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Ant colony algorithm for project scheduling problem
under flexible work-hour constraints

YING Ying, SHOU Yong-yi
(School of Management, Zhejiang University, Hangzhou Zhejiang 310058, China)

Abstract: A new mathematical model for software engineering project scheduling was proposed. The model took into
consideration the over-time of software engineers, which was regarded as a flexible work-hour constraint. The project human
resources were analyzed in detail. As a type of special renewable resource, the human resource was added as a new constraint
to the traditional resource constrained project scheduling problem. An ant colony algorithm based on parallel schedule

generation scheme was suggested to solve this new flexible work-hour constrained project scheduling problem, and an instance

was used to verify and analyze the solution.

Key words: project scheduling; work-hour constraint; ant colony algorithm

0 3%

XFHRELET AN S, 5B AN TRARSFEFEE
Bl &, B H # . W Z RO E A
( Resource-Constrained Project Scheduling Problem, RCPSP) M
BV PR — 2 [l AT T #R , I 45 10 T FE R 7
WS40 RCPSP [al L B AR 0 7T BT IS AT BT
XNFEHIEGE , CHRR LR AT S , AT FIRIER
BRXBHERRER, 5 -BOTERTEAR, A FER
E—EEWmEReE. FiL, KN ERENEREE
P RE, WTHE BN B EHRTRE, AXAE—AE
B, RA PR FEEARE I B AR HAT T 2E , E X
THUEEAS IF4 I T AR VSR AR

1 ZMTHARTHERERR

—AIi B AT LR R — > s (Activity-On-Node,
AON) F [a P4 FFIFIEPI R AR : — K RAL S Z B A TE R 2
BN, 1 AON M T kR ; 0 — R RH R RE R
R IR, BRAE IF] — I 221 2% 95 %0 BE UK 75 SR A R A B¢
MR, B A LA ] AMES , HE KA TR
TR HAPER B AR IRIERIE O R, TR H ISR ME S5, T H)
N p; X b FBIREO TR R By PR RRTES MR ST
H P RS BTG EARIC R ST, , 253Ut BIARIE R CT, o FERT
8] ¢, A #AT S5 BB B ARIC N 1o T LA 55 FF 4R Bk (6]

s HH7:2008 - 12 - 15 ;& B H#A:2009 - 02 -25,

i ERR— N EHERETR S = (ST,,8T,,--,5T,) . Wik,
£ 4iLff) RCPSP W] LAIE N -

min CT} (1)
s.t. 8T, = CT,; Yj,h e P, (2)
Y <R Yk, (3)

jel;

HA (1) RATEMEREL, BE/MUIE & TH; K
(2) B ESFZRINERNRR, —TES LMTETA BHi T
ESERJG AT AR 3 (3) TR IHELAR, R £ =it 2150
BRERTFRARBEREANE AL FESFRELE
WEPAITER, BT XS RBRRRY REE AR
WEIR,, B3 DL A & B,

WEH A b P IRE BRI BE P B INBE LR Ry ARRAEL
B B — 4~ LB«

R = uR, (4)

— BT A TAEREMR TG AER R, FEXT I
Thf ERRSEATRR &, 10 SAS000 F7yEBE B HL 2 A B B 48
i 12 /N B, T RAA K DBERR BE w6 /N T B R R
MR uT Bl e [0, ], HLED:

R, <u'R, (5)

X F b in gt LAt ZFR A0 B B, FE SR AE
RO S M A W IR A IR BRIA IR (5) BEM L
R, BHIET H 3 BRI F o 2 BRI R S WIRAR IR
] B8 B[R] N SE RGO B

ik, X—REFELRBESENNEETHARTHE

E&WE : HEK AR F B B (70401017) ,

YEEE A BBE(1978 - ) 40, WL EH A, AT, RT3 F 0 B IR (1974 - ) B WiTLiE B B B, W,

EEBFIT W W B R R



1528

it FAL R

529 %

8 B [5) #5 ( Flexible Work-hour Constrained Project Scheduling
Problem, FWCPSP) ®] DAH AR K -

min CT, (6)
s.t. ST, =CT,; Yj,h e P, (7)
Yo <R +Ri; Ykt (8)

jel;
Ri<u R, Vk (9

Hop, (7)) BRTEFZARRRTRRA(8) .(9) WER
T H MR TR
2 BEEA

TSRS R N T &R & DAL R, 2 1t
FA R #% RCPSP [ 45", B i A SC or W 0 0k R
FWCPSP [alf, T H i B WO vk 32 B 3% Tk B A iR AL
(schedule generation scheme, SGS) #:47:R %%, RliE I Z LY B
SRR BT e A R — A SE A AT AT R T B TR JR
RE RIS,

AR FAFEAT #E BE A R AL ( Parallel SGS, PSGS) M
TR B . SRR R & SR 1 I B T BRI R TE
—WE g, HmHR £ o, , HETE ERAES R SIEN C,, BT
AR B A ¢, MIEEERMES, EE#HTHESES L,
FFEFTA BIRTRLA o, IR EEH T LS AT ATIE S &6
D, AAE A R B RIOC R AT IR A AR v] LATERT 8] 5 ¢, JF

RIS ATk N D, FPIERES j AR
()" x jeD
Pi(g) = h;m(g)“xn’fh’ ‘ (10)

0, jeD,
Her, MEERERERE .7 WEARNMER o M B HiEHIB2E
FENENSE.

