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(SYSTEM) SIMPLE :
(TIME) P{(100)), PC((9)).
(REGISTER) READ, RUN, CLEAR, -.....
(TERMINAL) RR, CW, DCRR, ..
(AUTOMATON) CPU: P:

¢END} CPU.
(AUTOMATON)Y MEMORY: P:
(REGISTER) MAR(16), MDR(16), RCYCLE, - ...
(STORAGE) M(1024, 16).
(STATES)
IDLE: MEMAV =1,
| *RR@CW@DCRR@DCCW % |—RC 1,
RCYCLE< —RR|DCRR, |*RR@CW |
MAR< —CPUTOMEM; MAR< —~DCTOMEM. ;
—IDLE..
RC1: | %CW%|MDR<—CPUTOMEM;
| % DCCW % [MDR < —~DCTOMEM ; MDR < —B'O(16)".,
—~RC11.

(END) MEMORY.
(END) SIMPLE.

6 DDL ztof
Fig. 6 DDL description.

#C@: PROC; /% COMBINATIONAL CIRCUIT %,/
DCL1 @O EXT ALIGNED, /% FACILITIES IN
SYSTEM x /
2(P, PC) BIT(1), /% TIME %/
2(RR, RR§) BIT(1), /% TERMINAL %/
DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY x /
2(MEMORY $ MAR, MEMORY $ MAR #) BIT(16),
DCL § CHANGE BIN FIXED(15) INIT(1);
P=§CLKSTA ('P'); PC=4CLKSTA ('PC");
DO WHILE (§ CHANGE—=0);
RR §='0' B; /% CLEAR ALL TERMINALS %/
CW §=10' B;
$ CHANGE=0;
CALL §C1;
CALL §C2;
/% UPDATE ALL TERMINALS AND IF ANY CHANGE
THEN INCREASE $ CHANGE BY 1 %/
IF RR $-=RR THEN DO; RR=RR $; $ CHANGE
=} CHANGE+1; END;
IF CW §—=CW THEN DO; CW=CW {; $ CHANGE
=3 CHANGE+1; END;
END;
END §C@;
$C2: PROC; /% AUTOMATON MEMORY %,/
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM x/
DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY %/
IF MEMORY $ IDLE THEN DO; /% STATE IDLE %/
MEMAV §='1"' B;
END;
IF MEMORY $ WR1 THEN DO;
IF MEMORY $ RCYCLE THEN DO;
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MEMBUS $§=MEMORY $ MDR;
END;
END;
END $C2;

$U2: PROC; /% 1 TO 0 TRANSITION OF CLOCK %/
/% AUTOMATON MEMORY x/
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM %/

DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY %/

DCL S#2(7) BIT(1) EXT;
DCL 1§2(8) BIT(1) EXT;

IF S§2(1) THEN DO; /% STATE IDLE %/
IF [$2 (1) THEN DO;
MEMORY $ IDLE=MEMORY $ IDLE ;
MEMORY $ RC 1=MEMORY $ RC 1 ;
MEMORY $ RCYCLE=MEMORY $ RCYCLE §;
IF 182 (2) THEN DO;
MEMORY $ MAR=MEMORY $ MAR?};
END;
ELSE DO;
MEMORY $ MAR=MEMORY $ MAR &;
END;
END;
ELSE DO;
MEMORY § IDLE=MEMORY $ IDLE &;
END;
END;
END #U2;
$T2: PROC; /% 0 TO 1 TRANSTION OF CLOCK %/
/% AUTOMATON MEMORY %/
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM %/

DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY %/

DCL S§2(7) BIT(1) EXT;
DCL I§2(8) BIT(1) EXT;
S$2(1)=MEMORY $IDLE; /% STATE IDLE %/
IF S$2 (1) THEN DO;
142 (1)=#EOR ($}EOR ($ EOR (RR, CW), DCRR),
DCCW);
IF 1$2 (1) THEN DO;
MEMORY $IDLE §='0' B;
MEMORY$RC1§='1"' B;
MEMORY $ RCYCLE §=RR|DCRR;
142 (2)=4EOR (RR, CW);
IF 142 (2) THEN DO;
MEMORY $ MAR $=CPUTOMEM ;
END;
ELSE DO;
MEMORY $ MAR §=DCTOMEM;
END;
END;
ELSE DO;
MEMORY $ IDLE #='1" B;
END;
END;
END #T2;
7 DDL av,e4 598493 PL/L a5 4

