found. This block is then opened. The scan is in the 

order of the block numbers given in Table 7*1• The scan 

is circular, with Block 1 coming after Block 25g• The 

Derivative Block always stops the scan, even if it is 

empty. 

The MOVE command moves the 22 lines displayed on 

the screen up or down the block. The sequence for 

processing this command is to first convert the argument, 

which must be a signed or unsigned (positive) integer 

number, to binary; then to update the core buffer using 

BUFKIL and then to modify th.e line list. If the argument 

is positive, PUSHUP is called repeatedly to advance the 

line list down the block. If it is negative, the number 

(from the start of the block) of the line which should be 

at the top of the screen following execution of the. command 
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is computed. The line list is set to the top of the block 

using BUFTOP and PUSHUP is called repeatedly to advance to 

the desired line. This sequence of operations for moving 

up the block is required since the list pointers provide 

linkage only to the next line; not to the previous line. 

This means that scanning can only occur in a forward 

direction or "down" the block. 

The NEXT command completely refreshes the screen. 

It is exactly equivalent to a MOVE 22 command. 

The BOTTOM command advances the text area down the 

file until the last line of the block is at the center of 

the screen. This is implemented by entering the MOVE 

command routine with a very large number as the argument. 

The PUSHUP subroutine stops when the text area is positioned 

as desired. Note that this means that a MOVE command with 

an argument large enough to go beyond the end of the block 

functions just like the BOTTOM command. Once the Text Area 

is positioned at the bottom of the block, attempts to move 

it further down the block are ignored. Attempts to move it 

up are, of course, honored as usual. 

An additional positioning command, TOP, is pro

vided. Given without an argument, it causes the sequence: 

JMS BUFFIL 
JMS BUFTOP 
JMS SCNFIL 
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to be executed. This positions the text area at the top of 

the block. 

Two commands are provided for searching for a 

specified text string within a block* One (FIND) searches 

for a string at the beginning of a line, and the other 

(LOCATE) searches for a string anywhere in a line. Both of 

these commands use the text comparison subroutine MATCH. 

The calling sequence for MATCH is: 

JMS MATCH 
address of string 
mode 

# 

If the comparison is successful, the instruction immediately 

following the mode number is skipped. If it is not success

ful, this instruction is not skipped. This subroutine 

compares the unpacked string of text whose address is given 

in the calling sequence to the unpacked line in BUFFB. If 

the location after the string address (mode) is 0, the 

comparison is considered successful if the string is 

contained anywhere within the line. If the mode indicator 

is 1, the line must begin with the string to give a 
i 

successful comparison. The comparison routine ignores all 

spaces in both the string and the line. This subroutine 

is also used by the DARE I translator. 

Both the FIND and LOCATE commands go to a common 

routine after setting the mode number in the call to MATCH. 

This routine, after updating the core buffer, advances the 

line list down the bi.ock until the line which was 
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previously just below the Text Area is now in line 11. The 

line list is then positioned for the search loop, which 

unpacks line 11 and calls MATCH. If the comparison is un

successful, PUSHUP is used to advance one line down the 

block, and the procedure is repeated. This sequence 

continues until (l) the comparison is successful, or (2) 

PUSHUP detects the end of the block. In either case, the 

screen is filled according to the contents of the line 

list. If the comparison was successful, the editor is 

switched to Input Mode, and the cursor is positioned under 

the beginning of the line containing the string. If the 

end of the block was detected, the editor stays in Command 

Mode and displays the message: 

LINE NOT FOUND 

The remaining editor command is KILL. When a K is 

detected as the first letter of a command, the processing 

routine for this command first uses the subroutine MATCH 

to check for the remainder of the word. If the entire word 

is present the first line pointer for the open block is set 

to -1 indicating that the block is empty. Following this 

BUFFIL and SCNFIL are called. This sequence erases the 

entire previous contents of the block. 

7*5 Report Preparation 

The report preparation and paper tape routines are 

entered from the control panel button interrupt routine. 
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Separate buttons are provided for the functions PRINT EQNS. , 

PRINT REPORT, PRINT DATA, PUNCH PROBLEM TAPE, PUNCH DATA 

TAPE, PUNCH TABLE TAPE, and READ PROBLEM TAPE". 

The buttons PRINT EQNS. and PRINT REPORT both 

request a listing of the contents of one or more blocks. 

Pressing PRINT EQNS. lists the contents of the currently-

open block on the teletype. The PRINT EQNS. routine calls 

two subroutines: (l) HEAD, which outputs a page heading 

consisting of the line "DARE I PROGRAM LISTING" followed 

by the page number, and (2) LISTCB which prints the contents 

of the block pointed.to by FIRST and CURENT on the teletype. 

LISTCB counts the number of lines on a page and calls HEAD 

when it is necessary to start a new page. 

The PRINT REPORT routine uses the same subroutines 

to list all blocks. It first saves the contents of FIRST 

and CURENT and then resets them to point to Block 1 

(FORTRAN BLOCK l). After calling HEAD initially, a loop 

is entered which calls LISTCB and then advances FIRST and 

CURENT to the next block. In this way all blocks are 

listed. Next, after restoring FIRST and CURENT, the 

current data is listed by entering the PRINT DATA routine. 

The PRINT DATA routine scans the .SYMBL table in 

the monitor and outputs to the teletype each name in the 

table followed by the corresponding value from the second 
f 

part of the table. 
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7.6 Text Storage Format and Paper Tape Operations 

A single text storage format is used for both paper 

tape and DECtape. The use of device handlers for both 

paper tape and DECtape makes these devices look alike to 

the program, as long as only one file is output. This 

allows the same input and output routines to be used for 

both devices. Only the DAT numbers in the arguments of the 

CAL instructions used as monitor calls have to be changed 

to change devices. 

All text blocks may be stored in the same DECtape 

file or on a single paper tape, or they may be stored on 

several separate paper tapes. When a block is output, an 

identifying line consisting of 

is output after the last line of the block. The character 

n is the symbol for the block as shown in Table 7« No 

special header is output before the text. 

When text is read into the editor from a tape, it 

is placed in the core buffer in the usual threaded list 

format, with the address of the first line of the"block 

saved in a temporary location. When the terminating line 

indicated above is read, the address of the first line is 

placed in the pointer for the block indicated by the 

terminating line. Note that if a tape is read which does 

not contain a terminating line, it will be read into the 

buffer but will not be linked to a block pointer and will 
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thus be inaccessible to the editor. Text for another block 

may immediately follow the terminating line. 

The contents of the .SYMBL table (data) is stored 

on paper tape in Dump Mode using a single .WRITE. It is 

preceded by a line containing: 

Z <— <r-

When the editor is loaded, the block output sub

routine (OUTBLK) is set up for paper tape output. This 

routine outputs the currently open block in much the same 

manner as LISTCB. 

Pressing the PUNCH TABLE TAPE button calls OUTBLK 

to punch out the contents of the currently open block. 

PUNCH PROBLEM TAPE enters a routine which calls OUTBLK 

repeatedly to punch out all blocks which are not empty and 

then enters the PUNCH DATA TAPE routine. This routine, 

which is also entered by pressing the PUNCH DATA TAPE 

button, outputs the entire contents of the .SYMBL table 

using a Dump Mode .WRITE. 

Only one button, READ PROBLEM TAPE, is provided 

for paper tape input. Pressing this button calls" the 

subroutine INFILE, set up for paper tape input. This is 

the general text input subroutine whose general operation 

has been described previously. This subroutine also checks 

for the Z <—<— line indicating that the contents of the 

.SYMBL follows in Dump Mode and reads in this data 

correctly. 



CHAPTER 8 

THE DARE I TRANSLATOR 

The DARE I translator processes the contents of the 

21 source program blocks and constructs two or more FORTRAN 

subroutines, which will be subsequently processed by the 

FORTRAN compiler. The translator makes one scan through 

each source block except for the Derivative and Logic 

Blocks, each of which is scanned twice. The word scan 

rather than pass is used since the entire source program 

is stored in the fast random access memory. Any part of 

the text can be freely accessed at any time during the 

translation process; there is no need to read a sequential 

input record which is available only one element at a time. 

The term scan is used to refer to a processing step which 

looks at each line in a block, usually but not necessarily 

in serial order. 

The translator will optionally produce teletype 

listings of the original source program and of the trans

lator output. These listings are produced if accumulator 

switches 9 and 10, respectively, are on. 

8.1 Translator Subroutines 

Before describing the operation of the translator, 

it is necessary to describe the functions of a number of 

118 
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text-handling subroutines. As described in Chapter 7i the 

source problem is stored in a number of threaded lists in 

core, with a 5-7 packed ASCII line as the basic list 

element. The translator must perform several basic text-

manipulating operations on the contents of the lists, among 

which are: 

1. Initialization of a list; this involves the setting 

up of pointers to allow access of the sequential 

contents of the list (block). 

2. Accessing of a logical line; making a line 

(including continuation lines) available for 

processing. 
t 

3* Accessing a character; getting the next character 

for processing. 

4. Re-accessing a line; resetting line pointers to 

rescan the current line. 

5* Deleting a line; removing a line, including 

continuation lines from the threaded list. 

6. Putting a line at the end of the list. 

7• Outputting a line. 

In addition to these functions, the ASCII 5-7 packing and 

unpacking operations describ.ed in Chapter 7 must also be 

performed. Since the translator uses 6-bit code (three 

6-bit characters packed in one l8-bit word) for the symbol 

tables, packing and unpacking routines for the 6-bit code 

are also provided* 
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The subroutine INITBK sets up pointers to make a 

list available for processing. At entry, FIRST must point 

to the first-line pointer for the list. If the list is 

empty, control returns to the location following the sub

routine call; if it is not empty, this location is skipped. 

The location MEMl is set to point to the first line in the 

list. 

To access a logical line, the subroutine GETLIN is 

used. When this subroutine is called, the location MEMl is 

advanced to point to the next physical line, and that line 

is unpacked into BUFFB (the same buffer used by the editor). 

The first word of BUFFB is set to point to the start of the 

buffer. A character is fetched from the unpacked line 

using the subroutine LOADX. This subroutine loads the 

accumulator with the next non-blank character from the line 

in BUFFB. If the end of a line is reached, the next line 

from the list is unpacked and the first character is 

checked for a 8 (continuation code). If it is a $, the 

next character is returned. If not, a carriage return is 

returned to indicate the end of the logical line, and a 
* 

flag is set indicating that the next physical line is un

packed . 

