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Abstract g
ARG(Arithmetic = d4AE Y= Register

Programmable Logic Controller(PLC) is an auto- I Register)
malion device run by user’s program, Ladder dia- - -
gram(LD) and Instruction list(IL) are the most MRG(Memory vt HEE By ,
widely used language in this PLC. In this paper, Register) Register (k&) ;
mutual conversion algorithm to convert LD to IL — .
and vice versa is described. AMR(ARG Memory ARG HHE S M= Regis |

Register) ter (b it) ‘
1. 4& LOAD(I) ARG — s WHE i
: MRG[i] «~ ARG, i « i+{

THATHAN B HA 71718 PLC (Programmable -t
Logic Controller) &= A& A2 T 2ado o8 ¥ OR(I) ARG «— ARG U H Hs<o W& ‘
dol 7] wEol Relol 2A) v fd4 9 — - “
HagHdo 953 . ol PLC ZTE2H doj: AND(1) ARG «— ARG N HH HE |
IEC ( International Electro-Technical Commission 4
FA1]o) 8] A PYA2Edo](Textual Language) ANB i~ i-1
9} =8 doj(Graphic Language) 2 ¥ H H ), ARG « MRG[i] N\ ARG

WAL drEdo] FolA IL ( Instruction
List)7d Z2ad U4y fol4 wFdd, =gdof ORB i~ i-1
ZF oAl & LD(Ladder Disgram)o] #dlo] 2 A9 $ ARG <« MNRG[i] U ARG
A4 dFol sty wel AFen UAr, |

FAole 222 ddAAY JPAFez U MPS AMR{n] < ARG, n « n+l ?
D AA4Y =Z229¢F 3822 w42 T =
PLCol d&Hdfaoyd @A HWEsA77 49 PC MRD ARG «— AMR[n-1]

(Personal Computer) ¢ we 2 LDE 229 g
Adsted AF o ILE wFo] PLCol Y&t &4 MPP n +— n-1, ARG < AMR[n]
ol .

B ME AgsE PICF ILE 49 7|8o= ouT &% Coil «— ARG |
8t & PLC(IL Based PLC)ol A AL G 8t A WAalef g
EF M2 ILY LDE HEHBegE dneFol o <E1> IL8 949
a 71E€ . Table 1. Instruction of IL

Q@ #WErddE - () dd (H)dE WY
2. "o 9 §o4H9 2 dA(2 ¥
@ AHHdrddd - (FW™)vtd g (FH)vdE A H
IL 8 98 3/ e A LD s 2 dAdA( ™
2EHYE HA A FHAE BE Ads Wy ® H&EH - A HHS HEGdE 4
3w 7 PLC A "Hadols olFt ¥4 dED ® LDe 4 : Lbe F 4 Table2 LADDER[]{]}® 2
WEE A vixe, Eaoly LD A5 29 wid 2 viebd o, LADDER[r][c] ¥
o] g% WHojg wWHAE Jigsesd A& & LDe 4% 9 EF r=0, ¢c=02= o 28
o]l e BAE Elol Jet . [2] Fog ZF 7 Fsn olhz W

LD o #49&% Xmi niin iRk B A4+d ro $A%d. re Lde o
OODF AFA, -, on LY Q o™ LD o gAolT ck W RAol. ¥Y
ol AgY Fojo) W@ Hde °Ii!¥l9} o}, < AN HHE A Yd.

LADDER({r][c] 2 Data 2+
® vt d Add ez d44 Do 84
@ H¥ud - (£¥)vdg (EW)vtds WHEE LADDER{r][c).conj : c8¥rd H ol A& H& A
HHdg dAE vd LADDER{r]{c].cont : c8rd A Aol A& HHel.
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Fig 1. Example of serial and parallel connect

3. ILolA LD2 2} ¥

FolZ ILol X LDE Y HHS ILS LOAD(I) 9 d
o HARE HBs= LOAD Table A3 A A2 LOAD
Tables 2w LDE @}t 7k= LADDER[]([] Table &
F APt Aoz vy,

(1) LOAD Table 4

LOAD(I) & Haeols @20 BadA

A gAML vtdE o] Fn o vl E L2
ORBel= Walolx zZtz 3 d o ydz o
w g A [Lol A vhebub= LOAD(I) W o] A
Hi=x ddz dAHYEANE 2489 o
B3k = LOAD Table =Ajol % 8.
o] LOAD Tableg LDT{ilat= 3+
Fol doE LOANI) A4+ &7t
( A STEP S} LOADE Tableg W& Hg
LOADE & o1& ZHAstod g LOADI o
LDT[i] « 70’, A E P& LDT[i] « ‘A
W=

