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An order-based fruit fly optimization algorithm
for stochastic resource-constrained project scheduling

ZHENG Xiao-long, WANG Ling?
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: An order-based fruit fly optimization algorithm (OFOA) is proposed to solve the resource-constrained project
scheduling problem (RCPSP) with stochastic activity duration. To evaluate solutions effectively under the stochastic envi-
ronment, a pre-select scheme is proposed, and the order-based optimal computing budget allocation (OCBA) is adopted.
To make the FOA suitable for RCPSP, the swap operator is used to perform the smell-based search, and the elite updating
operator is used as vision-based search. To balance the exploration and exploitation abilities, a collaborative search ele-
ment is embedded into the original FOA and implemented by using the two-point crossover operator. Simulation tests are
carried out with the benchmark dataset by taking several types of distributions into account. The comparisons with existing
algorithms demonstrate the effectiveness of the proposed pre-select scheme and the OFOA.

Key words: stochastic resource-constrained project scheduling; fruit fly optimization algorithm; collaborative search;

pre-select scheme; optimal computing budget allocation

1 5|3 (Introduction)

PR LRI H 4 B 1) /@ (resource-constrained pro-
ject scheduling problem, RCPSP) & 7Ei#5 /£ 1 H 1531
DAL P BRI HE G 2R RTER T, A EE A Bt
PRFNZZHET B BN  FFAs IR, DASEBEE & 1 H 18 B

Hr B R, RCPSPRAT 2 1N &, B
WUFFR . iR . H = TF R | SR g IS
TEH %% b, RCPSP A UF BH oA A a2 1 22 10 =X I (]
(non-deterministic polynomial-time, NP)#f fl4, H 4
SRR SEIE BT — B A DAk ) B A T DR
RE HATRCPSPRIFF AR CIRFE, (HRZ /IR T
Hiff PR ). AR, 7RI H I SE B AT I RE A4 B
TRIEPLLEAR I NRDPFHEATRE A&

ek H: 2014—09—02; 3R H: 2014—12-26.

k. BARRRWFER R, T H &30 SEPR
1T (] 5 T e TIAFALE R ZE. BRI, A e RCPSPHE
FEESERRE L, HAFFTE B .

I LeAE T H 35 3h T A 40 A AN BENL AR &= 1)
FEALZ YR L AR IN H 1 B 0] /8 (stochastic resource-cons-
trained project scheduling problem, SRCPSP) 5% %I
e (5081 (5 B T 1) UK AR 0 = 24k, Bk
EH AT R IRA R, Stork O14 H —FfhEtxt i
HLRCPSPI 44 & FLi:; Ballestint 142 H —F gt A& 54
¥%(generic algorithm, GA), 345 i LLTI H H&4NE S
HIHEE THAVE R is 3h TIAR I (BORR 28 10
H) B & T H (makespan) 5 BEHLIAEE T 50 H make-
spanfi 2 2 A7 7E w2, HAwmZE 5D H 3G sh T 4
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A W) 7 % IE A5 5%; BallestinfllLeus! 48 H 7 —Fh g 4%
BENL B IENAR R 7, N T E B TN RS
T H W& 3 73 A Z (B 1 % 2R AshtianiZE B H T —Ff
Sh G T B SR BE M GA, ZET PR 5% 38 4 T H v
AT EHF.

A R — Tl 3 B0 B A AR Re LA B, SRR
(fruit fly optimization algorithm, FOA)" &, 7E 4 @[] |
S ARARNO U Y  Hr R AR A 2 R
WA REUST | 2 B A= B SR U 25 ) 19 31 T K
DN A, 2583 Bk R R R S5ED, B AR
AR 52 F A 1) BRI 7, AR SCEEX BEALRCPS P
H —Fh 3T P 1 SR8 5% (order-based FOA, OFOA).
% 18 2 in) S BENLER &, 5] NP4k (ordinal optimi-
zation) TR, $& H 25T BRI H A9 FOENL I H-R FH &
PLt 5 & 43 Be $ AR (optimal computing budget alloca-
tion, OCBA)& EVEMA#. oA T i &/ R R,
TEFRYEFOA R AR 3818 R AR 1 R i FEal_ IR T
PRI RN, B g, Wik 07 5 Sk LR AR
P LA .