In some cases it is necessary to rescan a line from 

the beginning. A subroutine RECOVR is used to reset the 

line pointers back to the start of the current line. If 

the first physical segment of the line is still in the 
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unpacked buffer (no continuation and next line is not un

packed yet), this requires only that the BUFFB pointer be 

reset. If the first segment is not in the buffer, MEMl 

is reset to point to this segment and it is unpacked again. 

Two subroutines are provided for manipulating 

complete logical lines. DELIT deletes the current line, 

and PUTEND moves the current line to the end of the block 

and positions the line pointers so that the line following 

the current line will be fetched next. Both of the 

routines require that the first segment of the line after 

the current line be unpacked. . 

Three levels of text output subroutines are avail

able. At the lowest level, PUTLIN outputs one physical 

line to the device associated with the DAT slot indicated 

by the locations DATPL1 and DATPW1. The line is also 

output to the teletype (DAT slot -12) if the location 

LISTSW contains a SKP instruction. If it contain a NOP, 

teletype output is suppressed. When PUTLIN is called, the 

accumulator must contain the address of the line to be 

output. The next higher level provides output of a complete 

logical line. The subroutine LINOUT calls PUTLIN as many 

times as required to output the current logical line* At 

the highest level, an entire block is output by calling 

OUTBLK. The location FIRST must point to the first line 

pointer for the block* 
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The 6-bit packing subroutine, PACK6, combines the 

functions of line scanning and packing. Each time this 
i 

subroutine is called the unpacked line in BUFFB is scanned 

for the current character and the next variable name 

encountered is packed into the 2-word buffer TEMBUF. 

Control is returned to one of the four locations following 

the JMS as follows: 

1. If the variable name is too long 

2. If the end of the logical line was encountered 

without finding a name to pack 

3. If the name was followed by a left parenthesis 

(indicating a function done) 

4. Otherwise (normal return) 

The subroutine UNPJfC6 is used to unpack up to six 

6-bit characters from two words. The calling sequence is: 

JMS UNPK6 
address of input word pair 

Unpacked output is placed in BUFFD, starting at the current 

character position. BUFFD is an additional unpacked line 

buffer used by the translator. Its format is the same as 

BUFFB. 

Two subroutines are used by the equation-processing 

routine to manipulate the symbol tables. TABLOK is used to 

determine if a variable name is already in a table. Its 

calling sequence is: 
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JMS TABLOK 
table address 
not found return 
found return 

It compares the variable name which has previously been 
* 

packed into TEMBUF with each entry in the table. If the 

name is found in the table the A.C contains the address of 

that entry when control is transferred to the found return. 

This address is used when a name is deleted from a table. 

A name is inserted in a table using the subroutine TABENT. 

The calling sequence for TABENT is: 

JMS TABENT 
table address 
table overflow return 
normal return 

The name in TEMBUF is inserted into the specified table. 

8.2 File Organization 

It will be useful to briefly discuss the organiza

tion of files on the DARE I System scratch tape. The 

translator works directly with three files: 

1. EQUSTR SRC: This file is used to store the contents 

of the text buffer before translation. When the 

user wishes to edit his source program again^ the 

buffer is recovered from this file. 

2. SRCLIB SRC: This is the output file for the 

translator. It will contain a number of FORTRAN 

subroutines which will be subsequently compiled by 

the FORTRAN compiler. 
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3« OUTSTR: This file contains only the contents of 

the Output Block. It is not produced if the Output 

Block is empty. 

A fourth file, .LIBR BIN, is written on the scratch 

tape by the compiler. This file contains the relocatable 

object program produced by the compiler. 

8.3 Translator Operation--General 

Initially, the translator outputs the entire buffer 

area to the file EQUSTR by repeatedly calling OUTBLK. A 
a 

source program listing is produced at this time if it is 

required (AC switch 9 up). 

The translator next outputs the 9 FORTRAN blocks 

into the file SCRLIB without any changes to the coding. 

The subroutine OUTBLK is also used here. This file is left 

open, and all subsequent output (except for OUTSTR, which 

is output last) is into this file. When SCRLIB is opened, 

AC switch 10 is examined, and LISTSW is set to produce an 

output listing if desired. 

After the FORTRAN blocks are output, an initial 

scan of the Derivative Block is performed. This scan 

makes up symbol tables and also processes the special DARE 

I statements. After this, the Logic Block is scanned, 

completing the symbol tables and processing the DARE I 

Logic Block Statements. Now that the symbol tables are 

complete, the Derivative Block is scanned again. The 
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source equations are sorted for proper computational order 

and are output to SRCLIB along with the required subroutine 
» 

and COMMON statements. Next, the Logic Block is output, 

after the addition of the necessary COMMON statements to 

provide linkage to the Derivative Block. 

The Table Blocks are processed next. Each Table 

Block translates into a FORTRAN function containing the 

table elements in DATA statements and a call to the proper 

table function evaluating routine. 

Following the Table Blocks, one or more generated 
m 

subroutines are output, completing the output to the file 

SRCLIB. The Output Block is then output to the file OUTBLK, 

completing the translation. 

If any of the blocks are empty, these blocks are 

skipped in the above procedure. A simple problem consisting 

of only a Derivative Block generates only two subroutines, 

while a large problem could generate as many as twenty-two. 
i 

8.k DARE I Program Structure ; 

Before describing the processing performed on the 
| 

Derivative and Logic Blocks in detail, it is necessary to 

outline the structure of the FORTRAN programs produced. 

The contents of the Derivative Block, milius unexecutable 
i 
i 

statements, forms the subroutine DIFFEQ, along with 

generated COMMON statements which place all variables used 
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in the Derivative Block in COMMON. The following named 

COMMON blocks are used: 

STATEV Contains all State Variable names. 

STADER Contains the names of all derivatives associ

ated with the State Variables. The derivative name 

is generated by placing the letter Z after the 

State Variable name. 

DEFVAR Contains the names of all Defined Variables. 

UNDVAR Contains the names of all Input Parameters. 

SYSVAR Contains the names of all System Variables and 
j a 

Parameters. 

These same COMMON statements are also put in the 

subroutine LOGICX,1 which is otherwise made up of the 

contents of the Logic Block. 

Three generated subroutines are produced as the 

result of processing certain DARE I statements. The first 
| 

of these, which isj always produced, is named REDSYS• This 

subroutine reads the required System Parameter values from 

i 
the .SYMBL table at run-time. It contains only a READ and | 
a FORMAT statement! and a COMMON/SYSVAR/ statement. The 

variable list of the READ statement is made up from the 
j 

information contained in the .METH table in the monitor. 
j 

The next subroutine, RUNDIS, is generated whenever a 

DISPLAY statement is present in the Derivative Block. It 

contains a single statement, which is a call to one of the 
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three run-time display routines, The remaining generated 

subroutine, TERM, is generated if a TERMINATE statement 
i 

appears in the Derivative Block. It contains all of the 

COMMON statements described above and a logical' IF state

ment, whose logical expression compares the arithmetic 

expression from the TERMINATE statement with zero. If the 

expression is less than zero, a subroutine call to the 

main run-time system routine, which terminates the run, is 

executed. 

8.5 Derivative Block Processing-First Scan 

The first scan of the Derivative Block looks at 

each line, taking the lines in the order written. Each 

line is accessed by calling GETLIN, The first six 

characters in the line are first compared to the string 

PROCED to determine if the statement is a PROCED statement. 

If it does not match, the line pointers are reset by calling 

RECOVR and the line is scanned one character at a time 

until an equal sign, apostrophe, or the end of the line is 

encountered. If an equal sign is found,' this line contains 

a DARE I Equation; if an apostrophe, it contains a State 

Equation. If the scan continues to the end of the line 

without encountering either, the line contains one of the 

specified statements. This procedure provides a 3-way 

branch to the proper routine to process each type of line. 
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In general, the procedure for processing an 

equation is to scan through the line with PACK6, packing. 
1 

each variable name into TEMBUF. A check is made to 

determine which table (if any) the name is already in and 

the name may then be inserted in another table. The 

particular tables used depend on the variable's type and 

position in the line, as described below. 

When a DARE I Equation is processed, the variable 

on the left of the equal sign is packed, and the tables 

DERTAB) STATAB, and SYSTAB are checked for the variable. 
1 

If it is found in any of these, an error is announced. The 

DNDTAB table is also checked and if the name is found it is 

deleted from this table. Finally, the name is inserted in 

DERTAB, and the right side of the equation is scanned. 

Each variable name encountered is packed and looked for in 

the DEFTAB, STATAB, UNDTAB, and SYSVAR tables. If it is 

found, no action is taken; if not, it is entered in the 

UNDTAB table. 

If the equation is a State Equation, the left-hand 

variable name is looked for in the DEFTAB, STATAB, and 

SYSTAB tables as above, and an error is announced if the 

name is found. Otherwise the name is entered into the 

STATAB table and a new name, made by adding a Z to the 

variable name, is packed and entered'into the DERTAB table. 

The right-hand side of the equation is processed in the 

same manner as described above. 
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If the line is found to be a specification state

ment , the start of the line is compared to each DARE I 

specification statement name. If no match is found, an 

error is announced. 

A DISPLAY statement is not processed when it is 

encountered. Instead, its address in the text buffer is 

saved, and it is processed after all other statements. At 

this time, it is determined which of the three display 

routines is to be used from the format of the variable list 

and the proper subroutine call is output as part of the sub 

routine RUNDIS. Also, the position of the variables to be 

displayed in the STATAB or the DEFTAB is determined and 

this information placed in the .SIM table for use by the 

display routine at run time. 

The TERMINATE statement is also not processed until 

after the second scan. At this time, the expression given 

in the statement is output as part of a logical IP state

ment in the subroutine TERMIN. 

When a NO STORE statement is encountered, the 

location in the .SIM table which indicates the storage 

mode (.SIM+15) is s©"t "to +lj which indicates that no mass 

storage output is desired. 

Processing of a POINTS statement sets .SIM+0 to the 

number given in the statement to indicate the number of 

output points desired. Initially, a .SIM+0 contains 256, 

which is the maximum allowable number of points. All four 
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specification statements described above are deleted after 

they are processed. 

