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ABSTRACT
This study presents the methodology for the
hierachical construction of digital control system
which can be of practical value to & wide application
of sequence control. Optimization of digital control
system, programming of the system by micropascel, and

simulation of s model program under test are
discussed.
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Fig. 1. The Glushkov model
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Table 1. Eleven-line set of commands for Micropascal

T

Mnemonics ! 8] W
PROGRAM np zgyPe Az
END PROGRAM =203 27
PROCEDURE p xR Al
END PROCEDURE 2=gaP9 &
DO REG(j) < OUT S8 949y
CALL p nxg39 oF 99
IF x gy W4 23 w3 3y
ELSE 29 izl 99
ENDIF 27 43y999 24
WHILE x 27 ¢8 99
END WHILE 27 48 99 53
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1) &8 93 (DO REG() <- 0UT ) : j = #Hzla
B RECS) Wale|z, OUTe: F UG viebdoh
2) 3 % (CALL ADSP ) : ADSP: R=% 3¢

SPe] M& Wa]elx.
(1100 __~ ADSPT:0]

B W8 ( IF xELSE ADRD ) : 1% E7|9849)
Hatol ADROE x;= 0w} ¥ Wrlelrh
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219 PPE Eoha A stx HHelvh
1L ——

29 1 e 2o YU AGEE dehdch
o] o UUHAG MPL £ EHE Zo] 29 4of Yuh

3

-

gty F3HLe IR YA =21 (source
program) & TE 3 styely dojd) =2 Y (object
program) 28 W s Zejct.

E2E 2gdoist el dojzeadE 9L

AN 11 79 Fa Dol& 4 AREE e Holh



FER

Al 24
e ke

€2
ﬂlﬂ '::::
A2
T T
T W Y
l MD 16
M
NA
]
256 X 16

a9 3. )
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MODULE : Modelling test unit
MEMORY : AC(1];MD[16];PC([8];IR[16];STACK[16,8];
M[256,16); REG{4];VAR[4]; REGM[1S,8];
VARM (18, 1] ;SP[4)
INPUT : start
BUSES : ABUS[16];BBUS[16]
1. —> (S¥N(start)) / (1)
2. MALK—PC
3. MD <—- BUSFN ( M;DCD(MA))
4. IR <— MWD
5. — (IRy) / (15)
6. NO DELAY
—> (IR / (12)
7. VAR <— IRsy
8. AC <— BUSFN ( YARM;DCD(VYAR))
9. —> (AC) / (11)
10. PC <— INC(PC);
—> ()
11, MA <— IRgq;
—> (3)
12.  REG <— IRpm
13.  REGM#DCD (REG) <— IR,
14, PC<—8TO ;
— (2)
15. —> (IRw) /7 (18)
16,  SP <— INC(SP)
17.  PC <— BUSFN(STACK;DCD(SP))
— (2)
18. — (IR ) / (22)
19.  STACK#DCD(SP) <— PC
20. SP <— DEC (SP)
21, PC <— IRcy
—> (2)
22. DEAD END
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Fig. 4. The modelling test unit AHPL program
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WHILE. .

IF.. ELSE..

ENDWHILE o] otx1e)3 o} ).

ENDIF o dmeiZolm ¥ 4%
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Table 2. The four HLL-line catagories
Category HLL line LLL instruction
1 DO REG(j) OUT DO REG(j) OUT
ENDPROCEDURE RET
2 PROGRAM np
ENDIF
PROCEDURE p No LLL instruction
ENDPROGRAM
3 WHILE x IF x ELSE ADRO
ELSE (60 TO ADR+)
IF x
ENDWHILE
4 CALL p CALL ADSP
3 3. IF.. ELSE.. ENDIF Pt dneld
Table 3. Compilation algorithm
for the IF.. ELSE.. ENDIF construction

|

HL(#H4A) 22029

LLL(% ) program

a2y Haf YRy (Mnemonics) 5 9u
i F o B
w 02 IF D ELSE ? = IF D ELSE ADRO LRSS
s oD 02 IF D ELSE, 1§ = {F D ELSE ADRELSEHI "2
1 6LSE 16 G010 7 < GO TO ABRY ADRELSE =16 _j
» ADELSE+ 1 =|1§_
[E T 02 IFOELSE 17 . ;z
o ELsE 16 GO TO 30 = GO T0 ADREND41 1 5
L. 11455
I BOIR ENDIF ADREND = 29
(e} ADREND + 1+ 30 n
a) First step : IF..
b) Second step : ELSE.. ; ADRO = ADRLSE + 1
c) Third step : ENDIF ; ADR+ = ADREND + 1

B 4. WHILE..

ENDWHILE ¢] @sbe) owelsm

Table 4. Compilation algorithm

for the WHILE..