2 [BHEAR (Problem statement)
2.1 PFEHLRCPSP(Stochastic RCPSP)

ZHMRCPSPA AL R —ANT B N +24
WA ={0,1,--- N + 1}, KMEIRANE FERT 5
BRI, RN R EL(k=1,2,- -, KBt
BHAH Ry, WESI0RESIN + 1A EHNES), XD H 1
FRUGFZE R, THIR0, ATHFEZIR. T H v H—ANE
TR M EGN, )RR, Hd: AAFINE,
w)IRG, §)(i, 5 € JT)RRIEIEHEN Z A I 4R
KR THFE TN (G =1,2,--- ,N), ¥
FERUR R Hr (k= 1,2, K), WE Biz2
A ZHEN TR Es; (5 € J), (FEEANTE
FR5E LI [A] (makespan) /).

BEHLRCPSP&Z HLRCPSP I NGl 1) T
WE— o mamrERRd; (j =1,2,--- ,N).
&) LI €, RAWEIEH G4 Rerfi e 3
AR s 3 B FF AR I IR A BE LR Bs, (7 = 1, 2,
<o, N+ 1), HETESPATERZ G, 15 211 E It
FIHAT A =

D=[dy dy - dy],

I 88 D A 35 B 1 — A ARSI, B b —M3% Bt (scena-
rio). FEHLRCPSPHISAAARAL Al R U -

min : E{sy;1}, (D

s.t.s; + d] < Sj, \V/(’L,]) S A, (2)

Z Tik g Rk; Vk S K7 (3)
1€AL(t)

Horh A (t) Rt ZIPAT TSI ER &

2.2 AEEKEE (scheduling policy)

SKARRCPSPIY, #8 R AL £ X T B 135307
FUTIAESE bR B, PR 75 208 i i h i R 30 7 )
AL A AT AT R BE, FREAT MERETEMT. £ JLRCPSP
) SR il B0 — FBCR FH R B 2B L il (schedule genera-
tion scheme, SGS)™ SLIESN 41 B 7] 471 B A S,
T8 A R A B B0 G B T2 1T 45 280 e 45 () W AT
A EE. ST REHLRCPSPI A & e, 7630 H 30 78
AU LA E NS S I THA, kA BEdE i SGST5 2
TEB P FI N AT AT PR BE. BRIk, SK AR BEALRCPSPHY
TE %5 K FH VR B B (scheduling policy )81 ik #E )
SKIRFFPAT I H B AR BE . SR AN [R] R B SR msg v
RefR B R B 5 5, TR B P R oK AN [, B
FE SHEmE R SR A S PN R PR RE VRO, BT
B B B S s B L FE 7 3 5K W (activity based policy,
L CAB) ., BFIKIE (resource based policy, i CRB). &
LI 4f 5K W& (earliest start policy). TH 1% 5 & (presele-
ctive policy). £& P4 ¥ 3% 2 B (linear pre-selective poli-
cy)~ T4k FE 5 W& (pre-processor policy). Hff 57 B,
CABFICRB @ HAR T HoAth 8 B oems. stk em =,
AshtianiZ£ 8145 HORBELAR T CAB, L H 4% sh TH#
Gy A BT ZE RO IR R BRI, AR SCRFH OB B 5k
S
3 RIRHL(FOA)

SREE O R — B SR B AT A A R
H AR e R A, FM I RIS
SRR BRI AR, BT A BB R AT A PO IR R A
PR A, vt 0 O M R e 48 2R R4, 8t
TR IEARIE R, SRAFO0AL Il R )5 T A SR
BEMAR I R

BB VIEWA RO,

BB 2 W R. AR O A E B
A2 SRR

BB|I VPAME IR LS BN
)3 B BE AL

B4 R, GBI, R AT
M.

