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Abstract: In this paper, a virus coevolution genetic algorithm (multi-mode project scheduling-virus co-evolution
genetic algorithm, MPS-VEGA) for the precedence and resource constrained multi-mode project scheduling
problem is presented, and the encoding of the solution and the operators such as selection, crossover, mutation and
virus_infection are given. MPS-VEGA is used to obtain the optimal scheduling sequences and resource modes for
the activities of the project so that the project cost is minimized, which can transmit evolutionary genes not only
between parent and child generations vertically by the genetic operators but also in the same generation horizontally
by the virus_infection operator so as to perform a global search and a local search, respectively. The schema
theorem is adopted to analyze the performance of MPS-VEGA. The theoretical analysis and experimental results
show that the MPS-VEGA outperforms the GA. For the multi-mode project scheduling problem with different
optimization objectives, MPS-VEGA can simutaneously give standard the optimal scheduling sequences subject to
the precedence constraints and the optimal resource modes for the activities of the project.
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. TP18 A

PG AN 0 = o i) 28 T RN TR H 4 B rh 350 H W BE (project scheduling, f#R PS) it — N 4k
W] 8PS 5 ELAAR AT A& — 8 IR A Tk B B s UL 1 E AR, TS . A de /N A, DT il A2 £l [ S5
T8 H A, IR I AR 22 2 AL Te) B TT LU 5 2 PS B 48], 2an 24 1) 470 b i i 4 DR e IS PS AT )32 1A 52
FAAM AR R 18 55 SCPS (1 240 SRR S Bl 2 8 14 56 J U3 240 SRR % 9l PR 0 240 B, % R, 45 o] o 52 4 19 % R S
AT HE A AR R % U RS T B 1038 A Xt T LU AT £ B (multi-mode) X BRI PS Fj - MPS(multi-mode
project scheduling),PS J&— A~ NP-hard v &, A P9 A BL B A ] A A H M E LA R P MPS & —A
NP-complete ju] B Kolisch®H& H! T EL 4G 52 8 1 SR PS 1 55 4T A1 3F47 19 B8 M1 v Kolisch®128 A 25 4 T sk A
PS (#5182 5130 ReychVER I T 20 3058 S vknt PS #EAT Sk i, Fayezl® I Taeho™%5 A Xt MPS BE4T T #F5E,
I T E R A SRR T, Joannal R ] T RERLR K ST 0 MPS HEAT SRAR. UL S AORIT A R T LA 1) 2
BRI PSS b ok i, il A 3 — AN EL I AE B bR, R LU 5 B #5160 PS B 5T IR A H A 31 2 L.

MR 2 AL BB T B — PR 2R, B R R T B, RE RS AN R et R S
DR, 3 LR o — AN AN, A 2N A 0 3 0 Y €0 A 56 DR 26 A I RO AR A, AT 5028 2% A A B 8t A £ R i
AR B O I i85 A% 28 T — AR AT ORI T A9 ) adk A 354X, 1996 4, Kubota 32 Hi T 25 T B b AL #Li
{1344 577 VEGA(virus co-evolution genetic algorithm), Jf: ji 2y i I T S A it 47 7 il AL I | 41 2053 R 4E 10
RS i) R g R ) AR ) A R T SR AR NP-hard A A 1) P VEGA FEREAL T 5T i
T A= A P B A T BRI 03 B ARE R IR A BV ) D 2 1), E AT GA IS AR 4 E L AR A 2 (A1 L 1)
A 338 T R TR St 182 245 ) 1) 4 SRy 48 2R 90 B ARE A RBE A7 90 53 I G B 40, 8 TR AN Ak 2 T A 17 A 3o 08 4 6 A1, 502 e
ik 22 ) P J3 i 4 R VE G A g 1 B A 11 4 Jm 30 A 0998 B B A4 000 JR SR b AL TIEAT S 2 45 A, I T I 3l 443 38) el 3850 11 4
oy A AR B AR AR SCORR B 6 LA S H AR MPS $2 ) — i 35 13 [R) kAL 82 1% 5175 MPS-VEGA(multi-mode

