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ABSTRACT

This report describes the command language for the
simulator, associated with DDL (Digital Design Language).

INDEX TERMS: Design automation, computer-aided design,
hardware description languages, DDL, digital
design language.
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Chapter 1

INTRODUCTION

This report is one of two manuals describing a compi-
lgr and simulator for DDL-P, a subset of DDL (Digital Design
Language). DDL is a language for describing the behav;or of
digital systems at the Boolean equation, register transfer,
and algorithmic levels. It uses a finite state machine no-
tation and it may be used to describe systems over a wide

range of levels.

DDL was originally formulated by Duley at the Univer-
sity of Wisconsin in 1967 [5, 6, 3]. A translator and simu-
lator for a subset of DDL were implemented in FORTRAN (1, 7,
4, 8, 9, 10]. 1In 1971-73, J. Duley, B. Clark, and J. Welsch
implemented an interactive simulation system for a subset of
DDL (with modified syntax) on the HP 2100 system in HP-Algol
at Hewlett-Packard Laboratories. The DDL-P language, compi-
ler, and simulator are based on this HP implementation. In
order to enhance portability the system was rewritten in
PASCAL on the DEC-20 system under the TOPS-20 Operating Sys-

tem at Stanford University. Small changes were made to the

e e e e S A N NI s
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syntax, mainly to enhance the readability. The system will

still accept the input format of the original HP-Algol ver-

sion.

This report describes the usage of the DDL-P simulator
as it was implemented at Stanford. The command language is
described in detail and several examples are given to clar-
ify the constructs. The appendices give a list of error
messages as well as a formal BNF definition of the command
language. A companion report describes the DDL-P language

and the DDL-P compiler system [2].
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Chapt

- BOOLEAN EX

er 2

PRESSIONS

boolean_exp ::= minterm { +

minterm ::= product { [+] p

product = complement { *
complement ::= {-} relation
relation arithmetic_exp

| arithmetic_exp
| arithmetic_exp
| arithmetic_exp
| arithmetic_exp
| arithmetic_exp
| arithmetic_exp
| AT identifier

arithmetic_exp ::= { (=) }
| arithmet
| arithmet
term ::= constant
| reference
| TIME
|

( boolean_exp )

e e — —— — — — —— ——— — ———— —— — — — — —— — — — o——

minterm }¥*¥**
roduct }*%¥

complement } %%

(=) arithmetic_exp

# arithmetic_exp

< arithmetic_exp

> arithmetic_exp

>= arithmetic_exp

<= arithmetic_exp
term

ic_exp (+) term
ic_exp (=) term

e o — — — — — — ——— — —— ——— — — — — — — — — — — ——

In the command language,
in SET, DISPLAY, PRINT, and co

tax for comments, constants,

Boolean expressions may appear
nditional commands. The syn-

identifiers, and facility re-
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ferences in the command language is identical to that in
DDL-P descriptions. This syntax is shown in Appendix B for

reference.

The syntax for Boolean expressions in the command lan-
guage is similar to the syntax £for Boolean expressions in a
DDL-P description. The following operators and constructs
are NOT available in the command language:

INPUT function
Conditional expression constructs
CASE ®x DO a DO b .. ENDCASE

IF x THEN a ELSE b ENDIF
¢x¢ a; b; ..

CON
+ RED * RED [+] RED (+) RED
EXT TAIL HEAD -

The remaining operators are available as showa in the

BNF above. In addition, tuo neu constructs are permitted:

1. TIME
is a string of length 16 bits with value equal to
the number of units of time the DDL-P system has
been simulated. TIME is initially 2ero and is in-
cremented at the end of each state in the lowest
level finite state machine. Recall that the size
of this increment may be specified in the DDL-P

description by the TIME action.
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2. AT state_name
is a string of length one bit with value 1B1 if the
state given by "state_name" is the current state,

and value 1B0 otheruwise.

- Examples of Boolean Expressions in the Command Language

16D17

(A*¥B)(=)7 + X>Y + PROD(X,2)>25
MEM[IR[9:0]J(+)R[IR[12:10]1]]
KT P

MI{MAR](=)HALT + AT ERR + TIME>100

{




Chapter 3

COMMAND SENTENCES

sentence =
|
|

other_command

| IF bo

u_command

P m e m e mm o mm

run_comd { AND other_command } ¥**#
other_command { AND other_command } %¥*%
EXIT

R

u_command

olean_exp THEN u_command {, u_command} ¥**

DISPLAY { (reference {,reference *¥% ) }
PRINT { (reference {,referencel*** ) }
DUMP

SET identifier_ref = boolean_exp

CLEAR

STEP

STOP

hee e o o —— — — —— — — — — — — — —

After a DDL-P description has been compiled with no fa-

tal errors and the designer has selected the number base for

use in output, then the simulator indicates its readiness to

accept commands

by typing ">" at the teletype. The designer

may then use command sentences to examine or modify facility

contents and simulate the DDL-P system.




The individual commands are discussed first, followed
by a description of the constructs for combining several

commands into a single command sentence.

3.1 COMMANDS
3.1.1 DISPLAY and PRINT

The DISPLAY command types the current values of the
named facilities on the teletype, along with the current to-
tal state (location) and time. Any valid register, memory,
or terminal reference may appear in the DISPLAY list. This
list may be omitted altogether, in which case the current
total state and time are typed.

Examples
>DISPLAY(LEFT,RIGHT).
¥TIME=1110 STATE=P: LEFT=0000000000000010

RIGHT=0000000000000101
>DISPLAY(SCORE[2:4], CARD[LEFT:RIGHT], SUM(2,2)).

¥TIME=1110 STATE=P: SCORE[10:100]=110
CARD[10:101]=1001 SUM=0000000000000100

>DISPLAY.

¥TIME=1110 STATE=P:

>

The PRINT command is identical to the DISPLAY command,

except that the output goes to the listing file on disk.
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3.1.2 DUMP

The DUMP command prints in the listing file the current
values of all registers, memories, and terminals which
weren't assigned functions in the TERMINAL declaration. A
DUMP is equivalent to a PRINT with all these facilities in

the output list.

3.1.3 SET

The designer may use the SET command to set the values
of registers, memories, and terminals which weren't assigned
functions in the TERMINAL declaration. The SET command
works like the "=" immediate store action in an OPERATION;
when SET is executed in a command sentence, the facility re-
ferenced on the left side is set immediately to the current
value of the Boolean expression on the right side.

Examples
SET CARDBUF=5D6
SET SCORE[1:2] = A[3:4] + SCORE[1:2]

If the facility written is a register for which a de-

layed store has not been finished, then the simulator will

issue a SIMULTANEOUS STORE warning and cancel the delayed

store.




3.1.4 CLEAR

The CLEAR command resets all registers, memories, and
terminals to zero. This action occurs immediately and un-
conditionally whenever CLEAR appears anywuhere in a command
sentence, even if the CLEAR is in a conditional command.
HENCE, WHEN USED, THIS COMMAND SHOULD APPEAR BY ITSELF IN
THE COMMAND SENTENCE, even though this restriction is not

enforced by the simulator.

All unfiinished delayed stores will be canceled when a

CLEAR is executed.

run_comd ::= RUN { FROM identifier {:identifier)}*¥*» }
{ TO identifier {:identifier)®*%** }

o — — — ——
e e — —

The RUN command initiates simulation of the DDL-P sys-
tem. The designer may specify the initial and/or final lo-
cations of the simulation in the command. A location is a
list of states separated by colons ":", where the list con-

tains zero or one state from each finite state machine in




the DDL-P description. State sequencing registers will be

initialized automatically betore the simulation begins.