X F FWCPSP T & , WATE D, KB F IR B . —RE M
T p BN, SRR AR R SRR, H LT iTE T E
EMESBERZ N, FRDGEAFE XM REERI R
A1TR o

Wk B — WA ITES 4 D, TEBUES , FZHZ AT
SAeatE ¢, FIR AR H RS BIGE T TS E 4 D,,
FHMEBERMEZHAS , B AIPITESES D, AEZE,
WOHEIE A PSGS 9 N — N B, BRI ¢, FRIRERT = ME
SR C, J, D, t,.. REFTETEN B g HEARN &S MR
FREEHRTIE

WHARNEEZR (1) PHEERFEREERAE
BANSEEM, BEAEEFRNDEENE R P LA
HMEWE B, 40 TSP ¥ s BB, 7870 H 8 |5l
AR NRMERZEAER, IE LN REZET
(Late Finish, LF)RHE" .

Ny =}r'r;%xLFh—LFj+1 (11)

BERRUHAERIBTZELRENTEFER, AR
FIRME R R E R AT LA R 2% > A R O E Bkl 2
WO WE S, BN, fE R EMERE BB E
WHEN RN RE, B MERREFENWEH TR
R

ng+1>=<1—p>XTﬂg>+pxg% (12)

Hp HEERNER R, BOREITS IE BT R0 8 TR
/I, A DL BRI R 15 B R .

LIk NS 1 MEF B LR RBIE T MES, s R —
NEEBES T, T OB i 18] ¢, T2 B BERR 43
B % HE 55 HY T R 18] o R MG, B K R4S 2 — AN ml 17 Ry 5 B
BETHRANRWEHAEE A 5 RREM E REHITH R, AW
EH S B RN B B A e R

At , %t F FWCPSP /] LLBE 40 1 B SORF 3 1

input FWCPSP instance
initialize coefficients
set pheromone matrix 7; =0
fory =0 — max_pu
for every ant generation
for every ant colony
for every ant k&
for every stage g
calculate 2,
estimate D,
while D, is not empty
select j from D, according to Z(10)
set ST, = ¢,
update D,
end while
end for
end for
record current schedule S
if S is better than S *
update S *
end if
update pheromone r; by #(12)
end for
end for
end for

output S *

3 EH T

ARSCGRIRSCHR] 8 1 89— AR A LBl AT .
WHIA 9 MES 1B RS IS A EHES LIH
R R 1 B BTIR, 8 8 Al F L 40 /bR, 32008 B 8
AON EnE 1 fiR,

| BT o))
J
3 n 1 BREREIN
B
20
0 3 1 2 0
A C D E T —
0 30 20 30 0
2 3
F G
40 20
3
H

10

B I E S
FERE RPN BT , %5 — N # R RCPSP 5]
A HB LT B SRR 2 BOR, BrTE B TN 11
4N B feifrust, 4 F & 2 gt 10 /b, BB BE
M 0.25, BE MR E B EK N 0.05, FI Lk BHE
HEB R TEMBE RSN TS T0. 200, 00 H e f 8 THH
(F#:% 1568 T )



1568

it FAL R

oA, RIREARR I, A 5 X A) B B A R L kA
JLAP I R B B3I T A R A Bk, AR P R A
RIS B B ROREBE . 8 5 IX (6] [ 35 LR B R AR IR AR ok
v AE R AU DAL IR B A o R A R R AR T — 25387

EQIEEEJ\%O
10%
10° ~t VMIGA(30D)
@ 10 —— VMIGA(100D)
T 1 —e— GA(100D)
®
12 10"
i :
E 10° Ditmaira (- R R O I - [T I T s sppevene
HE! 1()40 "1-,‘9-“",.,m'”*'*u‘
107 IR
107
0 1 2 3 4 5 x10'
P REL
K2 VMIGA 1 GA 7E 30 4/ 100 4Ef% f; FrY LA
10°
la.
. 201
@ o + 9,‘vn..‘3,:]“?“:::‘:;#;0‘mo ooy
E 10°
i -+ VMIGA(30D) .
gl [ —— vMIGA(100D)
—e— GA(100D)
107
0 1 2 3 4 5 x10'
PR B