project scheduling-virus co-evolution genetic algorithm).
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A MPS AT B A3 B 8 V= {0, L3 0 T -+ 43 B4 % HESL I 2 04 5 45 K9 30 )
JUEY T ZABAM, =L |M, b, Mo =M, , ={1}:i%3) j EBR m, FORTTM p, cZ'(m M),
Doy = oy = 038 k(k € R?) Iy 7 5 4 FRLFRY W U CFR W U p) ¥ e D PR g Ry B R Ay e I j e Bk
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J = (ores i) =00 fn =1+0) (U ) 0 O, n+1) B AHEI) B M = eoym, ) FUIFERIT
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HIT WA BB o BREZ 0040 N 5H 1A St 42 18 Brucker™ (1) 43 28 % 75 J7 4 1) W] % Rk
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Sjtpj,
C, :C/.h :[Cfﬂ]+(C/’fﬂ) :l: z (Z cfr].’;k):l-k( Z c,l:r;;k],

t=S;  keR’ keR"
WIIH (A Y C B2 B, A I MPS | prec| 3 ,C IBA N LI PS| prec | Gy, (LI 50/ 9 580050 H
JEE i) ).
1. Q5 J(M B S) il AL U249 3R A IS TR P 2 U5 p PR e 24 SROEROTH 3 P 9 O o BB 2O AR (M
5 S)IRFF AT, B p PIATERBEE o AT, 00 J(M B S)e ¥ J(M 8K S)e ¥, B J(M B S)e ¥, Wik JM FI

Se, n¥, ¥, JFH M S XN TR A JWFR (,M,S) k) MPS| prec| Y C; 1 —A il h
(I MS)et;n¥,NnY,.
2. [ PR E SGE R ORI B

WA I w=(wy, Wy, Wy, wy, ws) Flv=(v;,w,, v, w,,vs) JI:

w v-wNy
(1) wov=(wy, wy, Wy, Wy, Wy, vy, Vs, V) JRA v IEEER] w;
v w—vNw

——
(2) vows= (v, Wy, vy, Wy, ve, Wy, Wy, ws) TR wiEREE] v,
wW=wNy . ) ..
(3) w\v=(w,wy,ws) FEA w & v #H1Y;

@) v\w=(oyvarve) R v # w BB,

SEAR, 1) B A IX P A IS BRI AR A6 N S BN RIE T s E E ke — AN &, B m AR R FrE IS
BT E P HRT R R, MESEHE G & MES. N EA L RE IR MPS 353 #9—AN 1 B0, 18 it
Ii] 5 P10 3K R e B 1) T SO AR AS XA E I R P PR EFTS 3 2 TR IR P AV IR DR 2R T T A8 AR P2 42 MPS 3311
— AN A A JEE

2 MPS-VEGA

2.1

211 EARG ARG Y
AN (host) G (0,44 i T b 9 305 43 20 1k

A |
J R~ MPS & Sl K — AN BE N, M 7 MPS 555 3 5% 8 [ 8 504 X ) £, R M v 1) 35 TR 3 0B A 9% 3 9k
DRI RIS S 6 DR 480 5 1 305 30 10 VR JSE I 7 Rtk 7 AR X 1 i R AT U 3 9 0 358 0 £ F A ) g e
S ANHEME— 0 52, PR L A AN e f pfe il — B N T — N (U, M, S)
2.1.2  JREENMAR G A G
TR = M e T I H R, BRI PO ) B M7 AR AR AT R A R A 0 R A
(virus)Zmhs 4
H=(mg,my,...m,,).
H 25T BN 0,1,...,n +1) B 0] 52 0 5 A A= 48 T F MR B i & MR & M T
H H A AL T A T OO TR AT TR L R o R OE C AF LA TR RO AT R TR R — AN
By 1R HAR S U, DR 03 75 AR 5 B MPS i 200 S R SR, 0 H = (+,3,%,2,%,%) K05 my = 3,my = 2 &7/
TR AR A
1:(0 3142 5}
123791
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2.2
221 FEAIIE R A R 2L
FENMA TS B R
-
Horb, Q€U N C g (1) 535002 B 4K TS 1R I5TH A 0I5 T391,8 F T 43 5052 T H (¥ 450 K e Al de K T
HH, 2RV (M) F sl ) & M XHEEIR o BB AU
aR'(M)= Y |zR;(M)],
keR"

TR (M)<0

Hrp 2R (M) =R} —Zr;:njk .