The RUN command has four forms, as follow:

‘a.

RUN FROM location

The simulation starts in the indicated location.
If some finite state machine has no state listed
in the location given, then the initial state for
that machine will be the first state in the cor-
responding CONTROL declaration. The simulation

will begin in the top level machine.

RUN

Simulation starts in the current state, proceeding
from the point where simulation was last sus-
pended. 1If there was no previous simulation, then
the initial location is the first state of each

finite state machine.

The exception is that if this command follous a
RUN FROM command which did not execute because of
an error in the command sentence, then the initial
location will be the location given in the previ-

ous RUN FROM.

T P




3. RUN TO location
Simulation begins in the current state as above
(the exception noted above also applies here), and
proceeds until the system is in the indicated lo-
cation. The state actions for this last location

will be executed before the simulation ends.

If the initial state is the same as the final

state, then no simulation will take place.

4. RUN FROM location! to location2
Simulation begins in locationi and proceeds until

the system is in location?2.

During a simulation, the command sentence initiating
the simulation will be rescanned and executed at the end of
each state in the lowest level finite state machine. Hence,
commands for conditionally halting simulation or for set-
ting, displaying, or printing facility values during the si-
mulation may be included in the command sentence with the
RUN command. When the simulation is finished, the simulator
will type ">" at the teletype, indicating its readiness t;

accept a new command sentence.




Examples
RUN
RUN FROM P1:2Z1

RUN TO JK
RUN FROM A TO JK

After a run-time error, the initial location in a RUN
command must be given explicitly by "FROM location". The
simulator variable TIME is reset to zero when a "RUN FROM.."

command is issued.

When issuing a "RUN FROM" command, the designer should
be careful to ensure that the system is properly initial-
ized. In particular, beware that previously scheduled de-
layed stores may be carried out before the simulation is

restarted (these may be canceled by CLEAR or SET).

3.1.6 STEP

The STEP command effects simulation of the system for
one state. If the system contains several finite state ma-
chines, then one state in the lowest level machine is simu-
lated; states from higher level machines may be simulated
first, depending on the starting point of the simulation

and/or the presence of LEVEL actions in previously simulated

states.




The STEP command may appear in a sentence with a RUN
command, in which case the RUN command determines the start-
ing location of the simulation. Otheruise, simulation

starts from the current location.

3.1.7 STIOP

The STOP command halts the simulation in progress.
This command typically appears in a conditional command
(Section 3.2), so that the simulation will end when the com-

mand sentence is rescanned and some condition is satisfied.

A STOP only ends the simulation; it does not prevent
execution of the remainder of the command sentence. The
STOP, when executed, overrides a RUN or STEP command in the

same command sentence.

3.1.8 Halt by <ESCAPE>
During a simulation, the designer may press the

<ESCAPE> key to cause the simulator to halt and accept a new
command sentence. Note that the <ESCAPE> is not a command
one includes in a command sentence; rather, it is a way of

interrupting a simulation, forcing a halt.




3.1.9 EXIT

The EXIT command causes an exit from the simulator, re-
turning control to the TOPS-20 Executive. When used, EXIT
must be the only command in the command sentence. Note that

STOP and EXIT are entirely different commands.

3.2 CONDITIONAL COMMAND

The conditional command allows the designer to make the
execution of a command list dependent on some condition.
The form of the command is

IF Boolean_exp THEN command, command,...
Each time the conditional command is scanned, the commands
in the list will be executed only if the value of the Boo-
lean expression is 1; otherwise the command list will be

skipped.

Any combination of DISPLAY, PRINT, DUMP, SET, STEP, or
STOP commands may appear in the cenditional command list.
Conditional commands may not be nested.
Examples

IF AT END + AT ERR THEN DUMP,STOP
IF TIME>=20 THEN PRINT(SCORE)




After an <ESCAPE>, the simulator may halt in any of

three ways:

1.

Normally, the simulator will halt at the end of
the current state in the lowest level finite state
machine. The halt will occur just after the last
command sentence has been rescanned in the normal

way.

In case of a run-time error, the simulator will
halt immediately after issuing a run-time warning
or error message if the designer has pressed

<ESCAPE>.

I1f{ the simulator has executed more than 1000 goto
actions in operations in the current state, then
it will issue a warning that the DDL-P system is
"probably in infinite loop." After this point,
the simulator halts immediately when <ESCAPE> is
pressed, rather than waiting until the end of the

state.




3.3  SENTENCE

A command sentence is a list of commands separated by
"AND". All sentences are terminated by period ".", includ-
ing those with just one command. Any combination of com-
mgnds may appear in a sentence, subject to the following

restrictions:

1. A sentence may include at most one RUN command,
which (if present) must be the first command in

the sentence.

2. When used, EXIT must be the only command in the

sentence.

3. When used, CLEAR should be the only command in the

sentence.

Command sentences may take up more than one line on the
teletype; the simulator will prompt for additional lines by
typing "=" until the designer terminates the sentence with
period ".". If the designer enters end-of-file (CTRL-Z)
from the teletype, the simulator will type a message and

exit to the TOPS-20 Executive.




Examples

RUN AND STEP AND DUMP.

RUN FROM A AND PRINT(SCORE,CARDBUF,FF).

RUN AND IF AT JK THEN STOP,DUMP AND DISPLAY.
SET CARDBUF=5D1 AND SET FF=1B1l.

STEP.

CLEAR.

EXIT "return to TOPS-20".

In the third example above, note that STOP and

DUMP are dependent on the condition AT JK, while

DISPLAY is unconditional.

If a command sentence contains syntax errors, an error
message will be typed and the entire sentence must be reen-
tered. The simulator executes an error-free sentence immed-
iately; if the sentence contains a RUN command, then the
sentence will be executed again after each lowest-level

state, as discussed in Section 3.1.5.

Note that during a simulation, the simulator is cont-
rolled only by the last command sentence entered. The se-
quence

>IF AT P + AT S + AT J + AT T THEN STOP.
>RUN FROM L AND DISPLAY.

Wwill not have the desired effect of stopping when the simu-
lation reaches state P, S, J, or T, because the simulator is
controlled only by the second: sentence. Instead, the desig-
ner could type i

>RUN FROM L TO P AND DISPLAY

= AND IF AT S + AT J + AT T THEN STOP. .

- 17 -
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Two sample simulations are showun in Chapter 5.

Aade.




Chapter 4

SIMULATION-TIME ERRORS

As the designer carries out the simulation, errors may

occur in four distinct areas:
1. A command sentence may have a syntax error.

2. An error condition may arise during execution of a

command sentence.

3. A number entered during simulation of an INPUT ac-

tion may have a syntax error.

4. An error condition may arise during simulation of

the DDL-P system.

When an error occurs, the simulator types an error message
at the teletype. The error message will also appear in the
listing file unless the problem was a syntax error in a com-
mand sentence. In most cases, if the error severity is FA-
TAL or ABORT, the simulator will suspend activity immedi-

ately and prompt for a new command sontenée with ">",




Errors have one other important effect on simulator ac;
tivity. Recall that the simulator must save delayed-store
values in temporary buffers until the store is carried out.
The simulator must also remember which terminals are to be
cleared at the end of a state. The disposition of this in-
formation in case of error depends on the type of error and

the error severity.

