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Multi-objective Optimization Algorithm for Non-linear Manufacturing

Process Based on Three-tier Virtual Workflow Model

LUO Zhi-Yong® WANG Jing-Yuan' XIE Zhi-Qiang’ SUN Guang-Lu' YANG Xu'

Abstract Time, production quality and cost are important parameters of mutual constraints in manufacturing.
Balancing these parameters to make the manufacturing process more reasonable is an NP (non-deterministic polyno-
mial) problem, and there are many excellent scheduling methods to solve this problem. However, the optimization
objects of these methods are linear processes, so they can not be scheduled and optimized for the prevalent non-lin-
ear processes. To overcome the deficiency, a three-tier virtual workflow model, Three-VMG (three-virtual model
graph), and its optimization algorithm, Three-OVMG (three-optimal virtual model graph), are proposed to optim-
ize the non-linear processes in this paper. The model and algorithm first establish a non-linear workflow, using vir-
tual technology to find virtual nodes for reconstruction, thus transforming it into virtual linear workflow. Secondly,
according to the process characteristics, the model is segmented. Uses serial reduction strategy to calculate reverse
hierarchical solution in each segment, and then cumulative values of solutions between segments. Finally, according
to the optimization results, the optimal scheduling of resources at each level is top-down accomplished. Experi-
ments show that the process has a significant optimization effect compared with the traditional time minimization
optimal scheduling algorithms. In addition, the performance and operability of the algorithm can meet the engineer-
ing requirements.
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Fig.1  The process of virtual wrong route recognition
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B 7. HELIR 6 BRI List A7,

SIS, TP HES PRI T IR T A4
mp MU RE &5 i o), SRR 4) BEAT HIWr, Ao
BEEATR A SR BORE, H A VIWR W IE
AT DA IO M B VM,
IR VWR WIASREHEAT A, M B i me 400 AL 45 rd
p} MBI IE AL 45 K ¢, FEPR M R 40045 ki) A 4
AT AL

LB HES P T AT, MIEARATE
PR 8, [FRICHA VM it

IR 10. R (2) FFi P 0l TAL 45 fi 4R P/,
THEL& TALES s BN T3 7, B HbRiE B M

HB L WIIBA VM, it A0 AL A p
£ p;(p; 7 py) KM@, HHELEMIL ey, H
frk=1,2,-, idy,, WHEERL ey FISE by,
e Py, FRICIE S MY AR T AR VG,

$12. HELE 11 HE TERBETRE, &
W TAERE VG,

IR 13, KbiliE IR E S Re WSS Map.
R TARRALS VM L TAERE VG T4
&, W= E B TAER Three- VMG, ¥4 H .
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3% 1. Three -MVMA 5%

WA AP EEG TG Q &6 H &G C
et W, 84 Id, 5 od, 4 CP, GFRKRE V;

M. B TAERER VM, BN TERE VG,
= ERMTAER Three-VMG;

Scan(All) input P, T, @, H, C, W, Id, Od, CP;

Use(P, T, Q, H, C, W, Id, Od) to build M;

for (int 1 = 0; i< CP.length; i++)

{Scan(M) do{if CP.cp[i]—(P.p[z], -,
P.ply))

then {Insert CP.cp[7] last into M.P.p[y];

Lable [ [y+1] = Line(CP.cpli|— P.p[])}} };

input V;

for (int ¢ = P.length; i< = 0; i—)

{j = i~1; Scan(M) do {

for (int i = 0; i<= P.length; i++)

{If(Id.p[i].id>1 || Od.p[i].od>1) then ADD
(List, P.pli)};

While (List.front == List.rear) do {n =
List.front;

List.front = List.front+1;

for (int ¢ = 0; i<= CP.length; i++)

{Scan(M) do{if (CP.cp[i]<>(P.p[z], ---
and (Min-distance (P.p[a], n))

, n))

then {p’ = Planing (P.p[z], ---, n);
t' = Planing(T.p[a], ---, n);
ADD( P, p');

