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Abstract

Based on the traditional resource-constrained multi-project scheduling model, this paper consi-
dered resource transfer time and cost, and used triangular fuzzy numbers to express activity du-
ration and resource transfer time to describe the uncertainties in the actual scheduling process.
While making up for the shortcomings of previous studies, it is closer to the reality and has certain
guiding significance for multi-project management. In the solution algorithm, the common genetic
algorithm is adopted, and the corresponding fuzzy priority rules are given for the multi-project
scheduling model with limited resources considering the cost of resource transfer. After data expe-
riments, the genetic algorithm based on the fuzzy priority rules can solve the proposed model well.
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1. 5|8

BEEALTIRIE, 2/ Efl MEA T S ST S 2 I, R TERIRE S S
DLH s A A I B0 5 2 U R 20 F B (R[] 0 BRI B2 8 B s T 2R AN [ 150 H BAN ] e
GEE R, XTH T AR BRIl E ., 1963 4, Kelley [2]E KA H T BEIESZ BRI
H 1 & I @ (Resource-constrained project scheduling problem, RCPSP), AT H 58 TR (8] f /M A H Ax pf
B o %0 R O IE B 9 NP-hard 7)# ., (H1H 5L F 90% 50 H #8278 2 1 H HAT FIPREE T S2hti i3], Bk,
%R 52 IR 22 150 B i B 19 #8(Resource-constrained multi-project scheduling problem, RCMPSP)F 45 H #il,
Fendley [4] B (R AE A 78 A S8 8t iR 1 22 100 H DR B2 10, [RIt 4t 7 10 B 000 H AR S U] . o 21
IR [R]85 52 07V

DA PRI 55 K 22 AR B2 R AE AN [R) I00 [ 1) 5 R A 75 BERE SR AT AT I (B AL AR , 31X AR 5 S Bt AN A
FEILSE, Rpnl 2 @ TR H , KA AU R % 7% 0 I00 H 3 FE A BCAS R RE AR K o BT X — ke,
Kruger D [S]E IRAERBERI G N T SRR AX — 48 &, JHEH TAHMKE KB, BE, Sl6]
FEHAEFE P [R5 R T SRR R I R R IR R B2 A0, IR T — b T =408 R U R 1)
SO AL SR R AT SRt o 502 W5 [ 71 B0 25 HE BRI L AL ) ) £ 22 T00 ) 1 B2 ) et 1 — b ek i i
THMERE, Gk S e Iz Rk S G AL FE A L FO0RE S 9k SR Z R, S34h, 4R
M A BRI SRS I AEAE R REWAIE R 3, 7R H Seifid #2205 LSS URAL RIS KL 5
RATFIERZR FBONH @A . JFH, KRR TREIE AR HA MR A — v BRSO g sE 4
FAEF =, X FEERA R AN F ML BESX0 AH E R R AT 2 . 1979 4, Prade [8]H IXAE—MIRIE
e b S TR AR RS, Aok R KR RIS (VR N BORI 2, ST 1 RH SR ABDR I AR R IR AT TR
fife, AETRAMBEZE B 21 ANE E K2R AN R B [RIINF At g AR BV 7E T30 H 1A B () e 1 B FH R T S
Jak, [E WA AR B B, RN e BT T BT H L ] AT R . PVE T [9] AT H 52 T
I 1] B /M A B AR R E %% T BRLAL I [R] (0 SR 75 SR BRI AR B, T T RO BE YR S R 22 I H A
B, IRt T AHR RIS N, R B R R AL AT T SR A

R BT CAA /DT AHAE G2 IR 2 I H B n) b 2% 18 | IR R I [AiX — AR &, (B4R =
PRI A &, BN AN E N = R b . B, ARSI T 28 R B UR R ROAS () AR Bt
P32 IR 2 100 H 1 & 7] {8 (Fuzzy Resource-Constrained Multi-Project Scheduling Problem With Resource
Transfer Cost), fEA5 Y 1 [R] I 25 i 2 U5 IR A B I TR A RtAR, DA 22 T0T H 48 4 1R 0% 2 1 R A AT 3 2 411 (B0