When a line is first fetched, it is determined 

whether the line is a PROCED statement. If it is, it is 

processed in much the same manner as a DARE I Equation, 

except that multiple variable names are allowed before the 

equal sign. This statement is not deleted after processing 

during this scan. All statements following a PROCED state

ment are processed by a different routine, which fetches 

each line and checks for an ENDPRO statement only. After 

the ENDPRO. statement, normal processing resumes. 

This completes the description of the first scan of 

the Derivative Block. Next, a similar scan is made of the 

Logic Block. This scan is somewhat simpler, since only the 

special DARE I statements are processed. The INPUT and 

OUTPUT statements are processed by adding'the variable names 

given in the list to the appropriate symbol table, after 

checking that they are not already in a contradictory table. 

Variables appearing in an INPUT statement are placed in the 

UNDTAB table, and those appearing in an OUTPUT statement 

are placed in the DEFTAB. Both statements are deleted 

after processing. The CALL J5H0W statement is processed 

like the OUTPUT statement, except that it is not deleted. 

When a CALL STORE statement is encountered, .SIM+15 is set 

to -1, indicating cross-plot output. The statement is not 

deleted. 
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8.6 Derivative Block Processing—Second Scan 

After completion of the Logic Block scan, the 

Derivative Block is reinitialized for the second scan. At 

this time, the Derivative Block contains State Equations, 

DARE I Equations, and Procedural sections, which are not 

necessarily in the proper computational order. The second 

scan sorts the elements into the proper order and outputs 

them to the file SRCLIB. 

Before sorting, the necessary COMMON statements are 

output. Those COMMON statement establish the following 

named COMMON blocks: 

STATEV Contains the names of all State Variables from 

the STATAB table 

STADER Contains the names of all State Derivatives from 

the DERTAB table 

DEFVAR Contains the names of all Defined Variables from 

the DEFTAB table 

UNDVAR Contains the names of all Input Parameters 

(undefined variables) from the UNDTAB table. 

The variables are listed in the same order as they are 

entered in their respective tables. Also, a COMMON/SYSVAR/ 

statement, containing all Syjstem Variable and Parameter 

names, is generated. 

These COMMON statements are generated by the sub

routine COMLIN, which unpacks a line of the form COMMON/ 

STATEV/ for each statement and then calls ADDLIST, jffhich 
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adds the names from a specified symbol table to the un

packed line. The COMMON/SYSVAR/ statement is stored in its 

final form and is simply output without processing. 

The sorting procedure ensures that all variables 

have been assigned values before they are used by the 

program. There are three types of variables which may 

i 
appear on the right side of an equation: j State Variables, 

Defined Variables, and Input Parameters. Input Parameters 

are assigned values before a run starts, and are, thus, not 

considered when'sorting. The same is true of State 

Variables. Defined Variables, on the other hand, are 

assigned values by equations in the Derivative Block. The 

equation which defines (assigns a value to) a Defined 

Variable thus must be executed before any equation in which 

that variable appears on the right side. This is the one 

criterion which must be satisfied by the sorting routine. 
! 

The sorting routine uses an additional table, 

TEMTAB, to keep track of the order in which Defined 

Variables appear. This table is empty at the start of the 

sort. The sorting procedure is to look first at each 

Defined Variable on the right side of an equation or PROCED 

statement. If the variable is entered in the TEMTAB table, 

the scan continues. If not, that line is moved to the end 

of the block by calling PUTEND. If the end of the line is 

successfully reached, the left hand variable, if it. is a 

Defined Variable, is entered in TEMTAB, and the line is 
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output. Thus, at any time the table TEMTAB contains the 

names of all Defined Variables which have already appeared 

on the left side of an equal sign in an equation or PROCED 

statement. It should be noted that for the purposes of 

sorting, a PROCED statement is syntactically the same as a 

DARE I Equation, except that a PROCED statement allows 

more than one variable on the left side of the equal sign. 

A PROCED statement is output somewhat differently, however. 

The statement itself is not output. All following state

ments, up to but not"including the ENDPRO statement are 

output without additional processing. Also, whenever' a 

PROCED statement is moved to the end of the block, the 

entire Procedural Section following it is moved also, as a 

single unit. Thus a complete Procedural Section is sorted 

like a single equation. 

If the equations in the Derivative Block are in 

exactly reverse order, N*(N-l)/2 sorting operations 

(placing a line at the end of the block) will be required, 

where there are N equations in the block* If the trans

lator has to perform more than this number of sorting 

operations, it is assumed that an implicit loop exists in 

the program; an appropriate jerror message is output, and 

translation is terminated. 



13^ 

8.7 Translation Clean-up 

After the Derivative Block is output as the sub

routine DEFFEQ, the Logic Block is output as the subroutine 

LOGICX. The subroutine COMLIN is used to output COMMON 

statements, followed by the contents of the Logic Block, 

without further modification (the Logic Block was modified 

during the first scan). 

At this time, the Table Blocks are processed. Table 

Block processing is relatively simple, since it is inde

pendent of the processing of the rest of the program, and 

since virtually no modification of the source coding is re

quired. The coding is simply inserted into standard state

ments stored in the translator. The function name from the 

first line is output as part of a FUNCTION statement. The 

count(s) following is examined to determine the type of 

table (one or two dimensional) and the number of elements. 

A DIMENSION statement is output for the required arrays 

followed by DATA statements which are made up from the . 

remaining lines in the Table Block. These are followed by 

a call to the proper table function evaluation routine, 

which is loaded from the library. 

This completes the translation. It remains to 

output the Output Block to the file OUTSTR and to make up 

the tables .SYMBL and .OUT in the monitor. The .SYMBL 

table contains the names of the required System Parameters, 

the State Variables, and the Input Parameters, in that 
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order. First, the required System Parameters, as deter

mined from the .METH table, are entered into the TEMTAB 

table. A subroutine, MKAREA, is then used to transfer the 

variable names from the tables TEMTAB, STATAB, and UNDTAB. 

This subroutine unpacks each name using UNPK6 and repacks 

them in 5-7 ASCII in the .SYMBL table. It is also used to 

make up the .OUT table from the contents of the STATAB and 

DEFTAB tables. 

The translator next loads the FORTRAN compiler or 
• 

reloads itself for additional editing, depending on whether 

or not any, errors were detected. 



CHAPTER 9 

MODIFICATIONS TO PDP-9 ADVANCED SOFTWARE 
SYSTEM PROGRAMS 

This chapter describes the changes made in the two 

PDP-9 Advanced Software System programs which are used as 

part of the DARE I System. These two programs are the PDP-9 

FORTRAN Compiler and the PDP-9 Linking Loader. 

9.1 FORTRAN Compiler 

The following seven changes have been made to the 

compiler: 

1. Command decoder modified to automatically process 

the file SRCLIB when loaded, and to exit to the 

linking loader when finished. 

2. The input routine has been changed to make only one 

pass of the source" file. 

3. Multiple subprograms are now allowed in a single 

source file. 

k. All REAL variables and constants are now auto

matically treated as DOUBLE PRECISION quantities 

(3 words of storage are used). 

5. Implicit-type definitions have been modified to 

make all names beginning with L LOGICAL. 

136 
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6. Error message output has been modified to produce 

more explicit messages. 

7. Several minor program "bugs" have been corrected. 

The command decoder in the Advanced Software System 

version of the compiler is the routine which reads a 

command from the system device and decodes it to determine 

what options are requested and what file name to use. The 

DARE I version does not require a command from the operator. 

It always reads the source input from the file SRCLIB SRC 

and produces object code output into the file .LIBR BIN. 

The other options, calling for a source listing, an object 

listing, or a symbol table, are executed if accumulator 

switches 11, 12, or 13, respectively, are up when the 

compiler is loaded. Since the listing file is always 

output to the teletype in this system, it is not given a 

name. This is not part of the regular DARE report generat

ing system, but is used only for debugging by professional 

programmers. 

The source program input routine was modified to 

make only one pass of the source file on tape, and to allow 

an indefinite number of subprograms to be contained in the 

single £ile SRCLIB. The basic change which made both of 

these features possible was to read the entire source 

coding for a subprogram into a core buffer, and then to 
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perform all compilation from this core buffer. The steps 

in compiling a single subprogram are: 

1. Read the entire subprogram into core. 

2. Make the first pass on the subprogram stored in 

core. 

3. Make the second pass on the program stored in core, 

with output to the file .LIBR on tape. 

When a subprogram is read in, the line beginning 

with <— <- which is produced by the translator as an 

end of block indicator., is used to indicate the end of a 

subprogram. This line is easier to detect than the END 

statement, since the text string END may be preceded by an 

arbitrary number of spaces, but the string always is 

at the beginning of the line. 

Object program output is written in the output file 

.LIBR, with no delimiters inserted between subprograms. 

Since this is the same format used for binary library files 

the linking loader is able to load these programs directly. 

This procedure provides significantly faster 

compilation with DECtape, since it eliminates one reading 

of the source file, with the associated directory access. 

It also makes possible processing of multiple subprograms 

in a single file, since otherwise, it would be necessary to 

back up to the beginning of the subprogram to start the 

second pass. This is not possible under the IOPS system. 
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The DARE I version of the compiler has been 

modified to treat all floating point quantities as if they 

were double precision. This change required the following 

modifications to various sections of the program: 

1. The symbol processing routine was modified to 

assume that all REAL variables are DOUBLE PRECISION 

2. The literal processing routine was modified to 

treat all floating point literals as DOUBLE 

PRECISION numbers. 

3. The type declaration processor was modified to make 

a REAL declaration equivalent to a DOUBLE PRECISION 

declaration. 

4. The FUNCTION statement processor was modified to 

make DOUBLE PRECISION the default assumption and to 

make a REAL declaration equivalent to a DOUBLE 

PRECISION declaration. 

With these changes, all variables are considered to 

be DOUBLE PRECISION internally to the compiler. Thus all 

subroutine calls to the various arithmetic routines 

reference the correct routines. The REAL arithmetic 

package is still available in the library, so that library 

routines written and compiled under the Advanced Software 

System may use both REAL and DOUBLE PRECISION variables, 

as long as all values transferred between these routines 

and DARE I compiled routines are DOUBLE PRECISION; 
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The DARE I translator makes no provision for 

handling type declarations in either the Logic or Derivat

ive Blocks. To make it possible for the user to utilize 

LOGICAL variables in these blocks, the arithmetic state

ment decoder has been modified to consider all variables 

beginning with the letter L to be of LOGICAL type. 