ADD(T', ¢) }H:

for (int i= P’.length; i<= 0; i—)

{j = i1; Scan(M) do {

Formula_2(OSD.p[i], OSD.p[j], 7.p[9])}};

While (P'< > ®)or (T"< > ®) do

{for (int ¢ = 0; i <= p'.length; i++)

{for (int j = 0; j <= T'.length; j++)

if VWR( P’.p[i], T".p[j]) == False then

{Delete( P".p[gJ—(P.p[ad, ---, n)); Delete( T".p[j—
(T.p[l‘], ) n))a

Update( P".p[i], T".p[j], M) to VM,

Delete( P'.p[1));

Delete(T".p[7])} else {

Rollback( P’.p[)]—(P.plz] - - - n));

Rollback(T".pff]= (T.p[a] - - - n));

Update(Null, Null, M) to VM;

Delete( P'.n[i]); Delete( T".n[j]) }}};

OutPut VM;

Scan( VM) input P;

for (int ¢ = 0; i <=P.length—1; i++)

for (int j = i+1; j <= P.length; j++)

{if (P.p[y]—P.pli]) == 1 then

{for (int k= 0; k <= Id.p[j].id; k++)

Lable e [j, k] = Line(P.p[id— T.t{[k]— P.p[]]);

Lable & [j, k| = Hour( 2 (P.p[i]— T.{{k]— P.p[j]));

Lable ¢ [j, k] = Cost( = (P.p[i]— T.t[K]— P.p[j]));

Lable w [j, k] = Accuracy(I1(P.p[i)]— T.t[k]—
P.pli);

Add (elj, K, blj, K, clj, K, wlj, K]) to VG}};

OutPut VG;

Add (P, T, Map, VM, VG) to Three-VMG;,

OutPut Three-VMG.

5% Three-MVMA N [A] B % FERATILH] O(n™).
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Fig.2  Stamping process of automobile manufacturing
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EX 7. Z 2B TAERMAE R Hi&1% VRoute.
iR AR AR ERE T AR R Bk A S
Y5 H B B EE TR BRI AR, B O R LGS A A ) aa AN

S AR, FT5E N V Route(P', E, A), A,
VRoute R H &7 4, P RARZIEZENE
LA 4 i dE; ERWTH RLES; A RIZER
KL AL S S RS HUE, i%TjjA (a1, ay,
ey, e, ay), N, a; AR (€ P RIR
MBH, XRXN a; = (i, aic, aw), m NEE P/

EEERLE

F1 MELZRERNGSES PAT
Table 1  Node set P and T of stamping process

quality inspection

4t X
h LR
b2 PRk
Ps SR S A
P PR AN
P T
P Wit
o B
by i
h Kkt
K a2
fs ST A
f Hop IR
fs R R
fs Wizt
b At
22 N

1@%&@%&‘)[“,(?7, hpi) *ch(pi, h/pj,) %%ﬁjﬂi'ﬁz
i Three- VMG AEWS %) h,; Kb, TALES 5 p, 7EHAR
%38 0SD,,;[SrT,;, EAT,; M ik i) i 4 7 ot
%%DB%TEE%}%, )”\Jﬁﬁj“?ﬂ?ﬂﬁiﬁﬁﬁ (4) 1HE LAz
45 p; E’/‘wa(pia h’pi) A Dfl?(pi7 hpz‘)3
fuw(Piy hpi) = max{wp;y }

fc(pia h;m')
hpi S OSDm [ST‘TPZ‘, EdTpJ , 0< k< dez (4)

= min{cpix }

S.t. hps + hpie < Voo, cpi + cpir < Vg,

Wpi X Wpik > va

FERL TAE Three-VMG ™, AT P TALEE 54
Py M pi (pi1 € Py p; € P'), 5 piy 7 p; AT IRG:
m, WA R (5) SRIF R4 s p, M RBVEF= R
=AM H:

Juw(Piz1, hpi—1)=max{ fu,(pi, hyp+hpi—1) X Wpi—1x}
fe (Pi—1, hpi—1)=min{ fc (pi, hp + hpi—1) + Cpi—1k}
hyi—1 € OSDyiy [BEHy;—y, ENHy; 1],
0 <k <idpi—1
st hpic1 4+ hpic1k < Vion, cpic1 + cpim1ie < Vg,
Wpi—1 X Wpi—1k = V.V

(5)

3 (5) W JE AT 52 o TAER Three-VMG
IR AL SR A, AR 5 i i e fif 52 il AR £ k)3 T2
TR IE A . ik, AT =R A AR AR
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Fig.3

WH % Three-OVMG.

H 1. A EREY Three-MVMG AP AE
LANEHIE T 2428, W= B TAER Three-
VMG A,

BR2. SEEGFEKE VHIG I FTR SR
Three-VMG 47 )2, FIHR (1) 7t IE i H A2 TR %
B LALES i p; ALIES OSD,[SrT,;, EdT,];

B3 M (1) HE IR IS R ZE 1 TAL
gh i By R HARESL OSDyy W, %W ZIf,(E,,
him) Ff(Ey, hi);

F$IB 4. LA Three-VMG, #& LAEE
MG BRI E VWR, W 35 1) 55 A0 2 H.
PR (@) HEIFbRC S LA S p AEHALESL OSD,
A BN fo(pis hys) FLDis By

IR 5. & LTSS AR EERE VIR,
HAAMAHNX (2) HE VWR L r, SR EFIH
X (4) FATHE IR IR - NI & TALEE S p; A
[ i Z1] E/‘]fw(pm hpqz) 0 ”fc(Pn h’pi);

FE 6. A (3) FHHEIEERIKE VLR,
ATH AL PR LG FIBE R Three-VMG 1 TALLS & P

PR L2 BRI = 2 0L AR R

Three-tier virtual workflow for stamping process quality inspection

e, WhE I B LI EI& 12 VRoute.

1% Three-OVMG H B0 R P ACR T -

H% 2. Three -OVMG 5%

N, TAEW Three-VMG, #FRIKE V;

Wi, IR IRE VRoute;

Call Three-MVMG to Create Three-VMG;

BackScan( Three-VMG) output P, H, C, W;

Input(V);

for (int i = P.length; i <= 0; i —)

{j = 1; Scan (Three-VMG) do{

Formula 1(P.p[j].Fh, P.p[i].Fh, V, OSD.p
[i)}}s

Formula 4(E0.fc, P.E0, C.E0, H.E0, OSD
[P.E0));

Formula_4(E0.fw, P.E0, W.E0, H.E0, OSD
[P.E0));

Scan(Three-VMG) to Lable( VIWWR);

for (int i = P.length; i >=1; i-){ j = -1,

if (P.n[7] not in VIWR) then {

Formula_5(P.p[j]. fe, P.pli]. fe, P.p[3), C.pljl,
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H.plj, OSDIP.slj));
Formula 5(P.p[j]. fw, P.p[i]. fw, P.p[j],
W.pli, Hpld, OSDIP.pl);
Formula_2(OSD.p[i], OSD.p[j], 7-p[i])}
Else{ under 7.p[7] do{
P.pli]. fh = Hour( X (P.p[d—P.p[]));
P.pli]. fe = Cost( X (P.plid—P.p[j));
Pl fiw = Accuracy(TT (P.plil—Pp[i)}
Scan( VRoute, Three-VMG, Formula_3, V);
OutPut VRoute.
5% Three-OVMG I [B] 52 2% FE AT IE 2] O(n™).

3 IEZ&MHIETLZE Three-VMG $2EU4f
&I

IR A AR N AR B S, X B AT
TN AR E v s T2 = R AR AT
SEIG T FH IR 2548 B4 249 Windows Server2016,
WAFECE /0 8 GB, KH Javaili 5 7T K @51k
Three-MVMG FIRAL I £ 5% Three-OVMG 1)
R, wEGFERE VA V=111 K, V=
0.98x100%, V.c = 20 J37T.