HIT (O C ) >> Crg (1) PR HE3E R FE AT AR UETE H A B AR K /NAH 28 AN KB 0T 25 PR IR ) B2 11 10 B,
I HLBEUE o AN RTAT IR G C AR 138 Y 3 8 KT 08 U o T AT 110 % € (A (K 3 L AE 08 U o AS T AT (0 e £ fA v 8 H
RO KA TR0 I PR S Y AR T MPS (¥ — M (E0 458 3 20 (1 V8 B U T R PSR ) i M) AR 5 72
JE A I T C e (1) BE SOV BEIE o M85 (bt 0 AT 8 8 0Bt o % AN s IR T AR IR Wl (S, = T3
H 30)), R e AR 3L T R U J AL SRR i (Y C () BB T BB 1 i M L REE.
2.2.2 RGN o AL

— AN A A ] DU A AN T AR08 RE AN AR ARG Y8 P e T IR 1 2 AN R B RS 3 BV () AR AL
RFRARBIRTG @ PP EMAMES N U,U P EAE 1Al 5 038 N 5300 3R s A fithost, Rl
Sithost] T FE i TR N FE o 4R

Sfitvirus; = Z(ﬁthost; — fithost,) .

leU

U H I — =AM 1 R 1952 MPS i 23 0] 5 R — AN, 000 8B fA I 7 A R D025 2, DL 99 23 A1k 1) 38
I FE AL T 3B 43 3% Bh BOAR 2 MPS A2 1] P () 22 A8 AR kA0 TR g

995 75 10 A= A7 TR 2 A g (life) KRB, 58 ¢ + LARIIB RN ¢ 92k otk

life, ., = y xlife, , — fitvirus,,

oyl e o D7 BRI life,, < O BB IZ T 2006 B B OO REXT MPS IR ™ AR E AR, ) 5 22 7= 2
MPS i (6 73316 3l i AL X
2.3
231 EMEREALERE GA

HIUEREAA 7= A= (initialization): 3B 1k LR 25 58 7= A4 U 0 840 POR, . FIWIUEREAA hostpop(r).

e N RENES) B PR my, m A, B R R R v B fe D (K — AT A R AN B o W]
TRES 1 A s R L PAT LT D BB B ) popros—1 NI o ATAT BRI B BENLIE % — NG 3)
Jo AT RN M R BN R A, () 2 ) B8 m, LA PSR A 1) i AL B8 9
o AR,

AT ¥ (crossover): 5t — X AARAN AT 1 A8 X HR A 7 A — S AR AMA.

T ACAR k98 8 P 128 SCHRAE 1R AN AN 4k 4 Sl 2

IM_[JM]_[jéM jﬁl] IF_(JFJ_{J‘OF jﬂil}

- M - M M 1 - F | F F .

M Mg o Mm, M Mg M

HRMA{L, ., n} PP EBANEALIE S p A1 g, LU FEHEVE e 2,4 ) =G e jff),Jf =(a s e

Jy)
JP=gMJ) ="\ I’ =gl uJ?,
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JE=JF g3 =Ml IS =05 s,
MP =", m’y) M7 =(m", ...mt, M =M UMy,
Jo Jq Jg+1 Jni1

My = (m’,

S
Jo

Fe iy (o YRR I (17 )RR 2 AR, ms (m )30 1 (17 R8E) 7 AT 1 A 1
P A TARA A
R AR O
S

A XA A Z A5 MPS (19 fi# 2% 0] o BE AL = A 355 3 0 87 00 8 55 L3 0 5 5 A8 =K

A% 5 (mutation): B P, KoniE sl j, MITA AATIE SIS & 0 TREANES) j, 0<i<n) R j, ¢ P, UL
WL prog RS, R jg AL m, (0<i<n+1) LR p, BRSO M, PREHLEPE— MBI
m’ (m, #m;) = m; .

AR HEEAEALLT MPS 35 3 (11350 43 18 55 3 0 B 95 A58 2 A2 784 AT 7= £ 335 )y 347380 40 080 P38 L A0 5 A 5

¥ (selection): 4 T A8 4 i e UL AR AR 45 T 22, 5% HIHE) 7 (ranking) 80, BV toh 38544 45 142 17 J 160 BT AN 442338
FEAR AT HEY A R A AR B T .