Error messages issued by the simulator are listed in
Appendix A. The four types of errors are now discussed in

more detail.

4.1 ERROR IN COMMAND SENTENCE SYNTAX

Syntax errors of severity FATAL or ABORT cause the en-
tire sentence (except for any CLEAR) to be ignored; the en-
tire sentence must be reentered. Delayed-store values will
never be lost as a result of such errors; houever, all ter-
minals will be cleared and delayed stores completed if an

invalid sentence contains a RUN FROM command.

Syntax errors of severity WARNING do not terminate com-

mand processing.

% S B




4.2  ERROR DURING COMMAND EXECUTION

Errors may arise in the evalua*'on of Boolean Expres-
sions in DISPLAY, PRINT, SET, or conditional commands. In
such cases, the simulator will stop immediately after issu-
ipg an error message if the severity is FATAL or ABORT or if

the designer has pressed <ESCAPE>.

When the simulator stops after such an error, all de-
layed stores to registers are canceled. If the error sever-
ity is ABORT, then all terminals are cleared before the si-
mulator will accept a new command; otherwise, all terminals
will be cleared just before simulation is resumed (following

a RUN command).

4.3  ERROR DURING SIMULATION-TIME INPUT

If a number entered during an INPUT action has a syntax
error of severity WARNING or FATAL, then the simulator will
type an error message and ask the designer to reenter the
number. Such errors will not otherwise halt or interrupt

simulation.

I1f an error of severity ABORT appears, then the simula-
tor will halt simulation, cancel all delayed stores, clear
all terminals, and prompt for a new command sentence.

- P
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4.4  ERROR DURING SIMULATION I

When an error occurs during simulation, the simulator
will print an error message followed by a value for SIMADDR,
an internal location counter. The designer may then look at
the program listing generated by the DDL-P compiler to det-
ermine the exact location of the error; the listing includes

values of SIMADDR at the left hand margin.

The simulator will stop immediately after a simulation-
time error if the severity is FATAL or ABORT or if the de-
signer has pressed <ESCAPE>. After such a stop, all delayed
stores are canceled. If the error severity is ABORT, then
all terminals are cleared before the simulator will accept a
new command. Otherwise, all terminals will be cleared just

before simulation is resumed (following a RUN command).

- 22 -
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Chapter 5

SAMPLE SIMULATION

Sample simulation sessions are now presented for tuwo

examples from An Introduction ito the DDL-P Lanaguage [2].

The examples are reprinted here for reference.

In the first example, the designer displays all the re-
gisters in each state, eventually halting the simulation by
<ESCAPE>. After single-stepping tuice from state D, the de-
signer then restarts the simulation, displaying results only

at the end.

- 23 -




"BLACKUJACK MACHINE . "
REGISTER SCOREI[S5]), CARDBUF[5]), FF.
TERMINAL HIT, BROKE, STAND,

VALUE[1:5] = INPUT(1,VALUE),

YCRD = INPUT(1,YCRD),

YL17 = SCORE<17, YL22 = SCORE<22,

NACE = CARDBUF#1.
OPERATION

TPT = [CARDBUF <- 5Dp101,

TMT = [CARDBUF <- 5D22]1,

TVC = [CARDBUF <- VALUE],

IHIT = [HIT=1B1],

ISTD = [STAND=1B1], IBRK = [BROKE=1B1],

CLS = [SCORE <- 5DO0],

ADD=[SCORE <-(SCORE(+)CARDBUF)TAIL 51,

KFF = [FF<-1D0], JFF = [FF <- 1D1 ] .
CONTROL

A: CLS, KFF, ->Bvs

B: IHIT, TVC,

IF YCRD THEN ->C ELSE ~>B ENDIF/
C: IF YCRD THEN ->C ELSE ->D ENDIF/
D: ADD, IF NACE+FF THEN ->F
ELSE ->E ENDIF/

E- JFF; TPT. ->D/

F: IF YL17 THEN ->B ELSE ~>G ENDIF/
G: IF YL22 THEN ->K ELSE ~>H ENDIF/
H:

KFF, TMT,

IF FF THEN ->D ELSE ->J ENDIF/
J: IBRK,

IF YCRD THEN ->A ELSE ~>J ENDIF/
K: ISTD,

IF YCRD THEN ->A ELSE ~->K ENDIF/.$

3 3 3 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I W I I I N

d<sources.ddl>ddl

INPUT = black. jak
OUTPUT = black.lst
DPLINI = ddl.inil4,1550])

TO CONTINUE, HIT THE RETURN KEY #*
END OF TRANSLATION, 0 FATAL ERROR(S).
DDL SIMULATION MONITOR. VERSION 16 NOVEMBER 1978

PLEASE ENTER RADIX (FOR USE IN ALL OUTPUT)

- 24 -




*TIME=0 STATE=A:
FF=0
¥*TIME=0 STATE=A:
- FF=0
*TIME=1 STATE=B:
VALUE:=5d12
*TIME=1 STATE=B:
YCRD:=1b0
*TIME=1 STATE=B:
FF=0
¥*TIME=2 STATE=B:
VALUE:=5d1
¥*TIME=2 STATE=B:
YCRD:=1b1
*TIME=2 STATE=B:
FF=0
¥*TIME=3 STATE=C:
YCRD:=1b1
¥*TIME=3 STATE=C:
FF=0
#*TIME=4 STATE=C:
YCRD:=1b0
*TIME=4 STATE=C:
FF=0
*TIME=5 STATE=D:
FF=0
*TIME=6 STATE=E:
FF=0
*TIME=7 STATE=D:
FF=1
®*TIME=8 STATE=F:
FF=1
*TIME=9 STATE=B:
VALUE:=5d5
*TIME=9 STATE=B:
YCRD:=1bo
#*TIME=9 STATE=B:
FF=1
¥*TIME=10 STATE=B:
VALUE:=5d5
#*TIME=10 STATE=B:
YCRD:=1b1
#TIME=10 STATE=B:
FF=1
2 #TIME=11 STATE=C:
YCRD:=1b1
#*TIME=11 STATE=C:

>run and display(score,cardbuf, ff).

SCORE=0

SCORE=0

SCORE=0

SCORE=0

SCORE=0

SCORE=0

SCORE=0

SCORE=1

SCORE=1

SCORE=11

SCORE=11

SCORE=11

SCORE=11

- 25 =

CARDBUF=0

CARDBUF=0

CARDBUF=0

CARDBUF=12

CARDBUF=1

CARDBUF=1

CARDBUF=1

CARDBUF=1

CARDBUF=10

CARDBUF=10

CARDBUF=10

CARDBUF=S

CARDBUF=5

M~



FF=1
*TIME=12 STATE=C:
YCRD:=1b0
¥*TIME=12 STATE=C:

FF=1
*TIME=13 STATE=D:

FF=1
*TIME=14 STATE=F:

FF=1
¥TIME=15 STATE=B:
VALUE:=5d10
¥TIME=15 STATE=B:
YCRD:=1b1
¥*TIME=15 STATE=B:

FF=1
*TIME=16 STATE=C:
YCRD:=1b0
*TIME=16 STATE=C:

FF=1
*TIME=17 STATE=D:

FF=1
*TIME=18 STATE=F:

FF=1
*TIME=19 STATE=G:

FF=1
*TIME=20 STATE=H:

FF=1
*TIME=21 STATE=D:

FF=0
¥*TIME=22 STATE=F:

FF=0
®*TIME=23 STATE=B:
VALUE:=5d6
¥*TIME=23 STATE=B:
YCRD:=1b1
*TIME=23 STATE=B:

FF=0
®*TIME=24 STATE=C:
YCRD:=1b0
*TIME=24 STATE=C:

FF=0
®*TIME=25 STATE=D:

FF=0
®*TIME=26 STATE=F:

FF=0
®*TIME=27 STATE=G:

FF=0
®TIME=28 STATE=H:

SCORE=11
SCORE=11

SCORE=16

SCORE=16

SCORE=16
SCORE=16
SCORE=26
SCORE=26
SCORE=26
SCORE=26

SCORE=16

SCORE=16

SCORE=16
SCORE=16
SCORE=22
SCORE=22
SCORE=22

- 26 -

CARDBUF=5
CARDBUF=5

CARDBUF=5

CARDBUF=5

CARDBUF=10
CARDBUF=10
CARDBUF=10
CARDBUF=10
CARDBUF=10
CARDBUF=22

CARDBUF=22

CARDBUF=22

CARDBUF=6
CARDBUF=6
CARDBUF=6
CARDBUF=6

CARDBUF=6




FF=0

*TIME=29 STATE=J:

YCRD:=1b0

#*TIME=29 STATE=J: SCORE=22 CARDBUF=22
FF=0

STOP BY <ESCAPE>

*TIME=29 STATE=J:

>display(stand,

= broke).

#¥TIME=29 STATE=J: STAND=0 BROKE=1

>set cardbuf=5d1 and set ff=1b1.

>run from d and step.

#TIME=0 STATE=D:

>step.

¥*TIME=1 STATE=F:

>run from a and if at j+at k then display(stand,broke),stop.

#*TIME=1 STATE=B:

VALUE:=5d7

¥*TIME=1 STATE=B:

YCRD:=1b1

#*TIME=2 STATE=C:

YCRD:=1b0

#*TIME=5 STATE=B:

VALUE:=5d¥4%

#*TIME=5 STATE=B:

YCRD:=1b1

¥®TIME=6 STATE=C:

YCRD:=1b0

#*TIME=9 STATE=B:

VALUE:=5d1

#*TIME=9 STATE=B:

YCRD:=1b1

*TIME=10 STATE=C:

YCRD:=1b0

#*TIME=19 STATE=B:

VALUE:=5d8

*TIME=19 STATE=B:

YCRD:=1b1

#*TIME=20 STATE=C:

YCRD:=1b0

#TIME=24 STATE=K:

YCRD:=1bO

#*TIME=2Y4 STATE=K: STAND=1 BROKE=0

®*TIME=24 STATE=K:

>display(cardbuf,score).

#TIME=24 STATE=K: CARDBUF=8 SCORE=20

o A A S 5 i R A
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>exit.

EXIT
3

698 36 96 36 36 36 3 38 36 36 36 36 96 36 36 96 3 3 36 36 36 36 36 36 36 36 36 90 36 36 3 36 36 96 36 3 36 36 36 36 I 36 6 3 3 96 9 3 3 3 9 96 36 3 3 3 3 N 2

In the second example, the designer runs the memory
summation machine. The accumulating sum is displayed only
when a non-zero word has been added. Note that base 16 is

used for output.

" EXAMPLE OF INTERPRETIVELY LINKED MACHINE "
REGISTER Al16), BI16]), ADDRIS8].
MEMORY MEM[0:255, 16].
TERMINAL YCLR, YINC, YADD, YREAD,
NDONE ADDR # 255,
START INPUT (1, START).
OPERATION CLEAR [A <- 16D0, ADDR <- 8DO],
INC = [ADDR <- ADDR(+)8D1 TAIL 8],
ADD = [A <- A(+)B TAIL 16],
READ = [B <- MEMI[ADDRI],
MEM[ADDR] = 16DO0],
RESTORE = [MEM[ADDR] = B].

CONTROL
P1: IF START THEN YCLR @, YREAD @, ->P2
ELSE ->P1 ENDIF/
P2: YADD 9,
IF NDONE THEN YINC @, YREAD 3, ->P2
ELSE ->P1 ENDIF/
CONTROL
Ql: IF YINC THEN INC ENDIF,
IF YCLR THEN CLEAR ENDIF,
IF YADD THEN ADD ENDIF,
IF YREAD THEN ->Q2
ELSE ->Q1, LEVEL ENDIF/
Q2: READ, =->Q3/
Q3: RESTORE, LEVEL, ->Qi1/.$

BTN TIOR8 00000080 3006003 NN
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@<sources.ddl>ddl

INPUT = sum.mem
OUTPUT = sum.lst
DDLINI = ddl.inil[4,1550]

TO CONTINUE, HIT THE RETURN KEY ¥*
END OF TRANSLATION, 0 FATAL EPROR(S).
DDL SIMULATION MONITOR. VERSION 16 NOVEMBER 1978

PLEASE ENTER RADIX (FOR USE IN ALL OUTPUT)

>set mem[10]=10 and set mem{[20]=20.

>set mem[30])=30 and set mem[40]=40.

>set mem[50]=50 and set mem[60]=60.

>set mem(70]=70 and set mem[80]=80.

>set mem[90]=90 and set mem[99]=99.

>set addr=8d0.

>run and if at q2 * b#0 then display (addr,b,a)

= and if at p1! * time>100 then display (a),stop.
*TIME=0 STATE=P1:Q1:

START:=1b0

®*TIME=1 STATE=P1:Q1:

START:=1b1

®*TIME=23 STATE=P2:Q2: ADDR=0B B=000A
A=000A

*TIME=41 STATE=P2:Q2: ADDR=15 B=0014%
A=001E

®*TIME=5F STATE=P2:Q2: ADDR=1F B=001E
A=003C

®*TIME=7D STATE=P2:Q2: ADDPR=29 B=0028
A=0064

®*TIME=9B STATE=P2:Q2: ADDR=33 B=0032
A=0096

¥TIME=B9 STATE=P2:Q2: ADDR=3D B=003C
A=00D2

#*TIME=D7 STATE=P2:Q2: ADDR=47 B=0046
A=0118

®TIME=F5 STATE=P2:Q2: ADDR=51 B=0050
A=0168

#*TIME=113 STATE=P2:Q2: ADDR=5B B=005A
A=01C2

#*TIME=12E STATE=P2:Q2: ADDR=64 B=0063
A=0225

®TIME=302 STATE=P1:Q1:

START:=1b0

#TIME=302 STATE=P1:Q1: A=0225
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®*TIME=302 STATE=P1:Q1:
>exit.

EXIT
a
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Appendix A

ERROR MESSAGES

The error messages issued by the DDL-P simulator are
listed below, along with their severity codes. When an er-
ror condition arises, the simulator lists the appropriate
message at the teletype and, in some cases, in the listing
file. The significance of the error severity codes is ex-

plained in Chapter 4.

The characters in the first three columns of each line
below indicate when the error on that line may occur. A "C"
in column one denotes that the error may occur as the simu-
lator is examining a command sentence. An "I"™ in column two
denotes that the error may occur when the user types an in-
put constant during simulation. An "S" in column three in-
dicates that the error may occur uwhile a command is being

executed or during simulation.