3.1  AEZ&MMETZ Three-VMG BB LIZFE

AL Three-VMG I E T2, X
AR 24 TR LE, % LEARRKE
P R AR S BRI S T, i TR TR R R =
HEE Ik 2 Fios.

B 3 TRz T 2 N H L Three-
OVMG J&, fRNFE 2 I EHE FEE S FRIRE V
HIZ) 0, TR L B LR B 1812 VRoute, Hiid 2
K 4 Fik.

PRI 1Z T2k sk 1 4 fi B R R 2 AN
B, BT ERAE V.L =111 K, FIEE 1ML
1B I R ALK I i B i R LRt T2 A R 29K
IR E N Vihy = 60 K, 158 2 AN B o e Joi
B AR M T2 A R 2R 8] & N Vihy = 51
KR T ZEER, 7558 1 B, RIWER RS Hh 2
BRI S epy = 0.950, THRALAHR, MTAE
T B ZAG I i i, 5 BB £ (piy Bpi) < 0.950
B, D)5 e A A i ) AV 4 A AT R R SR RS R,
A FERTRIE R 5 K, PN 5 5 5 2 M,
Ze a] R 4 A 4 % B ARSI AT epy = 0.975, B
ZIoR 2 T AF I e 2z A8 W S 35 SR
Fu(Dis hpi) < 0.975F, 75 B2 I 45t 22 A1 1) A0 45 A
BT R R SRR O, AEPERT R AE R 3 K, PR A
173 I B B)R FH R AU 32 (1) SR i3 AT e 2, )

®2 BETIRS MR, FLE A 2R

Table 2 Time, quality and cost of departmental services

%5 ] (R) B (%) WH (Jiot)
B, 30 95.1 10.5

B, 25 95.6 11.0

B, 20 94.2 10.2

Cy 20 95.6 0.5

C,y 18 97.0 0.6

Sy 21 97.6 0.65

Sy 20 96.8 0.63

D, 20 96.9 0.67

Dy 19 96.7 0.65

Dy 18 96.0 0.66

ty 15 99.8 0.45

ty 1 98.8 0.05

& 7 99.9 0.2

g 1 99.9 0.04
cpy — 95.0 —

cpo — 97.5 —

I (1) ~ (5) K% 2 RHOSHR, WToe ot 4 T2
B TALEE B fo(piy hyi) FUf(pys hy) HITHEL, A2
e

1) &1HH, TALES AL py, py A1 pgy MODLIEIES3 51
N: OSDy = [0, 7], OSD, = [20, 27] il OSD; = [35,
42]. AR E I E M ER BAEAE VIR, #k
SCEH B T RIS A g,y ply o BT8R 7=
35, 35].

2) M4 7 Al OSDy+ OSDy. OSDs HIfH, H5L58
—Pr B TALG S p; WS, B f, I F:

TALZE 5 ps (TR FE A

fu(ps, 42) = max{0.97} = 0.97; f.(ps, 42) =
0.6;

Fulps, 41) = max{0.97} = 0.97; f.(ps, 41) =
0.6;

fw(ps, 40) = max{0.97, 0.956} = 0.97; f.(ps,
40) = 0.6;

Fu(ps, 39) = max{0.97, 0.956} = 0.97; f.(ps,
39) = 0.6

fu(ps, 38) = max{0.97, 0.956} = 0.97; f.(ps,
38) = 0.6;

£.(ps, 37) = max{0.97, 0.956} = 0.97; £.(ps
37) = 0.6;

Ju(ps, 36) = max{0.97, 0.956} = 0.97; f.(ps,
36) = 0.6;

fuw(ps, 35) = max{0.97, 0.956} = 0.97; f.(ps,
35) = 0.6.
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JJHIU&; 28,28]