EREIIE 2, N MPS TV IR AP e 486 HH A O 10 8 58 ML 1 8 905 A5 K
2.3.2 JREEAMAMELRE VE

93 73 E% G (virus_infection): ) FF o3 7 J% 2 14 55 PR 25 40 = G 68 4 o b BV (0 5% 2366 R, AT 7= 46 39 1 2 A4,
B L TR B R DR pygee BEASAEAN AN, T 5 58 AR YL J5 A58 I BE 9 7, U e ) A4
PR e K 11 1) A . TR 0, 5 B K R A VR A R s B i R AR R e MPS (M2 AR I TS Sl T
BEERR 0 SR 4 S AR T A T A, D) P R 4 I A e T [ A

52 1l (copy): BEHLIZE B — A A, G R R BUIE K LUBER p,, AR 25 5% 100 rp AR I DR, AT 7
AT A B R TR 2 IR A AR, W 2 s 4R 908 7 AR I S AR ) B G — A e R DA AR
Peopy S HIE]—ATC G fiE J) (infectless)” (K19 B4~ 4, Wl ] 3 Jir. 5L IR AE 145 FITE T, 1] MPS —AMi# 17 43
E%ﬂjﬂ‘]?f’ﬁﬁﬁ%?ﬁe CLA 09— AN 30 433 ) 1 98 5005 2, M 388 I 00 v SR8 g, 1 7 AR — AN R v B))

B (cut): 3 75 G ot fg AN L R LI 26 p, FHOBEC AR I, An T 4 9T 7 M sk 10 46 L AE 1 ok 2 — A O FF
(19—~ 433 0 1R e DR I B i, DT AR LA T B e )

F N M M N N N
)My =m0 m'l ) MS = M UM
q n+l

oo 1 4 5
Host: (0 2 31 45 023145 Host: |y 3 1 5 7 1
131571 132371

Virus_Infection ) Copy
Virus: (+ 3 % 2+ ) Virus: (+ 3 + 2 % %) —p(x 3 % 1 7 %)
Fig.1 Virus_Infection operator Fig.2 Copy operator for virus
1 YR Kl 2 Jmas il

Host: [o 231 4 5]

131571 Cut

Virus:(*3*2**)—>(***2**)

Copy
Virus: (% « % % «)— [ * x 17 %)
Fig.3 Copy operator for initial virus Fig.4 Cut operator for virus
K3 iR s fliRAE Kl 4 Jpas ki e
2.4 MPS-VEGA

MPS-VEGA ®] DL i T
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t'=0, POP,, POP s, Poopy » Pout + Peross » Prnut + Pinitinfect + Prmaxinfect 17
AT Initialization #EAE7 4 POPRy ANNE j 14146 T AE 4K hostpop(e), i1 51 fithost , ;30T
Copy #AE™= 4 POP,, ™M i MAIUR T 3 1E 4 viruspop(e), M1 46 AR K S8, o =0, life; ,=0;
HULR AL BRIAT GA $81E.

Crossover: HH hostpop(?)™= 4= crosshostpop(¢+1);
Mutation: Hi crosshostpop(s+1)7™ /12 muthostpop(r+1), T 5L AMA j IIE NS fithost , ;
Selection: ti hostpop(z)umuthostpop(t+1);= 2k POR, ., ™A hostpop(#+1);

HULTR 25 BRAAT 0 B (1) B4k 34 VE, 5T viruspop(e) N0 5 ANA 1 BT LT 4.

Virus_Infection: 55 # A i LEZE pyree = MIN{(L+ @) Pinitntect» Prmasinectt B A% hostpop(e+1) HAEEA 3244, i
hostpop(r+1) M B 28 i YL JE I TREAD Uk U PAREAAME 1 IENE fithost] WA Afithost, = fithost] —
fithost, <O DU FHANMA 1753 hostpop(¢+1) A AH B BIANMAS THEL firvirus, Bl oy peai= e — ﬁtvirusi/Zﬁthost, ;

1eU

Copy 8k Cut: 1R fitvirus, <0 UM U BEALIERE— A A0 95 55 A4 § AT Copy $54E; 15 U6 95 75

ANE AT Cut E A BPRBREANA N viruspop(e+1);THEL life; i
D W life; 00<0,0U) A hostpop(z+1) T BEHLE B — A B AEAT Copy $54E, 7 A B I #E 4
A Bk 4 viruspop(e+ 1) FIR REAME | F VIS S H, o,y =0, life,,,, =0;
=+ 1 AR AT I 45 A hostpop(¢) HR % 3838 I B f5c /IS 1S (A BE AT R A 45 B S A A