The term "predefined terminal" refers to a terminal for
which a function was specified in the TERMINAL declarations.

An "argument"” is the same as an "actual parameter,"™ and
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"SSR" stands for "state sequencing register." The string
"<ID>" will be replaced by the appropriate facility name

when an error message is printed.

The error

STRING TOO BIG FOR DECIMAL DISPLAY
refers to the fact that DDL-P cannot print a decimal number
longer than 99 digits. The error message

SYNTAX ERROR
flags many kinds of errors in command sentences. In case of
such an error, the designer should refer to the DDL-P Com-
mand Sentence BNF to determine the proper syntax.
C.. ¢tfatal Syntax error

CI. warning Illegal character
CI. warning Input line longer than 132 characters

CI. fatal Constant too large

.I. fatal Binary string must start with decimal digit
.I. fatal Illegal character in binary string

CI. fatal Illegal number length spec. (zero or >256)
CI. fatal Decimal number may not be left-justified

CI. tfatal Illegal char. or digit of wrong radix in no.
Cl. ifatal Digit is of improper radix

c.. fatal Undeclared identifier

C.. fatal This identifier may not be subscripted

c.. fatal Two-dimensional array requires subscript

c.. tfatal This identifier may only have 1 subscript
c.. ¢fatal Field can't be used to denote range of words-
C.. fatal Subscripting nested too deeply (>10 levels)
c.. fatal Improper field or access to non-existent bits
C.. fatal Too many dimensions (>2) or invalid field
c.. ¢fatal Predefired terminal subscripted

C.. fatal Missing argument list

C.. ¢fatal Wrong number of arguments

C.. iatal This identifier may not have arguments

C.. fatal This identifier not allowed in expression
C.. fatal Operation identifier not allowed in expr.
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C..

Q

C..

. e Q
nnunun-

. .
.

Enmwmummmuxm

.

nun

fatal
fatal
fatal
fatal
fatal
fatal
fatal
fatal
warning
fatal
fatal
fatal
fatal
fatal
warning
warning
warning
warning
fatal
fatal
fatal
fatal
fatal
warning
abort
abort
fatal
fatal
fatal
fatal
abort

Assignment to identifier of wrong type
Identifier must be a state

"RUN FROM.." required after error

"EXIT" must appear in command by itself§
Operand too long (>256 bits)

String or CON or EXT result is too long
Head or tail length too long

String or field range is too big (>256 bits)
String too big for decimal display
Reference to non-existent word of <ID>
Store into non-existent word of <ID>
Reference to non-existent bit of <ID>
Store into non-existent bit of <ID>
Improper field or non-existent bits of <ID>
Incompatible lengths for store into <ID>
Incompatible lengths for operation
Simultaneous stores into a flip-flop of <ID>
Illegal store into louwer level SSR

Two next states specified

Two "=>" states specified

No state corresponds to this SSR value
No next-state indicated

No place to return

#%*¥Probably in infinite loop

Internal error: Illegal instruction
Internal error: stack overflow
Unexpected end of input

Unexpected end of file

Unexpected end of command

Internal error: parse stack overflou
Internal error: memory overflouw
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Appendix B

DDL-P COMMAND SENTENCE BNF

The complete Backus-Naur Form for DDL-P simulator com-
mand sentences is listed below. Non-terminals are uwritten
in lower-case letters anﬁ underscore; "ddl_description" is a
non-terminal, e.g. All other symbols are terminals excepf
for the following special symbols ("meta-symbols"):
1= REPLACEMENT SYMBOL - Left-hand side may be

replaced by right-hand side.

{1} OPTIONAL STRING SYMBOL - String of symbols
enclosed in braces is optional.

{ Junx REPETITION SYMBOL - String of symbols enclosed
may appear zero or more times in succession.

11 CONCATENATION SYMBOL - Symbol on left must be
concatenated with symbol on right (i.e., with no
intervening blanks or end-of-line).

| OR SYMBOL - This separates several right-hand

sides of productions.
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The simulator prompts
sentence by typing ">" at the
tence may take up several lines;
additional lines with "=",
string of symbols except double-quote
ble-quotes and contained on one line,

"THIS IS A COMMENT"

A comment may appear anywhere a blank

for the first line

beginning of a line.

In a sentence,

of a command

A sen-

the simulator prompts for

a comment is any
(") enclosed in dou-
e.g..,

is permitted.

letter ::= AIBICIDIEIFIGIHIIIJIKILIMI
NlolPIQIRIS!TIUIVIWIXIYIZI
alblcldlelflginlililkiliml
nlolplgirisitiulviulxiylz
digit t:= 0111213141516171819
hex_digit ::= digit | A | Bl C I DI E|F
octal_digit s b Vb2 3 e -5 16 1 7
quartal_digit =01l 11213
bit e 0 I 1
decimal_cecnstant ::= digit { || digit }**x
constant ::= decimal_constant
| decimal_constant || B { |I] . } |l bit
{ |l bit }®xx
| decimal_constant |l @ { I . }
1l quartal_digit
{ Il quartal_digit }***
| decimal_constant || @ { || }
|l octal_digit
! { Il octal_digit }xx
| decimal_constant || D || decimal_constant
| decimal_constant || H { |l . }
|| hex_digit
{ Il hex_digit )}%*%*x
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letter_or_digit

identifier ::=

fieid ::= boolean_exp

identifier_ref

s 3=
23

letter | digit

letter { |

| letter_or_digit )} *#*%

boolean_exp

identifier
| identifier ||

decimal_constant

terminal_ref

reference ::
boolean_exp
minterm ::=
product
complement :

relation ::

identifier [ boolean_exp |

identifier || decimal_constant

[ boolean_exp |

identifier [ boolean_exp ] [ boolean_exp |

identifier [ boolean_exp

identifier [ field ]
identifier || decimal_constant [ field ]
identifier [ boolean_exp ] [ field |

identifier [ boolean_exp

t

»

boolean_exp |

field |

::= identifier ( boolean_exp
boolean_exp}*%%* )

= identifier_ref

| terminal_ref

::= minterm { + minterm }¥*¥%

product { [+] product }%***

:= {-} relation

arithmetic_exp
arithmetic_exp
arithmetic_exp
arithmetic_exp
arithmetic_exp
arithmetic_exp
arithmetic_exp
AT identifier

arithmetic_exp ::= { (=) } term
| arithmetic_exp (+) term
| arithmetic_exp (-) term

term ::= constant

| ref

erence

| TIME
1l ¢ boolean_exp )

36 -

::= complement { * complement }¥*¥*

) arithmetic_exp

# arithmetic_exp
< arithmetic_exp
> arithmetic_exp
>= arithmetic_exp
<= arithmetic_exp




sentence ::

run_comd ::=

other_command

run_comd { AND other_command }*#%
other_command { AND other_command }%¥%¥
EXIT .

RUN { FROM identifier {:identifier}®*%x }
{ TO identifier {:identifier)*** }

e e
3N

u_command

| IF bo

u_command ::

olean_exp THEN u_command {, u_command} %%

DISPLAY { (reference {,referencel}*** ) }
PRINT { (reference {,referencel}**x ) }
DUMP

SET identifier_ref = boolean_exp

CLEAR

STEP

STOP

- 37 -




REFERENCES

Arndt, R.L. and Dietmeyer, D.L. "DDLSIM--A Digital
Design Language Simulator," Proc. National
i conf., Vol. 26, pp. 116-118, December
1970.