B3 VMIGA Fl GA 7£ 30 4EH) 100 4EdY £, i LLEe

%29 %
102 Ty
o L5 “;l‘if:j:'o""°"Homemo””°”“°‘"‘°~~o ““““
—_ 2 “"—,‘
@ 10
® 107
52
I 10°
@ & +
5 107 [ [+ VMIGA(30D)
# gl | e GAG30D)
.| | = vMIGA(100D)
107} | —— GA(100D)
—14
7% 1 2 3 4 5 x10*
TR REL
B4 VMIGA FI GA 7 30 4570 100 4k 5 it bbas
SE 0k

[1] JOHN H. Adaption in natural and artificial systems [ M]. Ann Ar-
bor, MI: The University of Michigan Press, 1975.

[2] PAUL S H. Evolution and optimization seeking [ M]. New York:
John Wiley & Sons, 1995.

[3] ZBIGNIEW M. Genetic algorithms + data structures = Evolution
programs [ M]. Berlin: Springer-Verlag, 1992.

[4] PANZHENG - JUN, KANG LI - SHAN, NIE SI - XIANG . Evolving
both the topology and weights of neural networks [ J]. Parallel Algo-
rithms and Applications, 1996, 9(3/4): 299 -307.

[5] HEINZ M, DIRK S V. Predictive models for the breeder genetic al-
gorithm [ J]. Evolutionary computation, 1993, 1(1):25 -49.

[6] hh, XU, MR BAER B b B 15 P 4548 R 2 Al (M 7 12
[J]. RETESHETHR, 2004,26(2):245 -247.

[71 WEIER, Bsrily, BREis. AR M. Jbal: HAE R MR,
1998.

[81 &, b, X005, 5. AHHAEERALRLI. TR,
2004,27(2):157 -167.

[9] FEJRE, g FETRGE A BRI H R R T
FE[I]. K BETR B2, 2007,25(5):122 - 126.

(45 1528 W)
BN 11 A, Bk A A MBE RS B B L. SmBEREC
0.25 I}, FriR s LR i 3 s , KO H B THI8 10 A, T
I B ANAESE 1 ~ 3 J SR 6 e 10 A~ LA, g
PRUETR H 3281 1 B 5E Ao

B, Xt F FWCPSP [RIBH T & , 76 fo i od 35 BE s 1% ol
e eI H 5 LS B e /ML TR A — A~ K 5
Bilo ASCBTE S IR BN S H A B TR AR IR A

1 2 3 4 5 6 7 8 9 10 11 time

2 i HEEETR

1 2 3 4 5 6 7 8 9
B3 VIO W

10 11 time

4 #iE

AR TER HLBREO, M T —RH I H
VAR RIRR, BNTES S8 M BE A5 00 5 dn - 21 98 BE A R G
B EAERMETHAE L., FEFITEE#FERRT

TR T SR AR — R R R R T B B R EE TR
B, ZRSCHYTE T LARE— 2R A, B0 18 25 SN BE 2%, AR
B BRI AL 3% WA 75 ZEAE S INEE SRR 1 58 T2 47K
7, R R SRR E B 1) o

SE Wk

[1] KOLISCH R, SPRECHER A, DREXL A. Characterization and gen-
eration of a general class of resource constrained project scheduling
problems [ J]. Management Science, 1995, 41(10): 1693 —1703.

[2] VALLS V, BALLESTIN F, QUINTANILLA S . Justification and
RCPSP: A technique that pays [ J]. European Journal of Operational
Research, 2005, 165(2): 375 —386.

[3] ALVAREZ-VALDES R, TAMARIT J M. Heuristic algorithm for a
resource-constrained project scheduling: A review and an empirical
analysis [ C]// Advances in Project Scheduling. Amsterdam:
Elsevier, 1989: 113 - 134.

[4] #I80R, T, 4pki.SAS000 53 H Ml it &3 AEFRER
ST AR R R R, 2005, 19(5): 115 -
120.

[51 oI, R, . SOl AL H kRO kA
[J. RE TR, 2004, 19(5): 496 —502.

[6] HARTMANN S, KOLISCH R. Experimental evaluation of state-of-
the-art heuristics for the resource-constrained project scheduling
problem [ J]. European Journal of Operational Research, 2000, 127
(2): 394 -407.

[7] MERKLE D, MIDDENDORF M, SCHMECK H. Ant colony optimi-
zation for resource-constrained project scheduling [ J]. IEEE Trans-
actions on Evolutionary Computation, 2002, 6(4): 333 —346.

[8] PATTERSON J H. A comparison of exact approaches for solving the
multiple constrained resource, project scheduling problem [ J].

Management Science, 1984, 30(7): 854 —867.