FB,S
L EV L 22

4 BE HLRCPSPHIOFOA (OFOA for stochastic
RCPSP)

Bt 3K % BE HLRCPSPIOFOA ) & 2 B AR R
F—, RAENFIRGIDRIEFFEAME; 352, R
T 5 ML A 2 40 R L e A 2 R e e T 2 TR A 56 R
IS e A FREE; 28 =, F 0 TR B I, 51N
OCBARIARBAT A ELVFY, H R EET BRI H T

A 2% TR T A2, T e DA A U,
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ERVE

TEMLHAE I R 28 DU, 726 MR 4 R M BOR B A e
BRAVEA AR TR, ZERLIEHE RN BOR F AR SE Bl
FEBAREE; 26 T, R A UMERELALHIG SR A A )R
4.1 bS53 (Encoding and evaluation)

W5 R BB, i 30 5 R gl o A T H A gw i )y
K. BEHLRCPSPYE A& #RCPSPHI—Fh e fREE T
RCPSPI) ¥ 22 H5 1%, K BLOFOAR FH ¥ 5h %1 36 4 9,
M MEEEN IR T = (a1, - - -, ay)FRam, Hb
a,; R~ JAN W B & 3. DA BEHLRCPSPH ¢!
KZ RABEHIIRENSAHED,;(j =12,
NS) TR 8 THAVE A U T3, n=R@)pr
R, F N ST RE A 107, S T E T, AR
FAAH FIIPPR 77 =K.

~ NS "
Cmax(ﬂ_) = Z 3N+1(Dj, W)/NS 4
=1

53R 1, 7-81— 2, X TSR IR 1) B A, 30
AP AE 1000437 55, AH X vHEAfG T AR 1 31 22 T,
VBRI RE.

4.2  FhEEYIEEAL (Population initialization)

h T W ERER A R R B8 ), OFOATE RIS
FEFRIINPANOALE, B OALE T —
A, HE T A4 B — N FREE. 2 Il HartmannZE 51 B %,
OFOA R 3T J5 M B (i 1 PRI BE AT LA 77 V20 e e 5
FS I TR} OE S AR EAT FREE I 2R k. BAKT S, 7Ede
AP SK I 2, 76—/ v] 1% 75 3l 5 (eligible set, SE)H,
AR 41 B e P MR BELIE B — NS B T 2R A
AT, FANESN L P IR, 4 R D

= (kg + 1)/ 3 (e 1), )
1€SE

Horb: SERR 75 T A BT 4K TE 3 © 8 B2 IS Sh R
LFT ;3730 5 I 58 B 18]
4.3 TUEHLE(pre-select scheme)

Ballestindi th !, 2o TN EE L I B2, 1AM
I AR R 32 SE N> T Ab, SK AR BEHLRCPSPIR A
FRIAEF AN, Vr 2 R rERR Z. Bk, )
BT VIR A SN SA S S AT A HER PP
FEGFHE RS Z IR T H R 1R LEBCK AR
RCPSPHIAN [RISLR I, A2 il ) A2 B B 2 (B PR
B H 405 I HA MR, o 7538 R AR
SVPUNICEL, P2 iR A AR R, AE bR B — A
FF WD E BUEALE. RS, E SR
KRBT BT p% IR R, AN HUR AT 22 0 H 2
AT — VPO S BIAR EOPERE, TILE 5 IR Bt vt 55
BOMEARIEZ AN 5 AT ARG .