DOI: 10.12677/0rf.2019.91005 37 18 %5 S 2


https://doi.org/10.12677/orf.2019.91005
http://creativecommons.org/licenses/by/4.0/

5K B ie

BN A ME S BFRBRE IR 51N TR B R %m0 H R SRR P A E R, = AR KR
T GRURI R I ()R Py P g 1), AR ik — Dl SE Bl H PR35 100 SR ARG 22 10T i E S 7R 1) 7
B, Wt AN RIS N, G A SR X R AT TR AR

2. EEFFRFEREANIEMEIREZ RS EIBE 6@
2.1. |a)EER

FE7 F8 G IR A% AR RASOR) B 0 52 PR 22 T H U 58 1) AU e, 3IAT A 22 10 8 B2 10 e o 50 A4 1R
HhuiH p B J, DL FM s, e, PIAREIITIR TP A S R T, 200 H R & i i H
LR Ah, 305 AR IR RE UL 46 TP AU SR T T3 8] ) SR AR R AV R m] AR — A& 3715 s
KREPRAIR, B T 200 H BRI ERUT MG T MRS R LA, T A SR AT 58 RA ARAAFAE T %4
RITH WA, AEAETARDUE . EREERES, RIS LRPirEms, T 1 A2 HHE
WHBIIFIE LR, LHF n NEZHBEREDS R T . BT s, M e, AT AR B, HEZIT
URRT PR SRR AFAE s, , WIERHREITARERBE E e, HEBIIENA 0. SATH K& R F %
PASTH )R s B A, IF i SR RE o BRURIFL AR I 8] AN T KRR (8] 2 9 = M £, 5308 » A
TR i R TE BRI A, = (AL, AN AL ), AL, A, AY 43 RIFR A R AT (BT ST A
O FE SN TR AT RE IR AR I 18], TR MRS d) = (d).d)' d) ), d).d)d) 5 3R AT R e
SRR TA) | S5 T R AR I ()R] R SRR SRIN [ A, A0 ) B M SS 6 ST iR 4t

BRI S NT AT SR AR A 5 22, AT T AR

1) LR—BIHGASHET

2) Pt iR BRI N T R B R, Bl TS, H D P SR M A TR A e R2 . BRI
BERFTH MR A, U TR i T MBI r (R duE, 5RIERB IR T .

3) BRUERAER I H N A AN ZOE SN (A T RSAS, AAEAS R H 8] 5% 72 75 2R 9 [l Al A, HL

R A FIEER A C Bk e SaA%R, A +A,_>A_, C +C,_>C. .

ijr ijr ijr hjr ijr ijr hjr ijr

2.2. = RAEHE

TR B2 BRI AR i e B0 — e 0], FATLL T R REEEI 8] A5 47 = F 450 B0 i 5092 0 A1
i v, HA by E 2R, tinmE OB, FUOMERSE, AR RATIR B EAE P = A
BT LE R

d,+d;=(d} +d},d!" +d)".d +d} ) 2-1)
d,-d,=(d} -d.d" -d) .d’ -d}) (2-2)
Jixﬁjz(dfxd;,d%xdy,dﬁxdj”) (2-3)
@[d,=(atfas 4 [t fa) @)
d'=(1/d" 1fd 1/d}) (2-5)

log, (d,) = (log, (4 ).log, (4" ).log, (d")) (2-6)
d,+a=(d} +a,d" +a.d’ +a) (2-7)
d-a=(d} -a,d" -a,d -a) (2-8)
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d xa= (a’l.L xa,d xa,d’ xa) (2-9)
Ei:/az(dl.L/a,diM/a,dly/a) (2-10)
afd, =(afd" .afd)" ,afd") 2-11)