/708D, /08D,
=071 7,

7 OSDY T SOSD T STO8D T
[15] 7[2125] [2832]

/ (3,1,++)
/ (50.]8.81.0.994)

(70107094)
/' (20,10.2,0.942) / (|50450>)X)
\ mm(wm()) ,:

(2] U fn 0. )767,

o000/ (180660l60)

(47. 1781 0.91 X}

373

(URiSNeE
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4 TAEJR Three-VMG )1 it 72
Fig.4  Process of workflow Three-VMG

TALES s py WIS IS 2
Fulpo, 27) — max{0.998x f,,(ps, 42)}=0.968;

fe(pa, 27) = 1.05;

fu(pay 26) = max{0.998xf,(ps, 41)} = 0.968;
(pa, 26) = 1.05;

fu(p2y 25) = max{0.998x f,(ps, 40)} = 0.968;
(pa, 25) = 1.05;

fu(pa, 24) = max{0.998x f,,(ps, 39)} = 0.968;

S

St

f(py, 24) = 1.05;
fi(p2, 23) = max{0.998x f,,(p3, 38)} = 0.968;
f(py, 23) = 1.05;
Fulpay 22) = max{0.9985 f,(ps, 37)} = 0.968;

e

(P2, 22) = 1.05;

(P2
f(py, 21) = 1.05;
fu(p2, 20) = max{0.998 % f,(p3, 35)} = 0.968.
fo(ps, 20) = 1.05.

Eﬁ
[\

1) = max{0.998x f,(ps, 36)} = 0.968;

TALEE A py BT AR

f;u(plv 7) = maX{O'942 X fw(an 27)} = 0.912;

fc(p27 ) =1L 25
Fulp1, 6) = max{0.942 x f,(ps, 26)} = 0.912;
(py, 6) = 11.25;
fulp1, 5) = max{0.942 x f,(ps, 25)} = 0.912;

S

fc(p27 5) - 11257
fw(pb 4) = max{0942 X fw(p27 24)} = 0912;
fc(an 4) = 11.25;

£u(p1, 3) = max{0.942 x f,(py, 23)} = 0.912;

fc(pZ’ ) - 11257
fuw(p1, 2) = max{0.956 x f,(ps, 27), 0.942

fu(pe; 22)} = 0.925;

fc(p27 2) = 12057
fw(p1, 1) = max{0.956 x f,(py, 26), 0.942

Fu(pa, 21)} = 0.925;

fc(p27 1) = 12057

X

X
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Jw(p1, 0) = max{0.956 x f,(py, 25), 0.942 X
fu(p2; 20)} = 0.925;
£.(py, 0) = 12.05.
B _E IR FE R A, 2 1 M B 2 AT R AR E py
K1 fu(p1, 0), fulpis 1), fulp1s 2), fulpr, 3) AT fulpr,
4) B BT A P2 TE] 40 310 60 K 59 K 58 R 57 K
A 56 K, (HIXE R RARA & f, < 0.950,
AN AT 8 epy FER T IR BIAT 2B K. BB
—JE I BRRAE R E AR A 65 K. 64 K63 K.
62 KA1 61 K, X LA P ) AN 2 A F R E V.
hy = 60 RIJER, KIEARENTH X L 2 1017 T
AR, S BV
SRk P1 i} fw(ph 5)» fw(ph 6) A fw(pla 7)
@ﬁﬁﬁﬁ AP [R] 390 55 R\ 54 KA B3 K, [AIFE:
XU PR AR ) BFUA P2 R £, < 0.950, ANTH 2 K
R oepy BORFIREIFT R EL. EMER— RGN R
FRAFPEISFAIAR g 60 K\ 59 K AN 58 K, X #e/f: 77 if
() /N T4 A R Vihy = 60 K, 3l A2 i 1) 4 sR 5K
R, TZHESRIERE MR R, 2508 1 (p1,
5) =0.912 + (1 —0.912) x 0.912 = 0.992, f (p;, 6) =
0.912 + (1 —0.912) x 0.912 = 0.992, f (p;, 7) =
0.912 + (1 - 0.912) x 0.912 = 0.992; BHUGHI B
LBA: £ (p, 5) =5 + 11.25 = 16.25 Ji7T, f.(py,
6) =5+ 11.25 = 16.25 JiJG, f'(p;, 7) =5 + 11.25 =
16.25 Ji 6. Uit r=mt a) i il H R AR, B, B
fi(pr, 7) = 0.992. BB T 20K W s 2 # AT 2R
A, BI: VRoute, = By=py/t g3 pa/ =03/ Ly co-
YMTHE 2MBAE 1 MBRMNEELTZHE
[FRE V. hy = 51 K, KLY B IR 06 A2 7= i =
fo = 0.992. ZiFE, TALEE S pys pys pg M py B
IR OSD, = [0, 4], OSD; = [1, 5], OSD; =
(21, 25] A1 OSD, = (28, 32]. "EAF & KL B H
K EAAFLE VIR, MUK H H R 9 B T A7 45 X
Py Ply_q FIINTIK: 7 = [28, 28].
4) #2487 A1 OSDy OSDs. OSDg. OSD; HI1H,
THELEE 2 MBS AL 5 p, KIS, Jef IR
a) LAIZE i p; B FRE N
Jw(p7, 32) = max{0.96} = 0.96; f.(p;, 32) =
0.66;
fu(p7, 31) = max{0.96, 0.967} = 0.967;