4.4 TREHMHAEZE (Smell & vision based search)
SMR B SE E NESAAL R ), A T AR
AE SR AFRCPSP, o 20 T VT ARF IR A MRt FORR S R AR X
TRCPSP, LA LR I ZR T B AL B )
PEREF AU, RIHCR FAS M TR S LR R B
AMEBIm, nffiswap(m,n)B/ER IR R, [FR,
TEMR AR R T B, BN P O B P AR S A AR Ik
ARG E AR, R RE T, B
FhEE R RN B B 7B 5B A AR AR AN
OFOA M BRI I 2RI AR I O ARSI T
FOR ¢ = 1to NP
FORj=1t0S
REALEBE AR AR KRGS Im, n
swap(m, n)’fEﬁE?ﬁf@z/l\WTLFfj

END FOR
PR A R A A, 328 8 B DL T 4
BnFf;
END FOR

4.5 PMENLHI(Co-evolution scheme)

A& 28 SRR R AR b AR B B A SR S B o,
BAMKIRIEN R SRS E. b TIREEENERER
RE 77, 76 b5 P A [F] A 44 2 18] ) o 4 48 R, IR
XTRCPSPHUT U NRFRR IR s A8 SCERAE AN LA SEIR.

A — R RMRE f,(i = 1,2, - NP), BibliE
BB 5 — MEF f,, RN BEHL 1~ NZ A
PN, o, T PR RAE XAF BT T MEF £
BAK S, ALEL - -, r FEBIE [ 487K, A& r, +
Lo oGS ANE f 482K, R AL B KIWESIE f;
Zhrk. B

aj=aj, j=1,2,-+ 11, 7

aj = ay, k =min{k : aj, € {a, , - ,a,,}}, (8)

ai=aj, j=ry+1,--- N, )
Hrlal, af, a3 HRSIIRE f,, Ff,, F {303
BRI TR IES.

4.6 BALTFHEESHBL(OCBA)

OCBAUSUEAH eI N BE Al A FRHHE 2
— P A, BRIV BTN A8, Rk —
FEE, 5 EE A T REHLARAL i)

min J(0) = E[L(0,8)], (10)

Hrb: ORRRINES, ERRAHIE M, LRRFERR
P RS

X F AN e Ak 17 @, 3 % FdMonte (Tlarlo;'—”%
L% U AT BE MG T B AR, Bl =3 L(6, €)

j=1

1T, AT A ERE. BAR, B B R BT Tt
B AR B VP HERF BE, (BT AU TR B PRS0 R /)
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FUVTUOL R B EET T, T iEs—4K
M PR REARTEAN RS, OBCASK A Qi R RIS

BE1 WwEg = 0, ARAMES B R EIX
Hing, HR/NY = Ny =--- = N}, = no.

SW2 MRS N > T, UG

i=1

W3 BN EREA, THEBTEE S
NS i=1,2,--- K.

SBa j(j=1,2,--, KIS E IR
max 0, N9 — N?, K549 = g + 1, RIEE.

PATOCBART, no AR K/NEEFREHE. £ing K
N, N FEC R RIS R R RS 5 AR, N
SEREGE 2 T S ET K, k2 M RIR 2R
&=, 8%, ny € [5,20], A €[5, K/10]1¢!,
4.7 OFOA#iFE(Process of OFOA)

T BB, 4 R AFBEHIRCPSPHIOFOATR
T2, WIE 1 FT7R. OFOABLRAA L EFT: BT TSt
LI KR M swap R Er=E AR IR R B R AR | 56
FHETH W TUENLHEIAOCBARIVHN AR . TR
PALHIIA B AR 2T P9 A8 UM E AL

BESHg=0
i
Ptk

AR ?