The Advanced Software version of the PDP-9 compiler 

indicates the type of error detected in the program being 

compiled by outputting a single letter. The user must 

then refer to a'table of error messages (unless he has 

memorized it) to learn what the error was. The DARE I 

version has been modified to output a short message which 

identifies the error without reference to a separate table. 

This modification required rewriting the subroutine which 

outputs error messages and inserting the new messages 

stored in 5-7 ASCII. This routine was also changed to set 

a flag which, when an error is detected, suppresses second 

pass processing. This was done since many false error 

indications can be given during the second pass when 

certain errors exist in the source program* 

The original version of the PDP-9 compiler contained 

several minor errors, some of which were corrected. The 

most serious of these was an error which prevented passing 

COMMON array names to a subprogram as an argument. The 

compiler indicated an extra level of indirect addressing in 

the argument linkage coding. This has been corrected. 



i k l  

Changes have also been made to the FORTRAN input-output 

package, to correct errors and to add new features. 

Previously, the P specification did not work correctly, and 

the G specification was not reliable for all output values. 

Also, E-Format numbers were not accepted as input. These 

errors have been corrected, and additional features were 

added. Count-free Hollerith fields delimited by * were 

added, and also all input data is now automatically right-

justified in the input field before it is processed. While 

this is a non-standard feature, it can be defended on the 

basis that it makes keyboard input much more natural. 

Input fields may also be terminated early by entering a 

s emicolon. 

9•2 Linking Loader 

In the DARE I System, the Linking Loader is used to 

load the user program, the integration routines, the main 

program for the Run-Time System, and any needed library 

routines. This required only changes to the command 

decoder. It was also desired to make the memory map output 

optional, which required some additional changes. The 

command decoder was, therefore, removed and replaced with 

a routine which: 

1. Makes up the file name of the integration routine 

using the method number stored in .SIM+11 by the 

translator 
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2. Loads this routine from the system tape (where it 

is stored as a BIN file) 

3* Loads the entire contents of the user library 

(produced directly by the compiler) 

k. Loads the first program in the system library as 
* 

the main program 

5. Searches the remainder of the system library, 

loading only those programs needed 

6. Links unsatisfied global names to COMMON blocks if 

possible 

7- Starts the main program. 

A memory map is printed on the teletype if accumu

lator switch l4 is up when the loader is loaded. The 

original version of the loader outputs the memory map in 

Image Mode. The DARE I teletype handler, TTB, will not 

accept Image Mode, requiring that the loading be modified 

to output in 5-7 ASCII. This required the addition of a 

standard text packing routine, similar to the editor/trans-

lator subroutine STORE. 
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THE RUN-TIME SYSTEM 

The DARE X Run-Time Syst.em is made up of a main 

program, an integration routine, the user subprograms, and 

any needed library routines. It performs two distinct 

operations: (l) inputs values for System and Input Para

meters and Initial Conditions, and (2) controls the execu

tion of the user's subprograms. The main program, DATRTS, 
i ^ 

performs both functions. 

10.1 Data Input Phase 

When DATRTS is loaded, control is transferred to 

the Data Input Routine* This routine continuously reads 

the three thumb-wheel switches on the control panel and 

reads values entered from the keyboard. It also displays 
I 

the current contents of the .SYMBL table on the screen as 
| 

shown in Figure 4.2. A routine is also provided which, when 

desired, lists the contents of .SYMBL on the teletype. 

! Output to either CRT or teletype is performed by 
I I 

the subroutine DATOUT. Each time this subroutine is 
i 

I 
called, it outputs one name and its value. The location 

AE R is used as a pointer to the name and must be set before 

DATOUT is called. DATOUT advances this pointer to the 

ne xt .SYMBL entry at each call. Normally, the location 
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following the call to DATOUT is skipped. It is not skipped 

if the end of the entries in .SYMBL is encountered. 

Another subroutine, FINNAM, is used to process a 

line from the keyboard, to search .SYMBL for the desired 

variable, and to insert a new value in this table. This 

subroutine may skip up to three locations following the 

call as shown: 

JMS FINNAM 
name not in table return 
format error return 
value too long return 
normal return 

• 
This subroutine is called after the line to be decoded has 

been read into the input buffer (BUFFA) in 5-7 ASCII. This 

line should contain a variable name followed by an equal 

sign, followed by an E, F, or I format number of ik or less 

characters. Spaces are ignored. FINNAM first unpacks the 

line and then repacks the name in 5-7 ASCII, left-justified 

in a word pair. It then scans the value and checks to 

determine that it is a valid E, F, or I format number. 

Assuming the value is acceptable, the subroutine then looks 

for the name in the .SYMBL table. Upon finding the name, 

it calculates the address of the corresponding value entry 

and packs the value into this area. If any error is 

detected, control is transferred to the corresponding 

location following the call to FINNAM without changing 

.SYMBL. 
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A simplified flow-chart of the Data Input routine 

is shown in Figure 10.1. It can be seen from this flow

chart that FINNAM is also used to process the values read 

from the three thumbwheel switches. 

Locations .SIM+12 to ,SIM+l4 are used to store the 

thumbwheel switch values in BCD. Each time a switch is 

read, its value is compared to the value stored in the 

corresponding location. If it is the same, no action is 

taken, and the next switch is read. If it is different, 

then a line is made up containing the System Parameter 

name associated with the switch and the value of the 

switch. This line is packed into BUFFA and is processed 

just like a line from the keyboard. 

10.2 Problem Execution 

Execution of the user programs is called for by 

pressing the START RUN button on the control panel. This 

transfers control to the routine diagrammed in Figure 10.2. 

First the decode facility is used to decode the values 

stored in the .SYMBL table under control of a FORMAT 

statement, as if the values were read directly from an 

input device. This converts the values to floating point 

and transfers them to COMMON blocks which are accessible 

to the user's subprograms (SYSVAR, UNDVAR, and STATEV). 

After the input values are transferred, the sub-

routine LOGICX is called. This is either the subroutine 
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produced from the user's Logic Block or the default rou

tine, if the Logic Block was empty. At least once, this 
v 

subroutine executes the statement: 

CALL RUN 

RUN is a library program which executes an actual 

differential-equation-solving simulation run, as T varies 

from 0 to TMAX. This subroutine first initializes the 

Run-Time Display and storage routines and saves the initial 

values of the State Variables. After setting T = 0, it 

enters a loop which repeatedly calls the integration sub

routine, INTRGX. This program loop also keeps track of the 

output times (communication interval) and turns on the 

strip lamps on the panel to indicate the progress of the 

solution. When T exceeds TMAX, the State Variables are 

restored to their initial conditions, and control is 

returned to the calling program. 

INTRGX can be one of several subroutines, which are 

loaded selectively, as determined by the position of the 

METHOD switch. , 

The integration routine calls the subroutine 

DIFFEQ, which was generated from the Derivative Block 

statements, to evaluate the .derivative values. Using these 

derivatives, the integration routine updates the State 

Variables, increases T, and returns to the calling pro

gram. The routine may call DIFFEQ several times per entry; 



1^9 

for example, the Fourth-Order Runge-Kutta routine calls 

DIFFEQ, four times. 

When a single differential-equation-solving run is 

complete, control is returned to the Logic Block, which 

can execute another run by calling RUN again or may 

terminate the study returning to the main program (DATRTS). 

10.3 Library Organization and Default Routine 

The DARE•I library contains both system routines, 

such as the tape output routine and display-driving 

routines, arithmetic subfunctions» such as the REAL package, 

and user-callable functions and subroutines, as listed in 

Tables 3*1 and 3*2. A library listing is shown in Figure 

10.3- There are several default routines which are loaded 

if certain translator generated functions are not produced. 

Thus, if the user does not define a Logic Block, the 

translator does not generate the subroutine LOGICX. In

stead, a version of LOGICX is loaded from the library. 

This program contains the following statements: 

SUBROUTINE LOGICX 
CALL RUN 
RETURN 
END 

In like manner, if a terminate statement does not appear . 

in the Derivative Block, no subroutine TERMIN is produced, 

and the library routine is loaded: 

SUBROUTINE TERMIN 
RETURN . 
END 



PROGRAM NAME PROGRAM SIZE 

DAIRTS 1723 
TAPOUT 147 4 
PRA. 674 
PPA. 571 
CAA. 63 
LOGICX 4 
RUN 51 5  
DIS1VT 1236 
DIS2VT 1761 
DISYVX 1272 
RUND1S 4 
SETDZS 16 
HOLD 152 
EVALU1 400 
EVALU2 1 126 
FOTF 554 
SOTF 1264 
STEPM 1063 
TERMIN 2  
SHOW 176 
CONPR 55 
SA TA K 65 
DXONE 74 
DEADX 74 
SAMPL 77 
SENSE 42 
DABS 16 
AINT 15 
I  DINT 13 
MOD 24 
Di'iOD 30 
FLOAT 11 
IFIX 13 
DSIGN 26 
ISICN 20 
DIM 22 
IDIM 15 
IMNMX 107 
DMNHX 106 
.BB 45 
.BC 50 
.BD 52 
.BE 24 
.BG 26 
•BF.BH 25 
DSQRT 70 
DSIN 13 

Figure 10.3 • Library file listing. 