f.(p7, 31) = 0.65;
Fu(pr, 30) = max{0.96, 0.967, 0.969} = 0.969;
f.(p7, 30) = 0.67;
Fu(pr, 29) = max{0.96, 0.967, 0.969} = 0.969;
fo(p7, 29) = 0.67;

£.(ps, 28) = max{0.96, 0.967, 0.969} = 0.969;

fc(p7v 28) = 0.67.
b) TALEE 5 pe BITHE L FE N
Ju(ps, 25) = max{0.999 x f,(p7, 32)} = 0.959;

f.(pg, 25) = 0.86;
Fuo(Pe, 24) = max{0.999 x f,(p-, 31)} = 0.966;
f(pg, 24) = 0.85;
F(Pes 23) = max{0.999 x f,(p-, 30)} = 0.968;
[fe(pe, 23) = 0.87;
fu(p6, 22) = max{0.999 x f,(p7, 29)} = 0.968;
f(pg, 22) = 0.87;
fu(ps, 21) = max{0.999 x f,(p7, 28)} = 0.968;
f(pg, 21) = 0.87.

c) LAL4E i ps THEIEFE A

Ju(ps, 5) = max{0.968 x f,(ps, 25)} = 0.928;

fdps, 5) = 1.49;

fu(ps, 4) = max{0.976 x f,(pg, 25), 0.968 x
fu(ps, 24)} = 0.936;

J(ps; 4) = 1.51;

fu(ps, 3) = max{0.976 x f,(pg, 24), 0.968 x
fu(ps, 23)} = 0.943;

fps, 3) = 1.50;

Ju(ps, 2) = max{0.976 x f,(pg, 23), 0.968 x
fulpe; 22)} = 0.945;

fu(ps, 1) = max{0.976 x f,(pg, 22), 0.968 x
fu(ps, 21)} = 0.945;

f(ps, 1) = 1.52.

d) TALEE s py PITHEISFE R

fu(pss 4) = max{0.988 x f,(ps, 5)} = 0.917;

fc(p47 4) = 154;

fu(psy 3) = max{0.988 x f,(ps, 4)} = 0.925;

fc(pélv 3) = 1563

fw(p47 2) = max{0988 X fw(p57 3)} = 0932,

fd(ps, 2) = 1.55;

fu(psy 1) = max{0.988 x f,(ps, 2)} = 0.934;

fc(p47 1) = 1577

fw(p47 0) - max{0988 X fw(p57 1)} = 09347
fe(ps, 0) = 1.57;