Fig. 7 PL/1 compiled from DDL.
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SCL SIMPLE;
/% TEST PROGRAM %/
INIT AT 0 MEMORY §$ M(0) =B '0100000000001111';
INIT AT 0 MEMORY § M(1) =B '0111000000010000';

INIT AT 0 MEMORY § M(24) =B '0000000000000110" ;
INIT AT 0 RUN=B '1%;
/% TRACE OF FACILITIES %/
TRACE (P) READ, CPU$GO, CPUSCR, CPUSCAR,
CPU $ ACC,

(C(8), S, B, S, B, § X, S X, § X

B, S(2), B, S, X, S, X);
/% END CONDITION %/
END ON CPU $ CAR="'0000000000010000' B
LCS;

® 10 SCL Zhofl
Fig. 10 SCL description.
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#SINTO: PROC; /% INITIALIZATION X/
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM %/
DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY x/
MEMORY $ M( 1) ='0100000000001111' B;
MEMORY $ M( 2 ) ='0111000000010000' B;
RUN='1"' B;
CPUS$IF1='1'B; /% INITIAL STATE */
MEMORY $IDLE="'1"' B;
END #SINTO;
#SOUT: PROC; /% OUTPUT %/
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM %/
DCL1 @D EXT ALIGNED,
/% FACILITIES IN AUTOMATON
MEMORY %/
DCL # TRCFL FILE PRINT;
DCL # TRCMRX (132) CHAR(14) INIT((132) (14)' ');
DCL 4 TRLN CHAR(132);
ON ENDPAGE (# TRCFL) BEGIN;
SUBSTR (¥ TRCMRX(8), 5, 9)='CLOCK P/
SUBSTR (4 TRCMRX(12), 11, 3)='RUN';
SUBSTR (# TRCMRX(14), 7, 7)='CPUSIF1';
DO 2I=1 TO 14;
DO #J=1 TO 132;
SUBSTR (¢ TRLN, #J, 1)
=SUBSTR (¥ TRCMRX(£]), 21, 1);
END;
END;
END;
IF 3 CLKUPD ('P')|(3 TIME=0) THEN DO;
PUT FILE (4 TRCFL) EDIT (¢ CLKNO, READ,
CPUS$GO,
(COLUMN(1), F(8), X(1), B, X(1),
END;
END #SOUT;
#SEND: PROC (2ENDBT); /% END CONDITION */
DCL1 @O EXT ALIGNED,
/% FACILITIES IN SYSTEM %/
DCL1 @E EXT ALIGNED,
/* FACILITIES IN AUTOMATON
CPU x

DCL # TIME BIN FIXED(31) EXT; /% SIM. TIME %/

IF CPU $ CAR="'0000000000010000' B THEN DO;

2ENDBT='1"' B;
END;
END #SEND;
11 SCL av.,e4 505442 PL/1 Fos'5 A
Fig. 11 PL/1 compiled from SCL.
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Fig. 12 Linkage information (SCL).

#SIMCTL : PROC OPTIONS (MAIN);