BAMEE  EIK 0 [, d A d | Asshi e IR, TS S 3 s A S 7 ) BT
~\_df+2d" +d;
1(d)="——"
PRIt AT BB Dy b e RIS = A B A B 0 T
D #1(d)<1(d,), WHd <d,
2) #1(d,)=1(d,), WFkd =d,
3) #1(d)>1(d,), WEkd >d,

2.3. HFEE

1) BERIFH OGRS S AR B
P H AR TESBEE, P={p,p-p,):
So» € 22T YA 1] Rk () 0 4 T A AL 48 3R T
s,ve, U p (FHEAUTF 4 T A 3045 3R T
J)TH p T L&A
J, A p MITHSE TS, J,=J,~{s,.¢,};
J 2SS ESE K TREES, J ={1,2,-,n);
J 2 E BT R A S TR, T = ~{se)-U,{s,.¢,};
d, T j e, d, =(d}.d).d});
’;ﬁﬁerﬁz%%ﬁzﬁjﬁﬁmﬁ@,A =(AL,AM.AY )
t, THFRIRS], 50 H R A S T E 7
F L j 58 T
AT MEEEHTRES, 4, =0, 4,=( e} 4, ={s}:
A TR j I E BRI KR TR A
S, LY j MEBERRE TF%ESE, S, =3, S, = {5} S, ={a}:

S L j E BRI B R TIPS

ry REBVIRZEA], 2 00H W B WS A R &

a, TR r AR

w, L j T @08 r KBCR, w,, =u,, =a,,u =uep,,:0,VreR;

ro
sor eyr Spl

1, LS | R - 0 LA 1, = JU {s,} (/) - S,

O, LR j TUMEB BT r M LG O, =JU{e | ~{j}—4; s
CP, U H p B FIYIFR;
T, 5H p (547 5 A (B3 )
C,, B r WP i ¥R BT j (K BT AR
M 55 RIS H

(2-12)
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S WERATSS j AE ¢ W ZIF AR 1, I8 05
N, BIR r WLy i ¥t BT j %R
x;, WERGHIE r WP i BB T j Moy 1, BN 0;

ERANTEAE
minMC=3 (F, ~CP,)-T, +¥N,.-C, x, (2-13)

AL TS
S g =Lvjed (2-14)
FE=Y!0(+d) £, %] (2-15)
E—EZ%WGLWE% (2-16)
F+A,+d,<F,+M-(1-x,)VjeJ,Viel, ,VreR (2-17)
Ny, <, -minfu,,u, }VjeJ,Viel, VreR (2-18)
xU,SNU’,VjeJ,VieI,j,VreR (2-19)
z[e[,/_ Ny, =u,VjeJ,VreR (2-20)
j<0, N, =u,VieJ,VreR (2-21)
> S, f, <aVieT,VreR (2-22)
f.€(0,1),x, €(0,1),N,, >20,VjeJ,VieJ,VreRNteT (2-23)

H AR R H0(2-13) s/ 22 35T H 8 B i A, A4 300 H 4 90 4 13 (s 3R il ) G A R 58 R 72 Fl AR 7

ZIRFEATQ-14) WATAT TR R BEAERE— I 8] 5T 4

LI EATQ2-15) N TP IR 58 B 8] 5 PR & £, IR R,

LIRFATQ-16) N TN B AT R R LN, SISAES N REAE T R AT 55 56 S TT 4R
LIREAT(2-17) N L P AL AE BT 5 SR B8 5 A4 7T BT A6

ZUSR AR AR (2-18)  HE BE VR 1A B U AN 7 BT 75 i R R A O R

IR (2-19) NIRRT EE x, FI N, IR AR

LIRGEAF(2-20) N PTA e N B T (4 B RO A T 3% 7 T 7 A B R
LIRRAT(-21) N FTA I TR i SR RO S5 112 T4 1) BRSO

SIS AT (2-22) WA TN 220 A 455 A4 P ) S 8 AN S e B ) i (AL
LI A (2-23) NIRFA B AT AT

s

3. ETHEMA AN R EHE
3.1. ERHMA SR

HI 1% GE HOUIE S LU I3 38 AR B3 5 52 R 22 100 H 1 AR R SR R A 75 R, PRI A SCAE 25 25 1 5 Sk

it b, BETE AN LSS UL, 1 D LKA DIE S R
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Table 1. Common fuzzy priority rules