i i A

o

PAT LI R

AETFHTP Yo vt 2

PAT T 47 OCBA
PATH R R
v
PAT AR R

|
Kl | OFOAIFEE
Fig. 1 Flowchart of FOA

5 PEZ43E 5B (Simulation results and co-
mparisons)
5.1 32K E (Experiments setting)
H 724 AR e F BEHLRCPSPIIBTFTIR 2>, A1
2 PR ST 44 K FIPSPLIB!'S o (111204 o it 45,
J1206 456041 34110 3L 6004 P ) B, &A™ 7] &

g=g+1

P
o

WAE 12053, LARARE T T AR T30 5 Y2
THA, RAAR AR R Sk 5. IUA TR 8
W sFh A, BRI A
Uy, = U(d — \/E;,d; +/d),
TIE A3 B3 AU, = U(0,2d), 722 R d213;
TR Aexp(1/dy), 5 2R d;?; X 1) [d3 /2, 2d5 1A
WP BetaZ Ai:
_ dj 1 2 _ 11
Bl = Beta(? — g,d] — §), BQ = Beta(G, 3)
R, UM B, FZERB/D, Uy fl BQ?IT%Eﬂ(E'ZEP%F, iii]
exp J7 Z= B K. #EIntel Core2(TM) Q9550 (2.83 GHz)
TR C++2MOFOA R 1, IR A& T
I H RS AR K BE R 38 W 22 B 3 LG (APD) RN 5
_ l R E[SN+1(D,7T)J'] - LBJ
APD = = ; T ,

J
He: R = 600, BIT120/5 5K nl 4 LB, A A i)
) B T E O B B AR K R TR B R T
E(s 1) H1000RBEHLYT F 43 P A(EIRL.
T AP, HICER(1, 7-8]1—2, 437 B & 5000
25000 B R B A2 BB E b BRI 2 1454 72
— R TV — AR, BIA A R — IR
5.2 S E (Parameters setting)
OFOAF 3N KRR SH: FHEEBINP., IR
A BT AR AN BLS AT TR AL A 1) 2 PEA IR B b
Blp%. 15 A FHRL 5 7t 77 (design of experiment,
DOE)!HRIS S HOn Hvk Mt RE R M. % I8 &
& U5 A, NG 41T12010) 75 BE AL B — A 1)
G601 ) T @R %, & S5 4N K PAE,
RPN, TR S A Ly6(4°) 1 IEAT AR 3R,
VA RH SR & T MSLIZAT 204K, LLS0004K
B A 2 145, SKRARGOA v 8 BT 1S3 APDAE A VRO
BbR. IEASRAPFTEM TR iR 2 s, ARYE IEATK,
WHE S BN EMEEZRRE, WR3P7R, S
ESHEEVE R mE S B2 R, HER3ET
W, S ZEROR, X3RN GAE R A BRI AR
HEXNEERmME R R K, [RKEET SHE T R
RIS, H R WA R RN . e
TR AT HAT TOEA LSS TEI IR B B p%e.

&1 B HoRF

Table 1 Parameter values

K
1 2 3 4

1D

¥

NP 10 30 50 70
S 1 3 5 7
p 5 10 15 20
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Table 2 Orthogonal array and APD values

WS

WA

% 2 ERXkAAPD

syme K F
%%  Np g p APDI%
1 1 1 1 58.65
2 1 2 2 58.27
3 1 3 3 59.11
4 1 4 4 60.02
5 2 1 2 57.69
6 2 2 1 58.43
7 2 3 4 59.55
8 2 4 3 59.33
9 3 1 3 59.75
10 3 2 4 59.54
11 3 3 1 59.12
12 3 4 2 58.26
13 4 1 4 58.49
14 4 2 3 59.18
15 4 3 2 58.42
16 4 4 1 59.97

*3 BHBoapAL

Table 3 Response value of parameters

5 ¥

K
NP

S

p

59.01
58.75
58.67
59.02
WE  0.35
B3] 3

= W N =

58.15
58.86
59.05
59.39
1.25
1

59.04
58.16
58.84
59.40
1.24
2

59.5
59.0
58.5

58.0
0

(a) NPXHEIEMERERI R

80

(b) SXIEVEMERER M

39.5
59.0
58.5

oA

58.0 : !
0 10 20 30

P
(c) pAEEVERERIR T
2 BBHONIENE R K-S

Fig. 2 Factor level trend of the parameters

FH 2 BT 0, 25 p A/, WIPE IR0 2R 2% 195 i
filt, 2, ISR RSK, 1530 T BRTHE R T
ANVERF T B VPN T REAN L A AR PR RASER SRVE 11
PERERZMEL /N, HARPNERKREAF T2/ R.