Cory, W.E., Duley, J.R., and vanCleemput, W.M. An
Introduction to the DDL-P Langquage. Palo Alto:
Stanford University, Computer Systems Laboratory,
March 1979, 97 pp.

Dietmeyer, D.L. and Duley, J.R. "Register Transfer
Languages and Their Translation™ in Digjital System
Desiagn Automation: Languages, Simulation and Data
Base. Woodland Hills, CA.: Computer Science Press,
Inc., 1975, pp. 117-218.

Dietmeyer, D.L. Iranslation of DDL Descriptions of
Digital Systems, ECE-77-13. Madison: U. of

Wisconsin, Dept. of Electrical and Computer
Engineering, September 1977, 46 pp.

Duley, J.R. DDL--A Digital System Design Language.
Madison: U. of Wisconsin, Ph.D. Thesis, 1967.

Duley, J.R. and Dietmeyer, D.L. "R Digital System

Design Language (DDL)," IEEE Irans. Comp. Vol. C-17
(September 1968), pp. 850-861.

Duley, J.R. and Dietmeyer, D.L. "Translation of a DDL
Digital System Specification to Boolean Equations,"

JEEE Trans. Comp. Vol. C-18 (April 1969), pp.
305-313.

N, Digital Design Language Translator--DDLTRN.
Madison: U. of Wisconsin, Dept. of Electrical and
Computer Engineering, 13 pp.

S e PN

= 98 -




10.

N. Rigital Desian Landuage Simulator--DDLSIM. Madison:
U. of Wisconsin, Dept. of Electrical and Computer
Engineering, 36 pp.

Soares, L.E.R. An Implementation of Digital Desian
Language. Madison: U. of Wisconsin, Dept. of
Electrical and Computer Engineering, M.S. thesis,
1970.

o G -




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. | 3. RECIPIENT'S CATALOG NUMBER
Technical Report No. 164
4. TITLE (and Subtitle) 6. TYPE OF REPORT & PERIOD COVERED
T —
DDL-P Command Language Manual ¢ / ? ’ Technical }ep:to 3 ,»/
: (= <
— 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(S v . ————
/ 8. CONTRACT OR GRANT NUMBERI(s)

Cory, J.R. 'Duley, W.M. va|+1eemput

)" S

N-00014-95-C-0601

10. PROGRAM ELEMENT, PROJECT, TASK

9. PERFORMING ORGANIZATION NAME AND ADDRESS
. AREA & WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND ADDRESS

I\ “ Marfa3979 / 39

Computer Systems Laboratory
Stanford University 'i) 5 2. F' 2 DPN 921
Stanford, CA 94305 o REPORTDRTE—=;] 13. NO. OF FAGES

f thi )
Joint Services Electronics Program ks

’ Unclassified
14. MONITORING AGENCY NAME & ADDRESS (if diff. from Controlling Office)

15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this report)

Reproduction in whole or in part is permitted for any purpose of the
U.S. Government

DISTRIBUTION STATEMEN

T

NGBFLL =7 5CF61

17. DISTRIBUTION STATEMENT (of the abstract en i : h ’ epor#pp:c. ”-.d f'Gl ﬁuth releage,
Distribution Unlimited

18. SUPPLEMENTARY NOTES

-

identify by block number)

19. KEY WORDS (Continue on reverse e Ty an.

Design automation, computer-aided design, hardware description languages, DDL,
digital design language.

20. ABSTRACT (Continue on reverse side if necessary and identify by block number)

This report describes the command language for the simulator, associated with
DDL (Digital Design Language). 3

445, 4h) ).

¥

DD "\ 1473

EDITION OF 1 NOV 65 IS OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

GNP ML




JSEP REPORTS DISTRIBUTION LIST

Department of Defense

Director

National Security Agency
Attn: Dr, T. J. Beahn
Fort George G, Meade
Maryland 20755

Defense Documentation Center (12)
Attn: DDC-TCA (Mrs. V. Caponio)
Cameron Station

Alexandria, Virginia 22314

Dr. George Gamota

Acting Assistant for Research

Deputy Under Secretary of Defense
for Research and Engineering
(Research & Advanced Technology)

Room 3D1079, The Pentagon

Washington, D. C. 20301

Mr. Leonard R. Weisberg

Office of the Under Secretary of Def,
for Research & Engineering/EPS

Room 3D1079, The Pentagon

washington, D. C. 20301

Defense Advanced Research
Projects Agency

Attn: Dr. R. Reynolds

1400 Wilson Boulevard

Arlington, Virginia 22209

Department of the Army

Commandant

US Army Air Defense School
Attn: ATSAD-T-CSM

Fort Bliss, Texas 79916

Commander

US Army Armament R & D Command,
Attn: DRDAR-RD

Dover, New Jersey 07801

Commander

US Army Ballistics Research Lab,
Attn: DRXRD-BAD

Aberdeen Proving Ground
Aberdeen, Maryland 21005

Commandant

US Army Command & General Staff College

Attn: Acquisitions, Lib. Div,
Fort Leavenworth, Kansas 66027

Commander

US Army Communication Command
ATTN: CC-OPS-PD

Fort Huachuca, Arizona 85613

Commander

US Army Materials and Mechanics
Research Center

Attn: Chief, Materials Sci, Div.

Watertown, Massachusetts 02172

Commander

US Army Material Development and
Readiness Command

Attn: Technical Library, Rm. 7S 35

5001 Eisenhower Avenue

Alexandria, Virginia 22333

Commander

US Army Missile R & D Command
Attn: Chief, Document Section
Redstone Arsenal, Alabama 35809

Commander

US Army Satellite Communications Agency

Fort Monmouth, New Jersey 07703

Commander

US Army Security Agency
Attn: IARD-T

Arlington Hall Station
Arlington, Virginia 22212

Project Manager

Army Tactical Data Systems

EAI Building

West Long Branch, New Jersey 07764

Commander

Atmospheric Sciences Lab. (ERADCOM)
Attn: DRSEL-BL-DD

White Sands Missile Range

New Mexico 88002

NOTE: One (1) copy to each addressee unless otherwise indicated.

1

R o




Director

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: Dr. Ray Balcerak

Fort Belvoir, Virginia 22060

Commander

US Army Communications R & D Command
Attn: DRDCO-COM-C (Dr. H. S. Bennett)
Fort Monmouth, New Jersey 07703

Commander

US Army Research Office

Attn: DRXRO-MA (Dr. Paul Boggs)

P. O, Box 12211

Research Triangle Park, N. C. 27709

Commander

US Army Missile R & D Command
Physical Sciences Directorate

Attn: DRDMI-TRD (Dr. Charles Bowden)
Redstone Arsenal, Alabama 35809

Director

TRI-TAC

Attn: TT-AD (Mrs. Briller)

Fort Monmouth, New Jersey 07703

Commander

US Army Missile R & D Command
Advanced Sensors Directorate

Attn: DRDMI-TER (Dr. Don Burlage)
Redstone Arsenal, Alabama 35809

Commander

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: DELNV (Dr. Rudolf G. Buser)
Fort Monmouth, New Jersey 07703

Director

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: Mr, John Dehne

Fort Belvoir, Virginia 22060

Director

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: Dr, William Ealy

Fort Belvoir, Virginia 22060

Director

US Army Electronics R & D Command
Attn: DELEW (Electronic Warfare Lab, )
White Sands Missile Range