= 1. BRARM e

e PSR e 2RI A2 AR
1 EST I L TF AR E] F5e /)y min EST
2 EFT He L 5E PR ) B /N min EFT
3 LST IR TF AR 5] f5e /1N min LST,
4 LFT 5 I 48 RN T e/ min LFT,
5 MFSLK B ST RA I [ min{LST, - EST, |
6 SPT P o I A e 1] mind,
7 LPT TR R 1) maxd,

3.2. BIFEIER

AR S 3% FH 383 A% B0 2 R U R e BSOS RIS MY D5 R 52 R 22 101 A BEASE R AT SR A, 0o SR A 75 22
MEERAT T sudt, DU ARIERIRBUR .

1) whd

KX ZHZ 0 H FERESN T AMEE, Bk TR T T EMNgwG T, RAR— 21 LFi
1T E, AR UIHEHAT G — E T . BRI a) [F—ZEH K THEASHEERT S RLW: b) 6
R LEABAE R EREE LT o [E—)=Fpra x5t 5 e & K 8 A I 1% 7R )
B

2) fiftd

AR FH TR S N ) 5 X B 7 Vo0 e (AR b AT fidghd, RBERAR I N o) #ZIZER
AT TP PAT IR IR b) W — 240 i L p# RSO AR S AN BEAT HE 7, 0 e A S IR DR R 5 7% 1
AR B, AR SCHE T LST 5 S P46 Ik 1] 85 /N A SO A1 2 00 o

3) EMNAE AL

AT BORI SR EE A, AR ST LA H A ek 250 0B AR Dy 3 A R 3

4) A UL S

AR SCIE R FH R SR R OB A A S o BEATLIE A8 XA, FAR I S i) iR A8 X w6 A2 A,
28X S AE 5 Bk CL U G A 1) S50l PG BAR. RSB, TERTE P2 B BT R LR
Fehib b, BEBERZ D, 1 TR SR ) A SR I TR

4. BUESCIE

AW T AN ZUH BERENEG], |1 4 NUE {p,p,, py.py )~ 3518 DT FHR, WA 2
FR, BUH {p,, py, pys pa ) FIETE IS 3128 351 404 55, 50, B HE 1 51 (522 050) 20 50 3+ 4. 44 5.
TP RE SR TR B2 YR R I 1A) 300 = MO, 01X 4 ANTIHE JEE 3 Rl BB R, BRI R4 AN 20,
15, 25, BAESHnE 2 M5 3 Jios.

fE BRI RE R RE R, SRR SC R 3R B ML S M min LST, Xt A — 2/ () T F #EATHE, 24183
ZAN L s aa iy AR ERS, AR5 /ANR T, H4h, ERFIBTR, WE 7 RIGERIRE
N 100 AR o B 28 SRAS AR B A A# (139, 158,170), W7 2= M(1, 2, 3,4,6,7,8,5,9,11, 13,10, 15, 14, 17, 16,
18).
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Figure 1. The flow of genetic algorithms based on fuzzy priority rules
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Figure 2. The network diagram of multi-project scheduling examples