PROGRAM NAME PROGRAM SIZE 

DCOS 21 
DA TAN 13 
DA TA N2 17 
DEXP 13 
DLOG 21 
DL0G12 22 
.DD 144 
.DB 116 
.DE 101 
.DF 137 
.DC 47 
OVERFL 16 
IOSEI 137 
SSWTCH 33 
GETfiAM 26 
.DA 47 
D1 IOS 3376 
.SS 57 
GOTO 26 
F10PS 524 
D1RTE 142 
INTEGE 11 6  
DOUBLE 142 
RE A L  1003 

Figure 10.3.--Continued 
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A somewhat more complex situation exists with 

respect to the display routines. There are three Run-Time 

Display subroutines: DISlVT, DIS2VT, and DISYVX. Each 

routine has two entries, one to initialize the routine and 

one to add a point to the display. The initialization 

entry is named SETDIS in all three routines. The display 

entry has the same name as the routine. The desired 

routine is selectively loaded, since the translator 

generates a subroutine (RUNDIS) which calls only one of the 

display entries. The routine is initialized by the Run-

Time System main program by calling a subroutine, SETDZS, 

which in turn calls SETDIS. SETDZS is in the library after 

the display routines. Thus, the loader is not searching 

for the SETDIS entry when the display routines are en

countered in scanning the library, and this entry will not 

cause loading. If the Derivative Block did not contain a 

DISPLAY statement, no RUNDIS subroutine is generated. In 

this case, a default version of RUNDIS, which contains . 

both the RUNDIS and SETDIS entries, is loaded. This sub

routine contains the following statements (Macro coding): 

.GLOBL RUNDIS, SETDIS 
RUNDIS XX 

JMP* RUNDIS 
SETDIS XX 

JMP* SETDIS 
.END 

This procedure of loading default routines is -

made possible by the fact that the loader searches the 
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library only on the basis of unsatisfied subprogram calls. 

Once a subprogram is loaded, its name is taken out of the 

search list. 

1 0 . O u t p u t  R o u t i n e  

The Run-Time System uses the subroutine TAPOUT to 

output solution values to tape. This subroutine operates 

the tape transports directly, using hardware XOT instruc

tions, rather than using the IOPS output routines accessed 

through the CAL Handler. This procedure is used to save 
s 

the time required by the CAL Handler. Additional time is 

also saved since TAPOUT double buffers the data transfers, 

while the IOPS tape handlers do not. TAPOUT contains two 

internal g word data buffers. Once each communication 

interval the RUN subroutine calls TAPOUT which transfers 

the STATEV and DEFVAR common blocks, along with the value 

of T (or RUNNO if a cross-plot is called for) to one of the 

buffers. When the buffer is full, transfer continues to 

the other buffer on tape. At DARE I processing speeds, 

the first buffer will nearly always be written on tape 

before the second buffer is full. Thus it is generally 

not necessary to wait for the tape. 

10.5 Run-Time Display Routines 

The three Run-Time Display routines are quite 

similar in overall structure. Two of them produce plots 

of one or two variables versus time, the third produces 
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a phase plane plot of one variable versus another. Each 

routine contains one k00Q word display buffer for each 

curve displayed plus a 200q  word axis buffer which contains 

the predetermined axis points. As described above, each 

routine has two entries: one for initialization and one 

to add a point to the display. The initialization entry 

calculates a scale factor for time so that TMAX is full-

scale (if the display is against time) and sets the number 

of points indicator to zero. Each time the display entry 

is called, the current value of T is multiplied by the 

scale factor and placed in the display buffer (if the 

display is against time) and the variable(s) to be dis

played is compared to the current full scale value. If 

the variable is less than full scale it is scaled into the 

buffer and that point is displayed. If it is greater, the 

full scale yalue is doubled repeatedly until it is larger 

than the variable. All points in the display buffer are 

rescaled and the current value is placed into the buffer. 
! 

If two variables are displayed against time, both 

variables are displayed with the same full scale value. 

The two variables shown in a phase plane plot are displayed 

with independent full scale values for each axis. 

All three display routines maintain the display at 

a 60 cycle refresh rate, using the PDP-9 clock to determine 

when the contents of the display buffer are to be output. 

This assures that a minimum of processor time is required 
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to maintain the display, since it is always refreshed at 

the lowest practical rate, regardless of the number of 

points being displayed. (A rate slower than 60 cycles 

produces objectionable flicker.) 

10.6 Other Library Routines 

The CALL SHOW statement (as described in Chapter 3) 

is also implemented using a library routine. It is a 

FORTRAN callable subroutine which compares the address of 

each argument to the address of the STATEV and DEFVAR 

common blocks to determine the position of the variable in 

its block. This information allows the routine to fetch 

the variable name from the .OUT table. The name and its 

value are then output to the CRT display; the name with a 

.WRITE and the value using the FORTRAN 1-0 package with a 

613.7 format. 

The remainder of the library routines are FORTRAN 

subfunctions or user callable functions and subroutines. 

The FORTRAN subfunctions have been taken from the Advanced 

Software System with few modifications. The modifications 

that have been made have been mainly concerned with the 

change from two to three word format for real variables. 

For example, all previous REAL routines have been deleted 

and the corresponding DOUBLE PRECISION routines have been 

modified so that they may be called by either the DOUBLE 

PRECISION or the corresponding REAL names (SIN now calls 
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the DSIN routine for example). Also, the input-output 

package (BCDIO, renamed DUOS after modification) was 

modified to work with three word REAL variables. 

Run-Time error messages are output by a subroutine 

OTSER in the Advanced Software System. This routine has 

been replaced by one named DIRTE which outputs descriptive 

error messages rather than error numbers. 



CHAPTER 11 

THE CONVERSATIONAL OUTPUT SYSTEM 

The DARE I Conversational-Output System (Overlay 5) 

provides output of the results of a simulation run or 

study to a number of devices. Temporary output can be 

obtained on three CRT displays (an alphanumeric display and 

two graphical displays). Hard-copy output can be produced 
s 

on a teletype (alphanumeric output), an X-Y plotter 

(graphical output), or a 4-channel stripchart recorder 

(graphical output). 

The Conversational-Output System may be divided 

into four main sections: Command Decoder, Mass Storage 

Access, Tabular Output, and Graphical Output. Each section 

is described below. 

11.1 Data Storage Format 

Before continuing with the description of the 

Output System it will be useful to briefly explain the 

format used for data storage on the scratch tape. Data is 

stored on tape with three WQrds for each numerical value, 

exactly as it is stored in core. The tape may be considered 

as a single large storage block even though the data is 

blocked into word records by the tape routines. 
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Blocking and unblocking are handled automatically by the 

tape input-output routines, and need not be considered in 

discussing the routines which use the recorded data. 

Data values are recorded in two areas on the 

scratch tape. All Output Variable values, plus the value 

of T or RUNNO are recorded once per communication interval 

in blocks 2^t6g-507g» The values are recorded without 

separation between variables. T is recorded first, 

followed by the other values, in the order in which the 

variables are entered in the .OUT table. 

The values of any one variable plus T or RUNNO can 

later be transferred to a different section of the tape, 

where they are preserved between problem runs. This area 

occupies from block 510g to the end of the tape and is 

divided into ^0^.0 "Save Areas" which are referred to by 

number. Data format in the Save Area is the same as 

described above. 

11.2 Command Decoder 

The Command Decoder uses a program written by 

Lawrence Shelley (1969) with only minor modifications. 

When Overlay 5 is loaded, the Command Decoder examines 

location .SIM+1 to determine whether the file OUTSTR is on 

the scratch tape. This is the file which contains the 

statements entered in the Output Block when the source 

program was written. If OUTSTR is present, it is opened 
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for reading, and each line in the file is processed as a 

command. If OUTSTR was not on the tape, or after all lines 

from OUTSTR have been processed, the input routine is 

modified to read commands from the keyboard. 

The command line should start with an Output 

Request (as listed in Chapter 4) followed by a list of 

variable names or Save Area numbers. A list of option 

values, consisting of one to three floating-point values 

or single letters, separated by commas and enclosed in 

parentheses,, may appear between the command and the list. 

In processing an input line, the command decoder first 

attempts to match the string of letters beginning the line 

to a table of command names. If no match is found, an 

error is announced. The option values are processed next. 

All characters between the parentheses are repacked into a 

buffer named OPTTAB for later processing with the decode 

routine. Commas are changed to semicolons to act as field 

separators for the FORTRAN input-output package. If no 

option values are present, then OPTTAB is set to zero. If 

single characters 'are given as option values, they are 

packed into OPTTAB as the values are. 

For all commands exc,ept STORE the variable name 

list has the format of names followed by Save Area numbers, 

possibly followed by T or RUNNO. The maximum allowable 

number of elements in the list is generally five (not 

counting T or RUNNO) .• The LIST command allows only up to 
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three elements. Only the DISPLAY and PLOT commands allow 

Save Area numbers as list elements, and then only if T or 

RUNNO is the last variable in the list (including a plot of 

one or more.variables versus time or run number). The 

command decoder makes up a table, named TABl, which con-
« 

tains the numbers of each list element. If the element is 

a variable name, then the corresponding TABl entry gives 

the position of the variable in the .OUT table.. If the 

element is a Save Area number, the TABl entry is the number 

plus 100f0fg. The variable names T and RUNNO are treated 

differently. They are ignored in all commands except 

DISPLAY and PLOT. If either name appears in the list for 

one of these commands, a program switch is set indicating 

that a time plot is desired. 

The variable list for the STORE command must contain 

alternate variable name and Save Area numbers. After 

checking for this format, the list is processed in the 

same manner as described earlier. 
t 

i 
After the command line is decoded, three more tables 

are made up (unless a STORE command is being processed). 

The first of these, TAB2, contains the numbers -of the 

requested names sorted into ascending numerical order 

(the order the variables are stored on the tape). TAB2A 

contains the numbers of the Save Areas referenced in the 

list (plus 1 JWq), al so in numerical order. TAB3 gives 

the position of each TAB2 entry in the command list. After 
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these tables are made up, control is transferred to the 

routine which processes the command given to the Command 

Decoder. 

11.3 Mass Storage Access 

Before describing the routines used to process the 

various commands, it is necessary to describe the mass 

storage access routine. In the current version of the DARE 

I System, this routine reads variable values from DECtape. 

Four subroutines are used: two for reading values recorded 
s 

during the preceding run and two for reading values from a 

Save Area. The subroutine PIKSET is used to initialize for 

reading values from the current run. When called, PIKSET 

resets the necessary pointers so that values will be read 

starting in block 2k6. One set of values (all values 

recorded for a single value of T or RUNNO) is read from 

the tape each time the subroutine PIKOFF is called. The 

variables indicated in TAB2 are placed in the COMMON block 

VA. The values are ordered using TAB3 so that the order of 

the values in VA is the same as the order of the names in 

the command line. This subroutine references the .SIM 

table to determine the number of values written on the tape 

at each communication interval. The subroutines PIKSET and 

PIKOFF are modifications of programs written by Jeffery 

Furman (1969)-
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Values are read from a Save Area using the sub

routine SAVSET and SAVOFF. SAVSET initializes for input 

from a Save Area, indicated by the contents of the 

accumulator when SAVSET is called. Each call to SAVOFF 

reads one set of values (the value of T or RUNNO and the 

corresponding value of the save variable) into the COMMON 

block VA. 