/% MAIN PROGRAM FOR DDL
SIMULATOR %/
DCL1 #CLOCKTBL(2) EXT ALIGNED,
/% CLOCK TABLE */
2 $IDENTIFIER CHAR(32) INIT ('P, 'PCY),
2 3 PERIOD BIN FIXED(31) INIT (100, 9),
2 $ PHASE BIN FIXED(31) INIT (0, 0),
2 $ WIDTH BIN FIXED(31) INIT(1, 1),
2 2STATE BIT(1) INIT((2)(1) '0' B),
2 4 TRANSFER BIT(1) INIT((2)(1) '0' B),
2 # UPDATE BIT(1) INIT((2)(1) '0' B);
DCL $EVENTTBL(1) BIN FIXED(31) INIT(0);
/% EVENT TABLE %/
DCL ¢ TIME BIN FIXED(31)EXT; /% SIM. TIME %/
CALL #SINTO; /% INITIALIZATION *,/
DO WHILE ('1' B);
3 TIME=2147483647; /% EVENT TIME %,/
DO 21=1 TO 2;
IF 2 CLOCKTBL (#1). # NEXTEVENT<TIME
THEN # TIME=$ CLOCKTBL (2 I).
# NEXTEVENT;
END;
DO ¢I=1 TO 1;
IF $EVENTTBL (#1)<$ TIME THEN
$ TIME=$EVENTTBL (#I);
EDN;
DO #I=1 TO 2;
IF $CLOCKTBL (31). 4 NEXTEVENT=4# TIME &
¢ CLOCKTBL ($I). $STATE='0' B THEN
DO;
# CLOCKTBL (¢#1). $ NEXTEVENT=
#CLOCKTBL ($I). # NEXTEVENT
+#CLOCKTBL (¢I). # WIDTH;
END;
END;
IF CLOCKTBL(1). $ UPDATE THEN DO;
/% CLOCK P, 1 TO 0
CALL 3U1;
CALL 2U2;

END; )

CALL 3C@; /% COMBINATIONAL CIRCUIT */
IF $#CLOCKTBL(1). 4 TRANSFER THEN DO;
/% CLOCK P, 0 TO 1 %
CALL #T1;
CALL #Tz2;

END:
CALL #SOUT; /% OUTPUT %/

CALL #SEND (: ENDBT);
/% END CONDITION %
IF $ENDBT THEN GO TO 3 ENDSIM;
END;
2ENDSIM:

. ‘

END #SIMCTL;

13 DDL VY »D3tkd B 44>« Fussa

Fig. 13 Main program generated by DDL linker.



Vol. 21 No. 1
[ YI9TR IﬁT/:T'(’)Z

EEEEEE |

DDL(SCL) IS

14 av,845 «avr450ER
Fig. 14 Use of compiler-compiler.

LALR(2)X¥: (2@ TRYLIEFA2ERST S
LIz X D RRITATRES L) TREBEINTNS, 7Y
74 7212 PLA1 c&»h, DDL 382727 v 7,
SCL 35 FRF 9 7H 515 5. MBCELALIHK
2 2ZAETH 3.

4.3 [ERG&RE

6@ DDL & 10 @ SCL @Ed% AT, ¥ 3
ab—varEfF-r#EER 15 KRT. AY 1a
V=2l M 190 Rzt v 7Y 2y rahTsh, #
o2 E 16 12T,

5. DDL PSRV —%

DDL } 5 RV — 23 iEetH o BRI ~D
BEEBMAEFSYR—F - V7 T THY, &t
IZERLRE, ERBHEZPHRE LTI 72DICHA

C
L
O C C C
C C C P P P
K P P U U U M
R U U $ $ $ E
/ E s $ o] A B M
P A G I A C U A
/ D O R R C F v
792 1 0 6013 000D 0002 0001 O
793 0 1 6013 000D 0002 0001 1
794 0 0 6013 000D 0002 0001 O
795 0 0 6013 000D 0002 0001 O
796 0 0 6013 000D 0002 0001 O
797 0 0 6013 000D 0002 0001 O
798 0 0 6013 000D 0002 0001 O
799 0 0 6013 000D 0002 0001 O
800 O 0 6013 000D 0002 0001 O
sS01 0 0O 6013 000D 0002 0001 O
$02 1 0 6013 000D 0002 0001 O
803 1 0 6013 000D 0002 0005 O
804 1 0O 6013 000D FFFD 0005 0
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Fig. 16 Performance of DDL simulator.
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0 0000 0000 00000 1 0013 0000
0 0000 0000 00000 1 0013 0000
0 0000 0000 00000 1 0013 0000
0 0000 0000 00000 1 0013 0000
0 0000 0000 00000 1 0013 0000
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0 0000 0000 00100 1 0013 0000
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0 0000 0000 00000 1 0013 0005
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Fig. 15 Simulation results.
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17 DDL F5v 2L —2 0
Fig. 17 Structure of DDL translator.
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Zrv )T 40y \EHEZBECL, VYT 7
V7424 77 )7 4 1cEHRT 2. CASEXX
2 IF XoBaicE#REh 3. (SUBSTITUTE) #:3¢
(=78) TEBINIARV —vavid, 2hiE
RUTW3EASKEAIN 5. (STATES) 3L, v
=4 v AGRERES ARV —y 3 v ESETZ LS
IF X~NEEBEIN D, F-BROTRIC HE HiE X
TV RAZHRCT S, ChooFHicky 2 X
MEED IF X575 DDL IesdsslR & h, ch
13/°2 3 TRGDOFEMBIC L b, KOKLEMEARA
RV =Y aryh5iis DDL BN EEHmExh 29,