& 2. IR EEE I E

Table 2. Relevant parameters of the example

2. BHAEXEH

TR LI [] Jir e B PR BRIk &
1 (,6,8) 1 5
2 (13, 15, 20) 1 10
3 (8,11, 13) 2 5
4 9,11, 15) 2 10
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Continued
5 (19,22, 26) 2 5
6 (6,9, 10) 3 10
7 8,9, 10) 3 10
8 (11, 12, 20) 1 5
9 (8,10, 15) 3 5
10 (8,13, 14) 1 10
11 (12, 16, 20) 3 15
12 (20, 23, 25) 2 5
13 9, 14, 17) 3 15
14 (10, 15, 22) 2 10
15 (17, 19, 23) 3 15
16 (10, 13, 17) 1 10
17 (12, 14, 18) 1 5
18 (10, 14, 16) 2 10
Table 3. Relevant parameters of the example
3. HAEXSH
AT RER A SRR ASAT 53, J, 1) BRI ) IR TR BRI
1,2, 1) (1.8,2,3) 5 1
(1,8, 1) (15,2,3) 5 2
(1,10, 1) (1,15,3) 5 3
(1,16, 1) (1.1,2,4) 5 2
(1,17, 1) (1, 1.5,2) 5 3
2,10, 1) (1,2, 4) 10 1
2,17, 1) 0.5,08,1) 10 4
(3,4,2) (2,2.5,3) 5 3
(3,5,2) (1.1,2, 4) 5 1
(3,12,2) (1,2,4) 5 3
(3,14,2) (0.5,2.5,3) 5 1
(3,18,2) (1,15,2) 5 2
4,12,2) (2,2.5,4) 10 4
4, 14,2) 0.3,0.5, 1) 10 2
4,18,2) (1,2,3) 10 3
(5,12,2) (1.1,2,4) 5 2
(5,14,2) (1,2,4) 5 2
(5,18,2) (1,1.5,2) 5 1
6,7,3) 1,2,4) 10 1
(6,9,3) (0.5,2.5,3) 10 2
(6,11, 3) (1,2,3) 10 3
(6,15, 3) 1,2,3) 10 2
(7,9,3) (1.1,2,4) 10 3
7,11,3) (1,2,4) 10 1
(7,13,3) (1,1.5,2) 10 3
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(8,10, 1) (1,2,3) 5 2
(8,17, 1) (1,15,2) 5 1
©,11,3) 1,2,4) 5 3
9, 13,3) (0.5,0.8, 1) 5 2
9, 15,3) (2,25,3) 5 2
(10, 16, 1) (1.1,2,4) 10 2
(11,13, 3) (1,2, 4) 15 2
(11, 15, 3) (0.5,2.5,3) 15 3
(12, 14,2) (1,2,4) 5 1
(13, 15,3) (0.5,2.5,3) 15 2
(14, 18,2) (1,15,2) 10 4
(16, 17,1) (2,2.5,4) 10 2

5. GRS RE

FERE R TREYUR, 200 HILFEEAT AR Bk, SRR & BN OUH sl £ R E 2, AE
DR M AR AT 3 S50 H R I BRA S o AR SCAERR R F 2% 18R] BT B AN [R) T [R5 A% o SR K
I 1) AT SA O RE R, JFSIN T = Ao SOR 20 550 H 52 Br il BEE R o AN E P ESRAN UAERIT FEA 2
AR, AR A5 R AR SN SERR S Lo AESRMETT T, AN SCRA T 3 - B0R 12 S WU U PR 288 % 5095
20 BB R0 e DA% R T AR SR A [ P =85 18 % 0 2 2 I 18] Rl BSCAS PR B2 U5 52 PR 22 30T H 1 FE AR

B3, ASAETFAIFAEAN R AL, BAERRIT TR GRERAGT . Ho—, BRI rp 58 1 T
HUBRCSS AT ST B IR, £ SE BRI F R BEI AR A, TREAD R AN AT B B A A J5E il U 30T ) e 7
H=, ASCKH = A B HOR R TP 2RI A A0 BE YR RS I 8], JF AR J0 e = M ORI AU 75 0 AN i 2
PR i A B Z T 3
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