The above routines use the .TRAN function of an 

IOPS DECtape handler to transfer single blocks into a 

single buffer. .Only a small amount of processing is 

required here; thus no advantage would be gained by using 

double buffering. 

11.k Tabular Output 

Tabular output is generated in response to the 

LIST or PRINT commands. LIST produces output on the 

alphanumeric display and PRINT produces teletype output. 

In both cases, the output consists of a list of values for 

T and between one and five Output Variables (only three 

variables for the LIST command). Tabular output is 

implemented with a•FORTRAN subroutine named TABULA. 

FORTRAN is used here since it provides much simpler coding 

for floating point input-output operations than assembly 

language. This subroutine uses the option values which 

the command decoder had packed into the COMMON block OPTAB 

to determine the range of T and the increment of T desired 
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for the output. The values are converted from packed 

ASCII text to floating point numbers using the decode 

routine. When the LIST command is given, the increment 

for T is selected so that the output does not overflow the 

screen, overriding any smaller specified increment for T. 

Output is performed by a simple program loop which 

calls PIKOFF repeatedly until T equals or exceeds the nest 

output time. The values of the variables in the COMMON 

block VA (output of PIKOFF) are then output using a FORMAT 

statement which produces the maximum possible number of 

significant figures consistent with the number of variables 

being output. Three formats are used: G10.3, G13.6, and 

GI7.8. 

The number of lines per page is counted, and a 

heading is output at the top of each page. This heading 

includes the names of the variables being output. 

11.5 Graphical Scaling Routines 

When graphical output is requested, variables to 

be output are scaled and packed into display buffers in 

core before being output. All graphical output uses data 

packed two values per l8-bit word. These values represent 

either the values of two Output Variables or the value of 

one Output Variable and the corresponding value of T. 

Before describing the scaling and packing routines, it is 
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necessary to describe the buffer formats required by the 

various graphical output devic.es. 

The graphical CRT display and the X-Y plotter both 

employ the same buffer format. If a phase-plane plot is to 

be produced, only one buffer is used; this will contain two 

Output Variable values per word, giving the X and Y coordi

nates for each point on the curve to be displayed. If one 

or more variables are to be plotted versus time, then one 

to five buffers are used, one for each variable. Each word 

contains one Output Variable value (Y coordinate) and the 

corresponding value of T, the latter adjusted so as to 

place the abscissa zero on the left side of the screen. 

The stripchart recorder and the color graphical 

display also both employ similar buffer formats. The 

stripchart recorder uses the same two 9-bit-value-per-word 

scheme described above. The color display uses a word 

containing two 8-bit values, with the remaining 2 bits 

serving as indicators as to whether or not a point is to 

be displayed. The buffers for the color display are first 

generated as 9-hit value buffers and then converted to 8 

bits. Both of these devices are used only for output 

versus time. No control is possible of the abscissa on 

these devices; points are output with uniform abscissa-

value spacing. Thus, only ordinate values need be stored 

in the buffer. The values must be uniformly spaced, in 
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time. One or two buffers, which contain one or two values 

each, are used to store data for one to four curves. 

A flowchart of the scaling routine is shown in 

Figures 11.1 and 11.2. This routine assumes an initial 

-512 full scale value of 2 and increases it as needed to 

keep the curve being displayed from exceeding full scale. 

The option of scaling all curves to the same full scale 

value can be used only if the buffer format is one variable 

value and a time value per word. The routines which pack a 

variable value into the right half (abscissa) of a word do 

not allow ."coupled" rescaling• 

After the scaling operations are complete, the 

display buffers are modified for the S or C option, if it 

is requested. The S option (separate curves) is effective 

only with the DISPLAY or PLOT commands, and only if two or 

three variables are to be output versus time. Otherwise 

the option is ignored. Each display buffer is processed 

by division of the ordinate in each word by 2 or 3i 

depending on how many curves are to be produced; an offset 

is added to separate the curves. If the C option (use 

color display) is requestedj the buffers are converted to 

8-bit color display format eyad the trace-on bits are set 

properly. 

After the display buffers are prepared, the name 

of the variable for each trace (obtained from the .OUT 

table) and the full-scale value for the trace, along with 
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the actual value of TMAX are displayed on the alphanumeric 

CRT display* If the C (color display) option is in effect, 

the color used for each trace is also indicated. 

11.6 Graphical Output Routines 

The graphical output routines are used to output 

the display buffers to the various graphical devices. 

11.6.1 Graphical CRT Display 

Display buffers are output to the Graphical CRT 

Display one at a time, using the PDP-9 data channel. The 

sequence used is shown in the flowchart in Figure 11.3• 

Before each buffer is output, the Trace Finder buttons are 

checked, and the next buffer is skipped if the corresponding 

button is down. This routine continues until the user 

presses a button on the control panel requesting another 

operation. 

11.6.2 X-Y Plotter 

Output to the plotter is word-by-word, using 

program-controlled transfers rather than the data channel. 

The axis buffer and each display buffer are output only 

once. The time delay between outputs is calculated as a 

function of the distance which the recorder has to travel 

using the following formula: 

Td = (4*/(X1-X2)2+ (Y^Yg)2 + 128)*1.5*10~3+5X10"3 
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where is the approximate delay in seconds. The last 

additive factor is approximately the time required for the 

calculation, which is performed partly using floating-point 

arithmetic. 

11.6.3 Stripchart Recorder 

The stripchart recorder is also driven using 

program-controlled transfers. Two buffers are always 

output together, with a fixed time interval of about 0.15 

second. No axis buffer is output. 
% 

11.6.^, Color Display 

The color display driving routine is a much simpler 

version of the graphical CRT display routine. One or two 

display buffers are output alternately, using the data 

channel. No axis buffer is output, since the color display 

produces a hardware generated graticule. The Trace Finder 

buttons are not used, since each trace is uniquely identi

fied by its color. The color combination used is fixed as 

follows: 

Background DARK 
Graticule BLUE 
Trace 1 RED 
Trace 2 GREEN 
Trace 3 . AQUA 
Trace k WHITE 

11.7 The STORE Command 

The STORE command is used to transfer variable 

values to one of the Save Areas on the scratch t.ape for 
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reference and comparison after subsequent runs. Each 

variable name—save number pair in the argument of a STORE 

* 

command—is processed independently. All values of the 

requested variable, along with the corresponding values of 

the independent variable, T, are read into a core buffer 

from the tape and are then rewritten in the specified Save 

Area. The buffer uses the same storage scheme as the 

display buffers. 



CHAPTER 12 

SUMMARY AND SUGGESTION FOR FURTHER DEVELOPMENT 

This paper has described the DARE X continuous 

system simulation system, first from the viewpoint of the 

user wishing to employ the system for solving practical 

problems in continuous system simulation, and then from the 

viewpoint of the system designer who may wish to improve 

the DARE I System. The DARE I System was developed to 

combine the advantage of all-digital simulation with analog-

computer-type on-line operation. It is felt that this goal 

has been fully attained. The combination of the CRT Editor, 

the interactive operating system, and the simulation control 

panel permits simulation which has much the same "feel" as 

analog-computer operation. The user can set up a problem, 

run it, and modify the original problem many times if 

desired. Compared to a fast analog computer, DARE X 

solution speed is quite slow. It compares much more 
i  • 

favorably with the more common "slow" analog computer. It 

must be remembered, however, that the DARE I System employs 

a very small and inexpensive digital processor, and that 

total solution time on an analog computer usually includes 

several hours of problem setup time. Using the DARE I 

Language, on the other hand, problem setup time is very 
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short. Thus for problems requiring only a few runs, the 

DARE I System can sometimes beat even the fastest analog 

computer in total solution time. If many solution runs are 

required, as in Monte Carlo studies, the fast analog 

computer is in a completely separate class. 

There are several ways in which the DARE I System 

could be improved. The most serious limitation of the 

original system is the long execution time for simulation 

problems. Floating point operations, needed by the DARE I 

System for all arithmetic, are implemented by software 
* 

routines on the PDP-9, requiring about 400 (isec per opera

tion. This figure could be reduced to about 30 l^sec with 

the addition of floating-point hardware (Huey, 1969)• This 

would produce at least a 10-fold improvement in solution 

speed for DARE I programs. Such an improvement would make 

a great difference in the size of problems that could be 

solved in a reasonable length of time. It would, for 

instance, make it practical to use DARE I to solve many 

optimization problems that would simply require too much 

time with the current version. 

Several features could be added to the language 

itself. One of these is a macro processor. This would . 

allow the user to define source-language macros, which 

would be inserted into the program coding wherever the 

macro is called. This would be•equivalent to defining a 

Procedural Section automatically by writing only an 



17^ 

identifying name. A number of other special statements 

would be useful, such as an ERROR statement used to declare 

which State Variable a variable step size integration rule 

would employ in its error checking routine. 

In solving some problems, it is helpful to employ 

different integration rules and/or different step sizes 

for different parts of the system under study. This could 

most conveniently be provided by allowing two (or more) 

Derivative Blocks, with independent integration routines 

provided for each. This idea could be further expanded to 

permit the definition of general nib order linear transfer 

function blocks, defined by their A, B, and C matrices 

(Wait, Trevor, and Puis, 1969)- This is probably the most 

difficult feature to add to the system, especially if 

different step sizes are allowed in the different blocks. 

Many additional functions could be added to the 

DARE I library. One of these is a fixed or variable Time-

Delay function. 

As mentioned previously, an important application 

foreseen for the DARE I System is the development- and 

testing of numerical integration routines. Thus it is 

expected that many additional integration routines will be 

made available. 

There is also the possibility of incorporating in 

DARE I the capability of solving hybrid-computer problems 

involving digital control of a high speed analog computer. 
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This may be practical after a floating-point arithmetic 

unit is developed for the PDP-9, and the DARE I System is 

modified to use it effectively. Currently the DARE I 

System is too slow for high-speed hybrid-computer work. 