MPS-VEGA Hi GA Hl VE W i 73 41 B, GA REAT MPS S5 U i (1 45455 20 1 1 85 57 R PR =Q) 1) 4 SR 48 2R
1 Crossover I Mutation 7E MPS [ 4 Ja) fif = 17 o Fifi AL 22 135 2J) 1 1 B e 0 YA X, 1 i Selection 7= 4=
MPS fif# 2 [v) HF 8 A0 PR R 8 I R 8 YA 20 VE 3E4T MIPS e D07 1) JR 3549 2T Virus_Infection 75 MPS (¥
2 [) R A S AN 3 Bl EL AT A [ R 5 A 8 A ) AR (0 0 1) O L R 8 AR ), il e Copy mT LA
I 2 g b 5L A R R A e R AR X S B i B A LGl R Cut AT e b LA R R R S S s i B LA
MPS-VEGA & — sl 48 2 i 72, an L R B2 A g Y5 U AR, W@ ST Copy 38 I e 1K 7 AR AR i 2R
A, TE T Cut SRk Z% & 1 7= 25 AR, DR A T GAVEGA 1 LUK K in e MPS 119 d5e D 1 J3E 5L 1 75 95
A A R
2.5

RS R A 43 BT R A S50 1 8 11— ol B 32 v, e B 1 AL A% SRR AT AT b R — Ak A Sk TR L
AT S IR TR R T DA R PR 3R 7 AR B 22 (R ASEAR I S B AN 4

TSGR SCEAME T 55— B0 IE B RS ek B

fitness(I) = B+T+ Y R} — fithost(I) .
keRY

TXREREAS A v LUK TR e 8 0 = dR AT e 48, o 93 743 R 10 4 0 35 Ml R, — AN 1 AR SE i B R OR
& — AR (Schema) H™ 1% T(H ", hostpop(t)) & 7~ fEHEAA hostpop(e) HEBR H™ 1= MEAMES, 41T GA
(K1 E46 T 55 78 hostpop(e+1) H AT AL H ™ 1) 5 A A ) 397 28 4 116D

EH",t+1) = f(H",{)N(H" 1) ,

Ho, N(H* 1) %75 T(H*,hostpop(z)) AT & 1K) = AMAS B N(H* 1) = |T(H* , hostpop(t))| ,

Sfitness(I)
. fitness(I)+ ) fitness(I)
FH ) = - |T (H", hostpop(t))| B |hostp0p(t)| L per ”*hzo;‘mop(m\u I%:U
: ' fitness(I) |T(H* Y hostpop(t))| z Sfitness(I) + Zﬁtness(l)

kot |hOStp0p(t)| I:Iehostpop(1)\U I:leU

Horpr U oW #s H R EAMRIEE & BT L,
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Z fitness(I) + Z fitness(I)

L:1eT(H™ hostpop(/))\U LIeU

Z fitness(I) + Z fitness(I)

I:1ehostpop(:)\U I:1eU

fitness(I) + z fitness(I)

I:1eT (H™ hostpop(t)\U I:IeU

z fitness(I) + Z fitness(I)

1:1ehostpop(1)\U I:1eU
WUR PR 9 7 B B AT HEAG TS S  TE hostpop(r+1) H BAT AR H™ 1 AR SR HCh
> fitness(I)+ Y fitness'(I)

: * I:1eU
E’(H*,l +l) — POEIDS[ x I:1eT(H" ,hostpop(t))\U €

> fiess(I)+ Y. fitness'(I)

1:1ehostpop(1)\U I:1eU

H+ VI eU, fitness'(I) > fitness(I) >0 i LA,
E'H"  t+1)>E(H",t+1).
Xt Ui, VEGA RS L GA LU T [ FE 7= AR 58 2 (R AR 1) S0 28/ 4.