1) VR aEgEAr RV —y gy

| 3% condition k| sink< —source.
2) 2—IFAEAFRV—v gy
|5k condition k| sink=source.

(a) ; SOURCE SINK
: CONDITION
(b)
-] SOURCE SINK
k| F.F
R

18 REAEFIEEXI RV —v 3 VORBEEOR
Fig. 18 Schematic representation of conditional
basic operation.
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3) RF— I BBA SV —v a3y
|k condition %] — >state-id.
TZig, Ik k|. 2 IF XTh5. B 18 It &4
EXA RV - a VOERPERT. ERBROXHE
BEINLREGEFERI V-V a3, R 4ITHD
T, SINK &3 7 7 ) F 4120 TE EH A,

(AUTOMATON) MEMORY: P:

| MEMORY $IDLE %|MEMAV=1.,

I *(RR(0)@CW(0)@DCRR(0)@DCCW(0)) &
MEMORY $ IDLE |

—~MEMORY $RC 1.,

|% (RR(0)@CW(0)@DCRR(0)@DCCW(0)) &
MEMORY $IDLE x|

MEMORY $ RCYCLE(0) < —RR(0)|DCRR(0).,

|* CW(0) & MEMORY §RC1 x|

MEMORY $ MDR (0: 15) <—CPUTOMEM (0: 15).,
[% DCCW(0) &-CW(0) & MEMORY$RC 1 |
MEMORY $ MDR (0: 15) < —DCTOMEM (0: 15).,
|*% —DCCW(0) & CW(0) & MEMORY $§ RC 1 x|
MEMORY $ MDR (0: 15) < —B '0000000000000000".,

19 #EXoMB{tos]
Fig. 19 Example of syntax reduction.

61 MEMORY$MDR (0: 15) 16 BIT (S) REGISTER
SINK

NO |ANGE| SOURCE CONDITION CLK

61-1 | (0: 15)| B '00000000 | —~DCCW(0) &-CW(0) | P
00000000" & MEMORY $RC 1

61-2 CPUTOMEM | CW(0) & MEMORY § P
(0: 15) RC1

61-3 DCTOMEM | DCCW(0) &—CW(0) & | P
(0: 15) MEMORY $§RC1

614 MEMORY $ M | MEMORY $ RCYCLE P
(MEMORY$ | (0)&MEMORY $ RC 2
MAR (0: 15))

20 F-TNICEBEMEROH AT
Fig. 20 Example of translation result (table).

peow—{NOT ——anp AND OR
cw—{NOT }—

MEMORY$RCT ——
B8'0(32)

CW ——JaND AND

MEMORY $RC 1 —
CPUTOMEM (0:15) —— S
Dccw—{AND AND

ow—{NoT }—

MEMORY$RC | ——
DCTOMEM (0:15) ——

MEMORY $RCYCLE ———AND AND
MEMORY$RC 2 ——
MEMORY $M [MEMORY $MAR]
21 ERERIC X 2 EBREEROH AR

Fig. 21 Example of translation result (logic diagram).
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