The DARE I System imposes conflicting requirements 

on a computer. It would be desirable to use a fast and 

powerful machine in order to reduce solution times as much 

as possible, but the central processor is almost completely 

idle while the program is being edited, or while the user 

is thinking about the problem. It is not usually practical 

to use a large computer in this way. The PDP-9 provides a 

useful compromise, but implementation on some type of 

time-sharing system might be better. A hypthetical 

installation might employ a small PDP-9, PDP-15, or PDP-11 

as a terminal for text editing and graphical display. This 

terminal would then be connected to a large time-sharing 

computer, such as a PDP-10 or Sigma 7) which would perform 

fast compilation and program execution. A system of this 

type, using a"CDC 6^00—PDP-9 combination, is currently 

being studied for implementation of the DARE III System. 



APPENDIX A 

SIMPLIFIED OPERATING INSTRUCTIONS 

The DARE I System employs a simulation console for 

program and data input and result output. This console 

contains two CRT displays, one for graphical and the other 

for alphanumeric output, a typewriter-like keyboard and a 

simulation control panel, which is organized much like the 

mode control panel of an analog computer. 

The system to be studied must be described by a set 

of first-order differential equations. Equations are typed 

using standard FORTRAN arithmetic replacement statement 

format. Differentiation with respect to time is indicated 

by an ' following a variable name. An ' may appear only 

just before an equal sign. The independent variable is 

always represented by T. Other variable names may consist 

of between one and five characters. They must not begin 

with the letters I through N and must not contain the 

letter Z. 

A DARE I statement is available which calls for 

output on the run-time graphical display. It has the form: 

DISPLAY X, T 
or DISPLAY X, Y, T 
or DISPLAY X, Y 

where X and Y are any variable names defined in the problem 
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definitions and T is the independent variable. A display 

of the first variable(s) versus the last variable in the 

list is produced. Scaling is automatic. 

An example of a DARE I program which solves Van 

der Pol's Equation and displays a phase plane plot of the 

result is: 

X' = Y 
Y' = U*(l. - X*X)*Y - X 
DISPLAY X, Y 

Input is handled automatically by the system as 

described below. 

To use the DARE I System, one must mount the DARE I 

System tape on unit 0 with WRITE locked and mount a scratch 

tape on unit 1 with WRITE enabled (any data previously re

corded on the scratch tape will be erased). Load the 

Advanced Software System Bootstrap by setting the address 

switches to 37637 and pressing the 1-0 RESET and READIN keys 

on the PDP-9 console. This has usually been done before a 

simulation session. For normal operation all accumulator 

switches must be down. 

When the DARE I System is ready for program input, 

the TYPE EQ.NS light on the control panel is turned on. 

After typing in the problem definition, the METHOD switch 

should be set to indicate the desired integration routine. 

For simple problems, it is suggested that either method 1 

(4 point Runge-Kutta) or method 3 (2 point Runge-Kutta) 

be used. The user then presses the COMPILE button to 
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compile and load his program. When the user's program is 

loaded, the TYPE DATA light is turned on, and a list of the 

parameters and initial conditions requiring numerical 

values is displayed on the alphanumeric CRT. Values are 

entered from the thumbwheel switches (if a fixed-step 
< 

integration method is used, only the TMAX and DT switches 

are used) and from the keyboard. A value of about 0.001 

times TMAX for DT is a good starting value for many simple 

problems. Values are entered from the keyboard by typing 

the name of a variable, followed by an equal sign, followed 

by a value in I, E, or F format. 

DARE I User's Check-list 

1. Turn on computer and load DARE I System 

2. Type in the problem definition 

3. Press COMPILE (on DARE I control panel) 

k. When the TYPE DATA light comes on, enter parameter 

and initial condition values 

5. Press START RUN to run the problem 

6. When the RUN FINISHED light comes on, press button 

for next function as follows: 

START RUN--to rerun the problem with the same data 

RESET—to change the data 

RESTART--to modify the problem definition 

SELECT DISPLAY--to obtain additional output. 
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CLEAR—to reload the system, destroying the current 

problem definition 



APPENDIX B 

DARE I INTEGRATION ROUTINES (Wait, 19&9) 

There are currently five integration routines 

available for use in the DARE I System. Each routine is 

described briefly below. 

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) + (Kx + 2Kg + 2K ' + 2K^) 

where 

TIT 
Kx = GN [Y(T),T] • ~-

K2 = ON [Y(T) + Kx, T + ~ 

- GN [Y(T) + K2, T + ] • DT 

= GN [Y(T) + K3, T + DT] • DT 

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. 
\ 
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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 algo

rithm is (scalar case) 

Y(T + DT) = Y(T) + (Kx + Kg) 

where 

K = GN [Y(T),T] • DT 

K2 = GN [ Y(T) + KX,T+DT] • DT 

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 variable step 

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

algorithm is 

Y(T + DT) = Y(T) + ~ (Kx + + I^) 

where 

Kx = HI . GN [Y(T), T] 

K2 = HI • GN [Y(T) + Kx, T + -I] 
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* GN [Y(T) + ^4^-, T + 

K, = ̂  . GN [Y(T) + -g- Kx + |- K , T + |21] 

K5 = T* ' GN [Y(T) + 2 K1 ~ 2 K3 + 6 Kfc' T + DT^ 

The truncation error estimate is 

ERROR =0.2 iK1 - + 4K^ - 0.5 

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 

PPT FTTH ERROR(l) 
BELBRR -|Y<I)| + |flY(l)| + 1 

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. 

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 
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DT = DTMIN, this fact is signalled on line 16. 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: 

) if not specified 
by operator 

DTMAX = DT 

DTMIN = 0.0625 DTMAX 

EMIN = 0.015625 EMAX 

Logical variables D, E, and F assure that if the step size 

is halved, it will not be doubled on the next interation, 

and vice versa. 

The programs are adapted from those written by E. 

Clish, as a term paper project. 

Method 3' Predictor-Corrector 

Method 5 uses a four-point predictor-corrector- rule 

with variable step size. This is also a variable step-size 

algorithm that uses a four-point Adams-Moulton predictor 

and a four-point Adams-Moulton corrector, as follows (Korn 

and Klerer, 1967): 

YP = Y + [ 5 5  GN - 5 9  GN . + 37 GN „ - 9  GN _] n+1 n 24: n n-1 n-2 n-3 

then 

GNP _ = f(t ^ , YP _ ) 
n+1 n+1' n+1 
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finally 

YC = Y + §£ [ 9  GNP + 19 GN -5 GN _ + 6N ] 
n+1 n 2 k n+1 n n-1 n-2J 

and 

GN - = f (T _ , YC ) 
n+1 n+1' n+1 

The numerical truncation error is estimated to be: 

Error = S (YPn+l "yC„+1> 

No "mop-up" modification of the predicted or corrected 
0 

values is used. When the step size is to be halved the 

four-point Runge-Kutta routine ZRK^R is called for restart. 

The step size is doubled only if the last six 

values of the state variables and derivative functions are 

available from calculations at the current step size. 

The criteria for step size changing are otherwise 

similar to those for the Runge-Kutta Merson. 

This routine was written by F. T. Scanlon (1969) 

and modified by J. V. Wait ( 1 9 6 9 ) -



APPENDIX C 

INSTRUCTIONS FOR ADDING INTEGRATION ROUTINES 

Each integration method for use in the DARE I 

System should be in the form of a PDP-9 FORTRAN IV sub

routine in the following format: 

1. The subroutine name must be INTRGX. 

2. It must have no arguments. 
\ 

3. The file name used must be METHDn, where n is the 

number of the integration method (if the number is 

111, or 12, n is the character or <, 

respectively). 

k. It must use the following named common blocks for 

communication with the rest of the system. 

a. /STATEV/ - this block contains the state vari

able values. 

b. /STADER/ - this block contains the state deri

vative values. (Both of the above blocks must 

contain 20 DOUBLE PRECISION variables.) 

c. /SYSVAR/ T, DT, TMAX, IZOUT, DTMAX, DTMIN, 

EMAX, ZINIT, NORDER, SWA, SWB, SVC, RUNNO 

where T = time 

DT = integration step size (may be changed 

by routine) 
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TMAX = maximum value of T (not used by routine) 

IZOUT = LOGICAL variable (not u.-jocl 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 

ZINIT = LOGICAL variable which is set to .TRUE. 

at the start of a run. The integration 

routine will normally use this variable 

to determine if initialization is re-

quired. After initialization, the 

integration routine must set ZINIT = 

.FALSE. 

NORDER = order of system (INTEGER). . 

SWA, SWB, SWC = switch variables. May be used for any 

other input needed. 

RUNNO = the number of the current run if a 

multiple run study is underway. 

Normally not used by the integration 

routine. 

(Unless otherwise indicated, all above variables are DOUBLE 

PRECISION.) 

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 
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state variables for the new T. All output and testing for 

completion is done by the calling program. 

The subroutine containing the problem definition is 

named DIFFEQ and has no arguments. Each time it is called 

it evaluates the differential equations once, thus updating 

the values of the state derivatives in common block 

/STADER/. NOTE: All variable and function names used must 

be declared DOUBLE PRECISION but all intrinsic and external 

functions may be called by either their single or double 

precision names. Example: 

DOUBLE PRECISION A, SIN, B 

A = SIN (B) 

After a routine is written according to the above 

instructions, it should be assembled using the normal 

Advanced Software System FORTRAN IV Compiler. The result

ing binary file should then be transferred to the DARE I 

System tape (the system program PIP may be used.) 

An integration routine may require values for one 

or more of the following System Parameters: DTMAX, DTMIN, 

EMAX, EMIN, SWA, SWB, or SWC. An l8-bit binary number 

should be made as follows, depending on which of these 

parameters should be included in the Input List when the 

routine is used. The bit corresponding to a particular 

parameter should be a 1 if the parameter is to be added to 

the list, a 0 if not. 



. 188 

Bit 0: always = 1 (most significant bit) 
Bit 1: DTMAX 
Bit 2: DTMIN 
Bit 3: EMAX 
Bit k: EMIN 
Bit 5: SWA 
Bit 6: SWB 
Bit 7: SWC 
Bit 8-17: always 0 

DT and TMAX are not included in the above list since they 

are always placed in the inputs lists. 

This word must be deposited in the .METH table on 

the DARE I System tape. The Advanced Software System pro

gram PATCH should bemused to do this. Load PATCH with 

system input/output to a DECtape unit on which the DARE I 

System tape is mounted with "WRITE enabled. When PATCH is 

ready for a command, type 

>B 0 I 
>L 47 I 

PATCH will then type out the contents of this location in 

Block 0 on the DARE I System tape. Type ALT-MOD. Subtract 

100q  from the number obtained and add the number of the ' 

integration method to be added to DARE I (octal radix). 