E(H",t+1) =|hostpop(r)|x

= POPyq %

Bt AL A2 Bh AN S Yk N=10,20,30,40,50,60,70,80,90,100 [¥) MPS [a] @ 10 AN, %) 45 Ia] 8 S B4 A B 10
ASSER] X IX 100 A543 F3EAT GAVE A1 VEGA 35, K 3 B bR VP S AT 0 Sk M R AN 1) fU Y 10
A SR B B A -3 1) (avg sec)s P39 EAR B (avg gen) LK S B A &y B KA (B) O T 43 EL 3
j:,}j{ﬁ(avg Opt)ﬁ?z EI(J ?i&{ﬁ%ﬂﬁé’ﬁﬂyﬂ POPhost :100, pmut :0'05’ POPvirus 2107 pcopy 20'27 pcut :0'151 pinilinfect :0'02’
Pasintect =0-1,7=0.9. K H MATLABS6.0 7i: 1GhzCPU HpL B4, 25 Rl 5~ 7 Fios. W& 5. Bl 6 nf LA
HIXTF GAVEGA fef% LU [ VS i A) R Ass A (i U1 S AR E™ 22 MPS 19 S50 0 R (GO0 405 3 170 3 88 50 A0 2
R ), Tt B R P 3840 3% 50 B 8 PSS 2 (B9 B2 M) % MPS BT A7 (B0 32 AMA)BE4T VE BEAL TSRS b isd s A0
fifp 1y 7= A R K 7 T DA AR FH 50 0 3% 3 140 9 R = (B985 B AN AR) ) MPS TR AT AT i (WP == A A)iE 4T VE
HEAL T SEASBE 7 AR S A, R BE 77 A2 YR A e Rl 40 VE B AR SR IV R 3 48 22 P BE, BE IS I b MPS 11 3K fif g Sicis
B AR fiE =R MPS [ B AR A7 GA A 1R 1) 4 R R fie 1, 6677 25 MPS [ i, VEGA 13 1R 50 1 4 R 48 &
JR A8 R Ay, BE M LU DL % 2 4E MPS 1 i fig.

FE SR AR MPS 0] FUI, 2 0B VEGA [ SR AR 28R A 1R R M, s B A UAR ( POP,, o )R8 75 1) e Ik G
(D cintect ) - TR T 32 BE AR A AN AR ( POP, o =100), B POP,;, =6,8,10,12,14,16, painteet =0-2,0.13,0.1,0.07,0.03,
L 100 A4Sl (1) P 3 e (e (avg opt) A P Fa b, oI5 45 B an 1 8 TR, 5 B RO, 208 BE AR AR /N IS, BV 3 2 18
T D ainece TVAELA RESRTT MPS IHIRARAELH. prsintect AN IS 5 5% BT Fa il dee O 38 0099 53 F A4 X0 B A5 B 48
RE| MPS i UfiE, (A AR KK &5 R X T MPS, M S UE N POP,, s = POP,.y /10, P raingect =0-1 1,
VEGA i LU B (938 52 77 A S5 I 160 08 88 5t 0 5 s =X

—&— GA —— VEGA —A— VE 250 —&— GA —l— VEGA —A— VE
[Avg. sec [Avg.gen

200

200

150

150 |
100
100

50 |

50 |

N

N

0 0
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Fig.5 Curves of avg. sec changing with N Fig.6 Curves of avg. gen changing with N
KI5 SPETEEIN B BE N AR i il 2 Kl 6 PR EACERE N AR il 2
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—— GA —l— VEGA —A— \E

%
100 b 7250 - % [@0.2 m0.13 m0.1 0.07 @0.03
P maxinfect
80 W 7200 | - —
71.50
60 71.00
w0 L 70.50
70.00
20 | 69.50
0 1 1 1 1 1 1 1 , M 69.00
10 20 30 40 50 60 70 80 90 100 68.50 - - POPyirus
6 8 10 12 14 16
Fig.7 Curves of avg. opt changing with N Fig.8 Effects of virus population size and max infection rate
K7 SPEmAOLERE N AR 2% B8 i B R A R /N i R I3 MR 6 1) R T
4

ARSI Lh AR Ry Ak H b 1) 22 A5 X H 1 B2 )@ MPS 54T T 90 ER T aX — [ R AL A Y 3
BEp X — O A s A e U Y T — B B HEARE 2 59 MPS-VEGA.MPS-VEGA Rl T GA K4 )R8 R Al VE
1 JR A8 R BN A 4 G 4R R P e, AT B8 LAR G R W S50 182 Sk A5 MPS 1) S A0 ik, BV 3 30 1) e DA R 6 DT 0 8 05
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