ENDWHILE construction

HL{H4) 2e2d LLL (%) ‘il@
yey ¥l dry F2420%
WHILE K 08 [FK ELSE ADRD ADRWHILE = 0l¢.—
{s)
WILE X 00 IFK ELSE? a IFK ELSE ADRS 08
ENDWHILE M COTO Q0 =« GO T0 ADRVHILE 0
O
WHILE X 00 IFK ELSE 03 s IFK ELSE ADRWHILE+1 o8
ENDWHILE 90 G0 TO g0 ADRENDWHILE«01
(e) ADRENDWHELES$ 1=02
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8) First step : WHILE..
b) Second step : END WHILE ; ADRWHILE
¢) Third step ; END WHILE ; ADR) = ADRENDWHILE + 1
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REGISTER(4) =1 : EN& #H&& 9v)

0: EHE A d&& 9vl

REGISTER(5) = 1 : & o) ?9& 9 F 4% DRILLY
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B a)A=0 B b)A=1
¢ 9 1 o 0 1
0 | gotox | movex ungras | center
1| gotoy | movey grasp | drill
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Fig. 7. Karnaugh maps for instruction
Bz (gotox P ol P-A5F HEY oAolet.
DE bE o
FGC 00 01 11 10 FE 00 01 11 10
oo of-1}-3]-2 00 -3 “jgw
L Fo i
o 1] of-2]-1 01 ~2t -t} 6
[ Y
IEININIE il s 2
— 1 P 1|1y
| 2| 1|-1)0 | 24 1
8) b) c)
#1-8 ,2-65,8-83, -1-54, -2-55, -3- 56

ABCDEFGHIJKLMNOP
T 1
GOTOX (DE, FG) l 000DEFG |
] 1
GOTOY (DE, FG) lo 01DEFG I
r
MOVEX (DE, FG) ! 010DEFG '
f 1
MOVEY (DE, FG) !o 11DEFG l
I 1
UNGRASP ! 100 [
[ 1
GRASP ! 101 }
I 1
DRILL (DE}) ! 110DE !
I 1
CENTER ll 11 !
3 HARF ezl e Wk ohE 3 %t
REGISTER[0] = x : x U2 X2 o7 ol%
REGISTER(1] =y : y ¥ Y& og o|%
REGISTER(Z] =x : EME 2x=uJ} 23
x 2 XHoR ofF
REGISTER([3] =y : =2 N& 2xuy} ¥z

y ¥F 15208 o|F
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23 8. gotox P2l Karnaugh =
Fig. 8. Karnaugh maps for gotox instruction

Prime P°-function :

Ao= <D'F" + DF ; SP>
A=<DPEFG ; S1 >

A,=<D'EFG +DEF'G 2>

A= <DEFG 5 S3>

A=< DE'F'E ; S4 >

Ac= <DEFG +DEFG ; 85>

A= CDEFG  ; S6>

Prime P'-function

B,= ATz A = <D'F G ; S2¢E' S14E >
B/= A;T; A= <D'F G ; S3#E' + S23E >
B= A,T.A,= < D F'G ; S4sE' + SS4E >

Prime P*-function :

G’ (S2%E' + S1#E )
+ G (S3#E" + S2#E ) >

Ci= BT Bi= <D F'; G'(S4«E’ + S52E )
+ G (Sh#E' + S6#E ) >

C.- B,T,B=<DF;

I3

Prime P’ -fanction :

F'#SP + F (G'(S2#E’ + SI#E)

+ G (S3+E' + S24E )) >
; F'(G'(S4#E' + SbeE )
+ G (S54E° + SG#E ) ) + F#SP >

D= ATC= <D




Prime P -function :
Eg= DT, D= <1 ; D'F'#5SP + D'F (G’ (S2#E" + S1#E )
+ G (S3#E' + S24E )) + D F' (G’ (S4¢E" +S5#E )
+ G (S5%E' +SG#E )) + D F #SP >
3 FAYoA SYALE oA HY 2Y=F P&

4 ded 29 9 o BAEY.
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Fig. 8. Optimal graph for gotex
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for gotox instruction