The result is the.address for this number indicating System 

Parameter usage. Next type: 

>L address 

PATCH will type out the current contents of the address. 

Type the previously determined number which specifies 

which System Parameters the integration routine utilizes, 
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followed by ALT-MOD. This completes the procedure. The 

integration routine is now part of the DARE I System. 



APPENDIX D 

DARE I SYSTEM MODIFICATIONS 

Nearly al-1 modifications to the DARE I System must 

be implemented by reassembling and reloading a modified 

source program for a part of the system. All DARE I System 

programs are on the system tape in Dump Mode (core image). 

In the following instructions it is assumed that 

the permanent DAT slot, assignments are as follows: 

-15 DTA0 
-14 DTA1 
-13 DTA1 
-12 TTA0 
-11 DTA1 
-10 PRB0 
-7 DTC0 
-6 NONE 
-5 • DTC1 
-k DTC1 
-3 TTA0 
-2 TTA0 
-1 DTC0 
1 DTA1 
2 CRA0 
3 CRA0 
k TTA0 
5 TTA0 
6 PRA0 
7 PPA0 
10 DTA0 

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 

Assign to DAT -10 the device which will read the file D1M0N 
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ABS. Place the DARE I System tape on unit 1 and call 

PATCH. When PATCH is loaded, type: 

>KM9 ) 
>READ DlMON ) 

Overlays 1 through 5 are written on the system tape 

using the' utility routine DlWRIT. This is a stand-alone 

routine, which dumps a core image onto DECtape. The pro

cedure is to first load the desired overlay into core using 

the linking loader, and then to load DIWRXT from paper tape. 

Set the address switches to 100, place the DlWRIT tape in 

the reader and press I.-0 RESET and READ IN. The DARE X 

System tape must be mounted on DECtape unit 0 with WRITE 

enabled. When loaded, DlWRIT will ask for data on the 

teletype as follows: 

CORE ADR. s 
SIZE = 
BLOCK NO. = 

After each equal sign the requested number should 

be typed. The core address and program size are deter

mined from the loader memory map. The block number is 

determined from the system tape directory or from the 

.SYSPR table in the DARE I monitor. 

After the new version of a system program is placed 

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

dated. This is most easily done using PATCH. The starting 

location of the .SYSPR table can be found in location 150 

(location 50 in block 0). It is also suggested that the 
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source version of the DARE X monitor be updated at this 

time to prevent confusion later. 

Following is a description of the loading procedure 

for each overlay. 

$ASSIGN NON 
SLOADER 1 
LOADER 

>D1EDTR (ALT-MOD) 

memory map 

fs 

After the loader types fs, press PROGRAM STOP and 

load D1WRIT as described above. 

To load Overlay 2, type: 

&ASSIGN NON -3 1 
SLOADER i 
LOADER 

>D1F4 (ALT-MOD) 

memory map 

fs 

Next load DlWRIT. 

The loading of Overlay 3 is somewhat more complex 

since this overlay is the DARE I loader which is loaded in 

the same area occupied by the Advanced Software System 

linking loader. The DARE I loader is thus loaded using 

an intermediate loader, XLOAD, which is loaded into the 

top of core. 

The DARE X loader is to be loaded directly above 

the DARE I monitor. XLOAD always loads below an address 

which is read from the accumulator switches. It is 
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necessary to set these switches so that the DARE X loader 

is loaded just above the area located by the monitor. This 

requires a knowledge of the length of the DARE I loader and 

its handlers. This information is most easily obtained by 

a trial loading of the loader with the accumulator switches 

set to some large number, such as 10000Q. The length can 

then be calculated from the memory map, and the accumulator 

switches are reset accordingly. 

The procedure for loading is to first set the 

accumulator switches and then to type: 

SASSIGN NON -5i 
SGLOAD^. 
LOADER 

>XLOAD (ALT-MOD) 

memory map 

LOADER 
>D1L0AD (ALT-MOD) 

. memory map 

fs 

Next load D1WRIT. The first memory map is ignored and the 

second is used for all address calculations. 

Overlay 4 does not exist on the system tape, since 

it is made by D1L0AD each time a DARE I problem is compiled. 

The loading of Overlay 5 requires the following 

sequence: 

$ASSIGN NON -5,1,2,3,6,7/DTDl 101 
SLOADi 
LOADER 

>D10UT, SORTOR, MASSTR, TABULA, GRAFIC, GRAFIO). 
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>D1I0S, CAA., GETNMO (ALT-MOD) 

memory map 

fs 

Load D1WRIT next. 

In all the above instructions, it is assumed that 

all required programs have been assembled or compiled and 

are on DECtape 1. 

The DARE I System library is named .LIBR and is 

modified using the Advanced Software System program UPDATE. 



APPENDIX E 

THE DARE SIMULATION CONTROL PANEL 
(Puis, 1968) 

General 

A special purpose control panel has been constructed 

for project DARE. It allows the user to set certain para

meters and initiate the principal functions performed by 

the system. - In addition, the panel indicates what action 

the DARE system is performing through a number of lamps 

under program control. The panel is connected to a DEC 

PDP-9 computer through a standard PDP-9 I/O cable. 

Principal Functions 

Input (panel-to-computer) and output (computer-to-

panel) functions are almost completely separated in the 

panel construction, and will be described separately. The 

DARE panel functions can be divided into several groups, 

five input groups and two output groups. The input groups 

are: 

1. a 12-position rotary switch marked "method" (RS) 

2. 3» four-decade thumbwheel switches, marked "DT, 11 

"TMAX," and "EMAX. " These switches are used to 

input data in a format similar to a FORTRAN E-

field. (TS) 
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3* Five momentary push-button switches marked "trace 

finder." (TF) 

k. Five lever switches marked "sense switches." (LS) 

5. Fourteen large illuminated switches, marked with 

various system functions. (RB) 

The output groups are: 

1. Ten lamps mounted in a strip marked "elapsed time." 

(SL) 

2. Fifteen lamps, twelve of which illuminate the 

function switches in group 5? and three additional 

indicators, identical in appearance to the function 

switches, also marked with system functions. (PB) 

The two-letter abbreviations are used consistently in the 

associated drawings, especially to avoid confusion between 

input and output functions of the large push buttons. 

Output (Lamps) 

Bach of the strip lamps and push button lamps can 

be set (turned on) individually under program control; 

however, one instruction turns off all the lamps, as well 

as resetting the read button flip flops (see "input," 

below). The SL and PB lamps are set in a similar manner: 

only the subdevice code in the "set" instruction is 

changed (Figure E.l-2). 

Figures E.l-4 through E.l-7 show how a lamp is 

controlled. The bi-directional data or accumulator lines 
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Figure E.l. Engineering drawings for the DARE control panel. 
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from the PDP-9 run through an emitter-follower, to reduce 

party-line loading. The data line is AND'ed with the 

appropriate sub-device code and set IOT pulse. There is 

one AND gate per lamp. The output of each AND gate runs 

to an on-switch unit (Figure E.l-5), which is basically a 

filter and an SCR mounted on a DEC "flip chip." A lamp is 

turned on if the corresponding accumulator bit is "0." No 

action is taken if the accumulator bit is "1" during the 

I/O instruction. 

The lamps are turned off by the clear/reset IOT. 

The clear pulse is run to a one-shot, whose output runs to 

a buffer/amplifier to a power transistor, interrupting 

power to the lamps for a long enough period of time to 

allow the SCR's controlling the lamps to turn off. 

Two of the lamps (Figure E.l-3) are not turned on 

under program control, but are set when the associated 

button 'is pushed. These lamps are turned off with the 

normal reset instruction. All the lamps are reset on 

power-up. 

Input (Switches and Buttons) 

Two different systems are used for data input: one 

for reading the function push buttons (RB), and the other 

for all other input groups. 

When a function button (RB) is pushed (Figure E. 

1-8), two things happen (each is controlled by a pole of 
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the switch): one, a program interrupt is requested. 

Signal PIRQ, is generated through a discrete-component (not 

DEC "flip chip") OR of one pole of each switch. PIRG sets 

the program interrupt request flip flop PIR. PIR is reset 

by the clear/reset instruction. PIR requests a program 

interrupt in the PDP-9, and gates I0T1 to the skip request 

line, the "skip on panel set" instruction for the PDP-9. 

Secondly, an RS flip flop follows the other pole of the 

switch. The output signal of this flip flop, with proper 

rise time, can set the read button flip flop associated 

with the particular function push button. This flip flop 

is reset by the clear/reset instruction. The read button 

flip flop, when set, gates the interrogation pulse (I0T2 

AND the sub device signal) on to the PDP-9 accumulator 

lines. If a particular button has been pushed, the 

corresponding accumulator bit will be set to "1" after the 

interrogation instruction (Figure E.l-2). 

All other input is accomplished in a different way. 

These are principally static inputs, set up before a run, 

and do not initiate any action. They do not cause program 

interrupt requests. Each sub-device signal is decoded and 

run through an emitter-follower (Figure E.l-13), because of 

fan-out. The sub-device code is applied to the common 

terminal of its corresponding switch'. Each thumbwheel 

switch provides sixteen bits of information, and has its 

own sub-device code. The other switches provide fourteen 
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bits of in formation in all and share a code. The thumb

wheel and rotary switches have attached diode matrices to 

perform BCD decoding. The outputs of a particular bit of 

each of the four switch groups are OR'ed by discrete 

component gates. The output of each of these OR gates 

(one gate and one output per bit, or sixteen in all) is 

AND'ed with the load IOT (I0T4), and output to the PDP-9 

accumulator lines. In summary, to read a particular 

switch, three elements are required: (l) the desired sub-

device code must appear at the input of the switch, (2) the 
a 

switch contact must be closed to allow the code to pass 

through to the AND gate at the input to the PDP-9, and ( 3 )  

IOT^t ( "load" or "read") must appear at the other input to 

t 1 

the AND gate on the PDP-9 accumulator line. 

The logic for the DARE control panel is contained 

in one standard DEC type 19^3 logic rack. Some additional 

decoding and gating is done by components attached to the 

panel. 
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