e) WEB TEMM T — R TALEE 5 py B fo(pags
h074) A fc(p4, h074) N
fu(ps, 0) = 0.992 x max{0.988 x f,(ps, 1)} =
0.927;
f(ps, 0) = 17.82;
fu(ps, 1) = 0.992 x max{0.988 x f,(ps, 2)} =
0.927;

fc(p47 1) = 17827
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fu(ps, 2) = 0.992 x max{0.988 x f,(ps, 3)} =
0.925;

f(py, 2) = 17.80;

fu(psy 3) = 0.992 x max{0.988 x f,(ps, 4)} =
0.918:

fo(py, 3) = 17.81;

fu(ps, 4) = 0.992 x max{0.988 x f,(ps, 5)} =
0.910;

f(py, 4) = 17.79.

B ER I FE WA, 28 2 BB i S 2 AT RARE] py
(1£,(pa, 0), fulpas 1) FOf(py, 2) 18 BT AE P20 18] 5
SllDN: 50 R 49 KA 48 K, (HIXLEFEAR I R A =
JREf, < 0.975, AN AT 5 cpy, BERTFIR B FT 2

Ee. e MBS — k)G I BRI A 53 R

52 KA 51 K. #HUTHIS IS4 2 T A4 5 K,
M RARAE PRI (R AR A 54 K. 53 KA 52 K, KT
HFIRE V. by = 51 K, A2 [HER. Fik, A
REVS FH X Lo AR HEAT T 2 A R R, S k.

B RBFE py BIf,(pg, 3) Ff, (g, 4) TR RS
IFIE] 300 A 47 KAN 46 K, [FEFFIXEEERAR I RAAE
FEIRES, < 0.975, ANl R A ep, BR FF IR [F]HT
2B, EAMES— G M R A R AR 50
KA 49 K. F IR LI R Ak SR 22 T A1 45 05 B, N
i%% AEFERA 2 0A: 51 KA 50 K, B/ NTFETFR%

&= V. hy = 51 K, i ER A ER. K, TZBMIE

F”WI‘JE’J??%‘ Uy 33N fl, (pgs 3) = 0.918 + (1-

0.918) x 0.925 = 0.994 F1 1/, (p,, 4) = 0.910 + (1
0.910) x 0.917 = 0.993; MBS RFLf, 235 A:
fi(py, 3) = 14+17.81 = 18.81 JHouMI £ (py, 4) =
1+17.79 = 18.79 JiJc. ik BRI f, s, ) f,
(psy 3) = 0.994. MLE T 2Ky g 2 it 47 B IR AR
., B VRoute, = py/ty=ps/ts1= pe/ te= D7/ trs-

5) #4451 BrBORIEE 2 B B L 2R B e AR )
TNEATRS, BA R T 2R B, = 0.999 x
0.994 — 0.993. ZHL. — 0.04 + 18.81 — 18.85 Ji
TG, BHf, =1 + 50 + 58 = 109 K. HTFH& R
L B ERE Vo h, W RZR, i 24 ik
W REILEIE VRoute = VRoute, + VRoute, = By~
p1/tips™ P/ a3/ s Pa/ ta D5/t D6/t 7/
trp3— Ep.

Three-VMG 128 [EH# E# R B ALLER

K 5 45 THiA Three-VMG # &% Three-
OVMG #bH 5, 2 AL 45 SR A H 2P 2.
53 Three-OVMG H A Three-VMG 1]

AR P, UK TALEE 55 pys pos ps AT E

3.2

AR DAL

R 1R A T AL EE 13 pfy gy, 5 TALES KL pas pss D

0\ ?‘»

/
\ / [13 \\ /t[47]/

~ / N

K5 G R E AR

Virtual node reconfiguration process

\k,/

Fig.5

pr MEAT BRI BB T A 25 i,y REAUL T AT 56
Rpfy g M pfy o IAFAE I EGE 1R VIR, [HIL
AT EMRATE IR fion fup R 23BN 109 K
0.993 1 18.85 JiJt.