LOAD Table-Z # A 3t+& FlowE &9,
dE F2o JEIHRG.
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. Simple Block

(2) LADDER Tablesl =4

A=z LD

FA® LIT{ilsh IL HEoE
2 ot

£ vdeds
LADDER[ ][]+

e

LD_CNT : LOADY & Counter
Plindex).r : ORBE <4 H
P L
: ORBE d#d
A W

2 8o
20 : LADDER Table® 24
AdE 5% Ao

<

A5 dux

Plindex].c HEgxe Y

Instruction LOAD Table —‘

LOAD X000
[ LOADI X001 —  LDT{0] = "A”
AND Y000
OR €000
LOAD  M0O1 — LDT[1] = ’0’
[ ANDT  T00O0
ORB
LOAD  B0O0O — LDT[2] = 'O’
[ AND L001
ORB
— ANB
ouT Y003 ]

r: ¥ zeEeis LD d Wz
e WA gL LD W Wz
STEPol 1} = LOAD W &als A e

C) ANB

B) ORB

E) AND

E2. LOAD Table %4
Table 2. Example of LOAD Table

LADDER{0][0].conj — H& A r

LADDER[0]{0].cont « /" &'\’
P[0].r = 0 , P[0].c =
index =1, r =20, ¢ =

STEP S w o]yt LOAD(I)Y A&
LDT[LD_CNT] = ‘0’ LQufi(
i) ¢ <« Plindex-1].¢

iit) Plindex].c < ¢

i) reaaleles 492 24

iv) Plindex].r ~— r
LDT[LD_CNT] = 74" <ei(2¥3.®)

i) Plindex].c «— ¢
ii) P(index].r «— r

i) index < index + 1

ii ) LD_CNT <« LD_CNT + 1
iit ) LADDER[{rJ{c].conj «— A& A
iv) LADDER[r])[c}.cont «— %A

vy ¢ «— ¢+ 1

9 4%

i) index <« index - 1

s Ae

i) index « index - 1

ii) roll 4 Plindex-1}.r 7
iii) r < Plindex-1]

.T
ude % W&

d7d4d A=

iv) ¢ — ¥ 2 A
i) LADDER{r]{c).conj «— H&EA(-)
ii) LADDER[ri{c].cont — #H#H

i) ¢ «— ¢ + 1

i) ¢ — Plindex-1].¢c

i) r — 288 d94 2
fil) rofl 4 Plindex-1],r7t A 3 A M
iv) LADDER[r][c).conj «— H& A
v) LADDER{r}[c].cont « H &
vi) v +« P{index-1].r

vi) ¢ — @ vt £F P& H A

e




i) Plindex].r ~— z28la3l:s 9492
i) Plindex].c — 2g8]dl:= 99X%
iii) index <« index + 1

i) index « index - 1
it) r < Plindex].r
fii) ¢ « Plindex].c

i) r < Plindex].r
ii) ¢ «— Plindex].c

i) LADDER[r][c].conj «— H&E A
ii) LADDER[r][c].cont « OUT coil

Plindex-1] ®

3. LOADS A&
Fig3. LOAD case

4. LDl A ILZ o

LDej A IL2 9 WH2 LD A
29 v HHE Tableg 24
22 olFeojzk, 21¥i HA TEE
v},

() = @Y g oY
vt & HA e videl ¢ FEE Bli]ol AHA
gk, i wld HEE e Blilg dole F=EE
Bli].row : w7 U dHZE
Blil.sc : w7 Alzsges g
BliJ.ec : w7k EivlEe YU
Blil.so : wiols] Az dH&YE £ Qe
s EaAE dHE,
HEPd4&g ¢ AE: vds g
FF Hexa ¢d.

Blil.eo : widde 9o HdAEESE A= v}
g7 Al WX
HEdEgds A vds g We
FF Hexa ¢.