HLL(source) program LLL{object) program
ADR D Mnemonicy ADR D Moemonics

G0 | PROCRAN 1 PROGRAN PP

01 | WHILE £ (1] IFX ELSE 02

02 | ENDWHILE a1 LoTo 9

01 |IFD 02 1FD ELSE 17

4 IFF [ IFF ELSE ¢

05 CALL SPO 123 CALL 30

[ ELSE [ €070 t§

a1 IF G 06 IFC ELSE 12

o8 IfF E 07 IFE ELSE 10

99 DO REC(3) < 5 9% 1 noREG(R)CS

0 ELS o0s 60T 11

n 00 REG(0) ¢ 4 10 DOREG (0) <4

12 ENDIF ENDIF

13 ELSE 13 €OTO 1§

14 IFE 12 IFE ELSE 15

1§ 00 REC(D) < & 13 DOREG(0)<E

1% ELSE 14 GOTO ($

17 00 REG(0) < § 15 DOREC(0) ¢S

13 ENDIF ENDIF

19 ENDIF ENDIF

20 ENDIF ENDIF

21 | ELSE 1% COTO 30

22 1IF F 1 {FF ELSE 29

23 LA 18 IFG ELSE 24

4 IFE 13 IFE ELSE 22

5 DO REC(0) < 2 20 DOREC(0)<2

H ] ¢oTe 23

2 DO REG(R) ¢ 3 22 DOREG (0)<3

28 ENDIF

29 ELSE k&) €070 23

k1 ] IF £ £33 IFE ELSE 27

3 DO REG(0) < ! 25 DOREC(0)<1

32 ® GOTO 28

3 00 REG(0) < 2 1 DOREG(0)<2

) ENDIF

15 ENDIF ENDIF

36 ELSE 28 GOTD 20

37 CALL SP8 ] CALL 30

3 ENDIF ENDIF

13 | ENDIF ENDIF

48 | PROCEDURE SPO SUBPROGRAM SP8

41 [IFE 3 IFE ELSE 3§

4 Irs n IFC ELSE 34

43 00 REG(3) < 0 12 DOREG(0) <0

4“4 fLSE 13 GOTO 35

45 DO REG(0) ¢ 4 34 DOREG(0) <4

“® ENDIF ENDIF

47 | ELSE 35 GOTO 49

4 IF ¢ % IFG ELSE 39

49 D8 REG(0) < ¢t 3 DOREG (D)<Y

58 TnsE k] COTO 40

st DO REC(8) < 0 ki) DOREG(0)<%

52 ENDIF ENDIF

53 | mNOIF ENDIF

54 | ENDPROCEDURE 4@ BET

55 ! ENDPROCRAM 4 ENDPROGRAM
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VARM[0..F) = 0000011000600000

RUN

REGISTER {0}
REGISTER(3)
REGISTER [6)

VARM([0..F] = 0010001000800000

RUN

REGISTER 0]
REGISTER (3]
REGISTER (6]

VARM[0..F] = 1010000000000000

RUN

REGISTER (0]
REGISTER({3]
REGISTER (6)

YARM{0..F} = 0101111000000000

RUN

REGISTER (6]
REGISTER(3)
REGISTER [6]

YARM[0..F} = 0110110000000000

RUN

REGISTER [0}
REGISTER([3)
REGISTER[S6)

= 3 REGISTER[!
=0
= 0 REGISTER[7

= 0 REGISTER{I
=0
= 0 REGISTER{7

= 0 REGISTER{!
=0
= 0 REGISTER(?

REGISTER([I)
REGISTER [4]

=0
=0
= § REGISTER[7)

REGISTER{1]
REGISTER {4)

=0
=1
= 0 REGISTER[?]

Honon

0owom

VARM[0..F} = 1110000000000000

RUN

REGISTER [0]
‘REGISTER[3]
REGISTER 6]

REGISTER(1]
REGISTER [4)

=8
=0
= 0 REGISTER[T]

VARM{0..F] = 1101100000000000

RN
REGISTER [0]
REGISTER [3]
REGISTER [6)

29 10644 & 4 2x ANY gotox(0, D F eAxlA
B R[0) 4 gto] 30 Wsdong AHHOT TuE
oJ8d 4 Y& 2Y=,
gotoy(0, DA% 9% = olal2e R[119 gel 1 2 WA
B Qov, graspdd FRol:
12, movex(3,3)9Y 49 Foi:=
» movey(1,2)39 42 Foi:= whzxlxe] R(319 g
°o] 1 &, center3d¥ Fol= ela)Ae R(5]9 o] 1 &

g& X5

0=

» dril1(3)4% Fol: efal2e] R(614 ol 3 2= ¥

t}.

REGISTER[1]
REGISTER [4]

=9
=0
=3 REGISTER(7]

wonon

=0
REGISTER[4) = ¢
1=10
=1
REGISTER[4]) = 0
1 =0

1=9
REGISTER[4] = 1
=0

&

oo

Modeling Test Unit

REGISTER[2] = 0
REGISTER{S] = 0
a) gotox H¥Y
REGISTER(2) = 0
REGISTER[S] = ¢
b) gotoy 3%
REGISTER[2) = 0
REGISTER{S} = ©
c) grasp 99
REGISTER([2} = 0
REGISTER({S] = 0
d) movex g
REGISTER({Z] = 0
REGISTER{5] = ©
e) movey 3¢
REGISTER[2) = 0
REGISTER{S] = 1
f) center 39
REGISTER([2}) = 0
REGISTER{5] = ©
g) drill 99

29 10. 49 733

Fig.
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10. Execution result
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