¥z L EFER 1,3 2 B EE 40 ) i N\ I Ta] B
AT AL R B LY RN VL Three-OVMG ) %
EGFIRE V. h= 111 K, 15 HH 4 R0 %
1% VRoute, WK 6 Fix.

—— Three-OVMG
1) /M
b ls

aid
IR
2
H

PP, P, P, P. P, P

LALES
Bl 6 HE&EE VRoute il HiXT HL
Fig.6  Comparison of scheduling routes Vroute output

K 6 firs L2 18] s MU AL R B Sk A 3

JE B ARG, 58— B Ak 5 16 A
frut Ffieq 43 50R: 58 K. 0.990 Al 16.25 JiJG; 26—
B RAL G 1 R fonrs fowr P foer 230N 47 Tc
0.992 fi1 2.04 J5 6. Kk, A T ZHARAL JG 41
futs for FALq 235 0: 106 K\ 0.991 F11 18.33 Ji .

b 5 28 1) SR AR, (B R B AR T I 1) e /M
DAk B 2, Bk Three-OVMG s &4k 1 4E
FERESRETT 0.202%, Bll: A = (fuo — fuw1) /fuwr X 100%.

SRR EERTEEANMEAEAGRRE VAR
T, 5% Three-OVMG FAL Ak 25 S B2 4 T 8]

AN AR B B2
3.3 &% Three-OVMG HIMEE S

SZIA 0 Three-OVMG AT HEREI R E A Z,
A HWFR T B REEANAFEHRE V.
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h AUAS[E] TALEE sS AU S P IR FHATHEREI 325
M) 175 452,

1) AIRVEEIN ARG FRE V. h XL PR

PBRE TAIZS i dE PHECE N 10 #1154, & T
Ridh i p, MITRE &5 e T8 H NEEA {2, 3, 4,
5YHIBEHLEL, 2 5%- 10%- 15%- 20%- 25% [ LL 151 184
& F & E Vh, AR EE Three-OVMG $U47, 15
HABRERENAFE SRR V. hXTEERm, N
Kl 7 Bs.

1.0
09}t
0.863
0.846
0gle 0833 0837
g 0.8
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L 0.709 0721
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03!
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Fig.7  Effect of contract vector V on Performance

K7 4R, FEARRVEEIN S FRE V. b {EER
5% Three-OVMG AL R B J5 T 2 & 41 f,, AE %
IEHR A,

2) A MRIEHE WA F A& A P A 0%
FRIRE ]

BRE I 20% K& FRRE Ve G, ¥ T2 LT
fr s S5 P H 20 50 BE 8 55105 15 AT 20 J&,
FLALE R p; KIERE 45 i e T8 H MRS {2, 3,
4, 5}YMIBENLEL, 1A 5% Three-OVMG #4447, 13 H

B IRVEFE N AR TALEE S8 P& X REI R,
Al 8 fik.

Kl 8 F8H, fEABRYEHEIN T 0145 54 P H
FREVE Three-OVMG AR FE f5 T 2411 f, 18
B B OR F . AR, RIS 18] e /MG TR S SRR AR B, B
1% Three-OVMG AL E J5 T EH AW £, BHAE BT
W, Hhnte A 1.58%, 3.68%, 11.13%, 15.45%.

4  ZEFRIE

i T2 2 H A B2 B A — 8 RIXE L,
JEHAZA N T Z R I ARL LR S A5 20, BLA
W FCR R TR SE IR, A SR I — AN 2 4R

1.0
—— Three-OVMG
0.902 - WM
0.9F
0.8}
ﬂﬂg
!
07
ﬁ\ N
# x
06k 0.638 .
T
0.55
0.5}
0.4 : : ; :
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T i

K8 TALES S B PERE IR

Fig.8 Effect of workplace node numbers on performance

H T =R RE AU A it ok SRR A R A A P Sk
AP T BRI B2 R AR, T AR S 45t
YT ZENB ARG B, 456 P i e
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