W2, RHAR IS HOK A AP o345 T i3k
ATRAFIDOERE:. 568 R I, X T AR 75 A S5,
BAEMS A A HMFE, BINP =50, S =1, p=10.
Rk, 5 SOR T S HOR B T Rt — P R RE A
FIEE LTS
5.3 sEOE R 5 (Results and comparisons)

B, A T RAUEUENLHI A B, tHEROFOA S
AN TEHL I T FOA(BP B #8242 FIOCBA) 1 14 fE,
SR RN,

% 4 OFOA 5FOA # thix
Table 4 Comparisons of OFOA with FOA

S
U1 U2 exXp Bl BQ

B M

FOA 47.52 58.14 75.35 47.95 58.55
OFOA 47.18 57.61 74.58 47.77 58.31
25000 FOA 47.16 57.57 74.43 47.21 57.92
OFOA 47.14 57.57 74.40 47.20 57.92

FH R4 7] DL, 24 5 1 B U /> B (50005 1 B 3,
IIANTUENLEI T = HIVE R RE:, YR EHER L
B (25000 5 1 B £, TUEHLHIXT T H M ae i m
YERA . X5 B UEALH R & S — 3 TUENL
HIBE A T A BV SR PN IR B S5
g Nk N Tbvied LN AT R == A = R A i1
B2 AR, NI s s g,

HWK, AT HAFOFOAMA R, #H 5 B kg
BE HLRCPSPI AR M L AT L, B FEABGA,
ABGRU), PPGAB). AN[E] @l BT gk 25 B Lt
BNF SRR, HPNAR IR ARG LA 45 5.

FH#&5-6 7] I, OFOAKf#FEALRCPSPHY7E S 4 |
RO B UF RS, SFRARFI 24 T, OFOAK T BE
¥R TABGASPPGA. 4353 THIM A h =%
K UL B, BI U, exp 1 B, 4341, OFOA H)PEBEAL T

5000
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ABGR. {H7J7 Z 8/ U A B, 5304, ABGRE g
LT OFOA. W] I, SR AT Bt Uit B Semk IR OFOA & 1
KA S THI A0 75 Z2BORIBENLRCPSP, T 24753
T AT 22N, SR 5Bl I B S B 2o 5
L8
&5 R BEHS000T 6 ik rhik
Table 5 Comparisons with 5000 schedules

H %

gl
Uy Us exp B B
ABGA 5149 78.65 120.22 — —
ABGR 46.84 72.58 114.42 47.17 75.97
PPGA 48.86 58.91 76.03  49.01 58.82
OFOA 47.18 57.61 74.58 47.77 58.31

* 6 ¥OAE 25000 69 Fikrkix
Table 6 Comparisons with 25000 schedules

"%

vigiil
Uy Us exp By By
ABGA 49.63 75.38 116.83 — —
ABGR 4521 70.95 112.37 45.60 74.17
PPGA  47.21 58.07 74.56 47.25 57.95
OFOA 47.14 57.57 7440 47.20 57.92

6 4518 (Conclusions)

BT XTBEHLRCPSP A A SCHR T — PP TP R
IR IROFOA, K4 %RCPSPH B R B A1 5
REAE LIRSV, FF & T UMER R, [
BT ML R FHOCBAR AR 2 ab FEFE AL R .
5 B &5 TR B LU IR T BT BUE LI A E VL1
B, JCHEX T 7 ZBR RGO #E—P 1T
Ve — 7 AN BFENLR CPSPHERSHE B FE S K T 42
YRR PERE, BETTHR H 38 N AR B SR mE A AL, 5
— 7 T FFE £ X BEHLRCPSPH & M 35 R B £ H
Fr A REE R,
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