New Mexico 88002

Executive Secretary, TAC/JSEP A
US Army Research Office

P. O. Box 12211

Research Triangle Park, N, C. 27709

Commander 4
US Army Missile R & D Command A
Physical Sciences Directorate
Attn: DRDMI-TER (Dr. M. D. Fahey)
Redstone Arsenal, Alabama 35809

Commander

US Army Missile R & D Command
Physical Sciences Directorate

Attn: DRDMI-TRO (Dr. W. L. Gamble)
Redstone Arsenal, Alabama 35809

Commander

White Sands Missile Range

Attn: STEWS-ID-SR (Dr. A. L. Gilbert)
White Sands Missile Range

New Mexico 88002

Project Manager

Ballistic Missile Defense Program Off,
Attn: DACS-DMP (Mr. A. Gold)

1300 Wilson Blvd.

Arlington, Virginia 22209

Commander

US Army Communications R & D Command
Attn: CENTACS (Dr. D. Haratz)

Fort Monmouth, New Jersey 07703

Commander

Harry Diamond Laboratories

Attn: Mr, John E, Rosenberg ‘
2800 Powder Mill Road '
Adelphi, Maryland 20783

HQDA (DAMA-ARZ-A)
Washington, D. C., 20310 > "

Commander

US Army Electronics R & D Command
Attn: DELET-E (Dr. J. A. Kohn)
Fort Monmouth, New Jersey 07703




Commander

US Army Electronics Techn., & Dev. Lab,
Attn: DELET-EN (Dr. S. Kroenenberg)
Fort Monmouth, New Jersey 07703

Commander

US Army Communications R & D Command
Attn: CENTACS (Mr. R. Kulinyi)

Fort Monmouth, New Jersey 07703

Commander

US Army Communications R & D Command
Attn: DRDCO-TCS-BG (Dr. E. Lieblein)
Fort Monmouth, New Jersey 07703

Commander

US Army Electronics Techn. & Dev, Lab,
Attn: DELET-MM (Mr. N. Lipetz)

Fort Monmouth, New Jersey 07703

Director

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: Dr. Randy Longshore

Fort Belvoir, Virginia 22060

Commander

US Army Electronics R & D Command
Attn: DRDEL-CT (Dr. W. S. McAfee)
2800 Powder Mill Road

Adelphi, Maryland 20783

Commander

US Army Research Office

Attn: DRXRO-EL (Dr. J. Mink)
P, 0. Box 12211

Research Triangle Park, N. C. 27709
Director

US Army Electronics R & D Command
Night Vision Laboratory

Attn: DELNV

Fort Belvoir, Virginia 22060

Col. Robert Noce

Senior Standardization Representative
US Army Standardization Group, Canada
Canadian Force Headquarters

Ottawa, Ontario, Canada KIA )K2

Commander

Harry Diamond Laboratories
Attn: Dr. R, Oswald, Jr.
2800 Powder Mill Road
Adelphi, Maryland 20783

Commander

US Army Communications R & D Command
Attn: CENTACS (Dr. D. C. Pearce)
Fort Monmouth, New Jersey 07703

Director

US Army Electronics R & D Command
Night Vision & Electro-Optics Labs
Attn: DELNV-ED (Dr. John Pollard)
Fort Belvoir, Virginia 22060

Commander

US Army Research Office

Attn: DRXRO-EL (Dr. W. A. Sander)
P. 0. Box 12211

Research Triangle Park, N. C. 27709
Commander

US Army Communications R & D Command
Attn: DRDCO-COM-RH-1 (Dr. F. Schwering)
Fort Monmouth, New Jersey 07703

Commander

US Army Electronics Techn. & Dev. Lab,
Attn: DELET-I (Dr. C. G. Thornton)
Fort Monmouth, New Jersey 07703

US Army Research Office (3)
Attn: Library

P. 0. Box 12211

Research Triangle Park, N. C. 27709
Director

Division of Neuropsychiatry

Walter Reed Army Inst. of Research

ol A N s . 12

Washington, D. C. 20012

Commander

USA ARRADCOM

Attn: DRDAR-SCF-CC (Dr. N. Coleman)

Dover, New Jersey 07801

Director

US Army Signals Warfare Lab.
Attn: DELSW-0S

Vint Hill Farms Station
Warrenton, Virginia 22186

Department of the Air Force

Mr. Robert Barrett
RADC/ES
Hanscom AFB, Massachusetts 01731

- VP e e ey




Dr. Carl E. Baum
AFWL (ES)
Kirtland AFB, New Mexico 87117

Dr, E. Champagne

AFAL/DH

Wright-Patterson AFB, Ohio 45433
Dr. R. P. Dolan

RADC/ESR

Hanscom AFB, Massachusetts 01731
Mr., W. Edwards

AFAL/DH

Wright-Patterson AFB, Ohio 45433

Professor R. E. Fontana

Head, Dept. of Electrical Engineering
AFIT/ENE

Wright-Patterson AFB, Ohio 45433

Dr. Alan Garscadden
AFAPL/POD
Wright-Patterson AFB, Ohio 45433

USAF European Off. of Aerosp. Res.
Attn: Major J. Gorrell

Box 14

FPO, New York 09510

LTC Richard J. Gowen
Department of Electrical Engineering
USAF Academy, Colorado 80840

Mr. Murray Kesselman (ISCA)
Rome Air Development Center
Griffiss AFB, New York 13441

Dr. G. Knausenberger

Air Force Member, TAC

Air Force Office of Scientific
Research, (AFSC) AFSOR/NE

Bolling Air Force Base, D, C. 20332

Col. R. V. Gomes

Air Force Member, TAC

Air Force Office of Scientific
Research, (AFSC) AFSOR/NE

Bolling Air Force Base, D, C. 20332

Mr. R, D. Larson

AFAL/DHR 2
Wright-Patterson AFB, Ohio 45433
Dr. Edward Altshuler
RADC/EEP

Hanscom AFB, Massachusetts 01731
Mr. John Mottsmith (MCI)
HQ ESD (AFSC)

Hanscom AFB, Massachusetts 01731
Dr. Richard Picard
RADC/ETSL

Hanscom AFB, Massachusetts 01731
Dr. J. Ryles

Chief Scientist

AFAL/CA

Wright-Patterson AFB, Ohio 45433
Dr. Allan Schell

RADC/EE

Hanscom AFB, Massachusetts 01731
Mr. H. E. Webb, Jr. (ISCP)

Rome Air Development Center
Griffiss AFB, New York 13441

Dr. R. Kelley
Air Force Office of Scientific
Research, (AFSC) AFOSR/NP

Bolling Air Force Base, D, C, 20332

LTC G. McKemie

Air Force Office of Scientific
Research, (AFSC) AFOSR/NM

Bolling Air Force Base, D, C. 20332

Department of the Navy

Office of Naval Research
Attn: Codes 220/221

800 North Quincy Street
Arlington, Virginia 22217

Office of Naval Research
Attn: Code 427

800 North Quincy Street
Arlington, Virginia 22217




Office of Naval Research
Attn: Code 432

800 North Quincy Street
Arlington, Virginia 22217

Naval Research Laboratory

Attn: Code 1405, Dr, S. Teitler
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory

Attn: Code 2627 Mrs. D. Folen
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory

Attn: Code 5200, A. Brodzinsky
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory
Attn: Code 5210, J. E. Davey
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory

Attn: Code 5270, B. D. McCombe
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory
Attn: Code 5403, J. E. Shore
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory

Attn: Codes 5464/5410, J. R, Davis
4555 Overlook Avenue, S.W,
Washington, D. C. 20375

Naval Research Laboratory
Attn: Code 5510, W, L. Faust
4555 Overlook Avenue, S.W,
Washington, D. -C. 20375

Naval Research Laboratory
Attn: Code 7701, J. D, Brown
4555 Overlook Avenue, S, W,
Washington, D, C. 20375

Director

Office of Naval Research
Branch Office

495 Summer Street

Boston, Massachusetts 02210

Director

Office of Naval Research
New York Area Office

715 Broadway, S5th Floor
New York, New York 10003

Director

Office of Naval Research
Branch Office

536 South Clark Street

Chicago, Illinois 60605

Director

Office of Naval Research
Branch Office

1030 East Green Street

Pasadena, California 91101

Office of Naval Research

San Francisco Area Office

760 Market Street, Room 447

San Francisco, California 94102

Naval Surface Weapons Center
Attn: Technical Library
Code DX-21

Dahlgren, Virginia 22448

Dr. J. H. Mills, Jr,

Naval Surface Weapons Center
Code DF

Dahlgren, Virginia 22448

Naval Air Development Center
Attn: Code 01, Dr, R. Lobb
Johnsville

Warminster, Pennsylvania 18974

Naval Air Development Center
Attn: Code 202, T. Shopple
Johnsville

Warminster, Pennsylvania 18974

Naval Air Development Center
Technical Library

Johnsville

Warminster, Pennsylvania 18974

.

S e A A

e s ot




Dr, Gernot M. R. Winkler
Director, Time Service

US Naval Observatory

Mass. Avenue at 34th Str., N.W,
washington, D. C. 20390

Dr. G. Gould

Technical Director

Naval Coastal Systems Laboratory
Panama City, Florida 32401

Dr., W, A. VonWinkle

Associate Technical Dir. for Techn.

Naval Underwater Systems Center
New London, Connecticut 06320

Naval Underwater Systems Center
Attn: J. Merrill
Newport, Rhode Island 02840

Technical Director
Naval Underwater Systems Center
New London, Connecticut 06320

Naval Research Laboratory
Underwater Sound Reference Div.
Technical Library

P. O. Box 8337

Orlando, Florida 32806

Naval Ocean Systems Center
Attn: Code 01, H. L. Blood
San Diego, California 92152

Naval Ocean Systems Center
Attn: Code 015, P, C, Fletcher
San Diego, California 92152

Naval Ocean Systems Center
Attn: Code 9102, W, J. Dejka
San Diego, California 92152

Naval Ocean Systems Center
Attn: Code 922, H, H, Wieder
San Diego, California 92152

Naval Ocean Systems Center
Attn: Code 532, J. H., Richter
San Diego, California 92152

Naval Weapons Center
Attn: Code 601, F. C, Essig
China Lake, California 93555

Naval Weapons Center
Attn: Code 5515, M. H. Ritchie
China Lake, California 93555

Donald E. Kirk

Professor & Chairman, Elec. Engin.
Sp-304

Naval Postgraduate School
Monterey, California 93940

Mr. J. C. French

National Bureau of Standards
Electronics Technology Division
Washington, D. C. 20234

Harris B. Stone

Office of Research, Development,
Test & Evaluation

NOP-987

The Pentagon, Room 5D760

Washington, D. C. 20350

Dr. A. L. Slafkosky

Code RD-1

Headquarters Marine Corps
Washington, D. C. 20380

Dr. H. J. Mueller

Naval Air Systems Command
Code 310, JP #1

1411 Jefferscn Davis Hwy.
Arlington, Virginia 20360

Mr. Larry Sumney

Naval Electronics Systems Command
Code O3R, NC #1

2511 Jeffexson Davis Hwy.
Arlington, Virginia 20360

Naval Sea Systems Command
Attn: Code 03C, J. H. Huth
NC #3

2531 Jefferson Davis Hwy.
Arlington, Virginia 20362

Officer in Charge

Attn: Code 522,1, Technical Library

Carderock Laboratory

David Taylor Naval Ship Research
& Development Center

Bethesda, Maryland 20084




Officer in Charge

Attn: Code 18, G. H. Gleissner

Carderock Laboratory

David Taylor Naval Ship Research
& Development Center

Bethesda, Maryland 20084

Naval Surface Weapons Center

Attn: Code WX-40, Technical Library
White Oak

Silver Spring, Maryland 20910

Naval Surface Weapons Center

Attn: Code WR-303, R. S. Allgaier
White Oak

Silver Spring, Maryland 20910

Naval Surface Weapons Center
Attn: Code WR-34, H. R. Riedl
White Oak

Silver Spring, Maryland .20910

Other Government Agencies

Dr. Howard W, Etzel

Deputy Director

Division of Materials Research
National Science Foundation
1800 G Street

Washington, D. C. 20550

Mr, J. C. French

National Bureau of Standards
Electronics Technology Division
Washington, D, C. 20234

Dr., Jay Harris

Program Director

Devices and Waves Program
National Science Foundation
1800 G Street

Washington, D. C. 20550

Los Alamos Scientific Laboratory
Attn: Reports Library

P. O, Box 1663

Los Alamos, New Mexico 87544

Dr, Dean Mitchell

Program Director, Solid-State Physics
Division of Materials Research
National Science Foundation

1800 G Street

Washington, D. C. 20550

Mr., F, C. Schwenk, RD-T
National Aeronautics & Space Admin.
Washington, D. C. 20546

M. Zane Thornton

Deputy Director, Institute for
Computer Sciences & Technology

National Bureau of Standards

Washington, D. C. 20234

Head

Electrical Sciences & Analysis Sec.
National Science Foundation

1800 G Street, N.W,

Washington, D. C. 20550

Non-Government Agencies

Director

Columbia Radiation Laboratory
Columbia University

538 West 120th Street

New York, New York 10027

Director

Coordinated Science Laboratory
University of Illinois

Urbana, Illinois 61801

Director

Division of Engineering &
Applied Physics

Harvard University

Pierce Hall

Cambridge, Massachusetts 02138

Director

Electronics Research Center
The University of Texas

P. 0. Box 7728

Austin, Texas 78712




Director
Electronics Research Laboratory
University of California
Berkeley, California 94720

Director

Electronics Sciences Laboratory
University of Southern Califormnia
Los Angeles, California 90007

Director

Microwave Research Institute
Polytechnic Institute of New York
333 Jay Street

Brooklyn, New York 11201

Director

Research Laboratory of Electromnics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Director
Stanford Electronics Laboratory
Stanford University

Stanford, California 94305

Director

Stanford Ginzton Laboratory
Stanford University
Stanford, California 94305

Dr, Lester Eastman

School of Electrical Engineering
Cornell University

Ithaca, New York 14850

Chairman

Department of Electrical Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332

Dr., Carlton Walter
ElectroScience Laboratory
The Ohio State University
Columbus, Ohio 43212

Dr. Richard Saeks

Department of Electrical Engineering
Texas Tech University

Lubbock, Texas 79409

Dr. Roy Gould

Executive Officer for Applied Physics
California Institute of Technology
Pasadena, California 91125

T T e S R

3
4
i1
i)
i
4
]
§
H
3
-
F