Bli].size : slelol Ef el & A Af
o ek, Blile F2& S¢vide AdAE HE
Heoh, 25 Bli]E A% vidle ALE EAY
= dE £,

stdol R+ HHY WSS ILE dfAEs vids
A HAHES LOAD(I) Wz , adF Y FEHE
AND(I) Weeols AHelsto] B,

OUTS %3+ ¥ ¢vuicdF OUT-Blockolatm 39

OUT-Blockol 4= B[i]slo) M[i]& o8 &) OUT Block
o JEE AFech. 2 Yol HEH A OUT Block s
el ek, OUT Block ¥R E At Nilsl F

rr
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Fig 4. Flow of Conversion to IL
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OUT BLOCKS =t R H& A T(CD-‘!I 3 %) NPS
Hqegels H OUTS Tz A s AA4Y A%
o H&HME MNRD 2 MPP7E ¥}, MRD ¢} MPP o
FHL2 dFell HAE OUT & T8F do] &S
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Figé. OUT Block

(2) st dd %y

a) HEdA

(%a‘?o)“l-ffl B{i] o Bli-1]& WddAYE &+ A&
i) B[i-1].sc = B[i].sec
ii) B[i-1].ec = B[i].ec
iii) B[i-1].s0 = B[il.row
iv) B[i-1].e0 = B[il.row
o] o,
A712A& HFeE vdE Qdddde7 s
i) Bli-t].so +« B[i].so
ii) B[i-1].e0 < B[i].eo
€ Hid.

b) AddA

(’”‘:“)“}“l Blilst Bli-1]& AddAYE & A= =
i) B[i-1).row = B[i].row
it) B[i-1].ec = B[i].sc
iii) B[i].so = FF Hexa

ol o},

A7128& RF5eE vtdE FAdAN AANE
i) Bli-1].ec < B[i].ec
iit) B[i-1).e0 + B[i].eo0

< $iod.

(3) LD AWMy 43wy

LDE Mo ILZ Bt A 4G LD AY
HA(r,c) AAL 3742 2404 g4 A48},
g:! A= 2% vl HHETabled Bli]d

i) B[i).eo = FF Hexa¢l 7%
r — Blil.row
¢ +«— B[i].ec

ii) B(i].so = B[i].e0¢l A%
r < B[il.se
¢ «— Blil.sc
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(4) AND(I), OR(I) = ¢

MPS-MPP Block o} ¥

r «— Mlil.r
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MPS-MPP Blockeo] o} d

r < B[i].so

¢ « Blil.sc® A% olrt.
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0000  LOAD X000 0024  ANB
(st ) 0001  LOADI X001 0025  AND
—_ 0002  AND X002 0026  ORB
0003 LOADI X003 0027 ANB
0004  AND %004 0028  MPS
- 0005  LOAD 000 0029 LOAD
STEP « 1 0006  ANDI 001 0030 ANDI
LD_CNT « ¢ 0007  ORB 0031  LOAD
i 0008  ANB 0032 AND!
0003  ANDI X005 0033 ORB
0010 LOAD ¥004 0034  ANB
— 0011  LOADI N00S 0035  OUT
{ 0012 AND 006 0036 MPP
No No No 0013 ANDI X007 0037 ANDI
— @-——> ORB? 0014  LOAD 000 0038 KPS
0015 LOADI coo1 0039 AND
i Yes Yes‘ Yes | 0016 AND €002 0040 out
| I 0017 LOAD €003 0041 MRD
} (R F—AL — l 6018 LOADI €004 0042 ANDI
| D[i] « LD_CNT \ P | 0019 OR €005 0043 OUT
! I i 0020 ANB 0044  NPP
[ LD_ONT « LD_CNT + 1 & ‘ LDT[D[i]] « ‘A’ ‘——LDT[D[i]] - 0 0021  ORB 0045  AND
L I ‘ 0022 ANB 0046 OUT
l i 0023 ORB
<~.,77..*
| — N
’ Ear « STEP + 17
‘ e 2% 8.2 IL9) o
| 4] Fig 8.2 Example of IL
I No i
’Yes
( END ~>
2% 9. LOAD Table 24 Flow
Fig 9. Flow of Nsking LOAD Table
[LADDER DIAGRAM] DATE 1990.7.30 PAGE 001
| X000 X001 X002 X003 X004 X005 X006 X007 Y000
0000 / F~T%/}——-~J } 17— | 1/t ()
M000 MOO1 M002 M003
— »j — =i/ FJ
M004 M005 M006 M0O7 M008 M009 F000 Y001
— F Y i e 2 /1 )
Cco000 C001 coo2 F001 Y002
t el /()
Co003 c004 FOQZ Y003
— / ()
L c005
=== END ===
2% 8.b LDe of

Fig 8.b Example of LD
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