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Dynamic resource priority-based heuristics for multi-skill resource
constrained project scheduling problem

HU Zhen-tao*, CUI Nan-fang't, ZHANG Yan', HU Xue-jun®

(1. School of Management, Huazhong University of Science and Technology, Wuhan 430074, China; 2. Business
School, Hunan University, Changsha 410082, China)

Abstract: The resources in the multi-skilled project scheduling problem(MSPSP) are assumed to be multi-skilled.
Compared with the single-skilled project scheduling problem, the resource allocation has more influence on the makespan
in the MSPSP. Therefore, more attention should be paid to resource allocation when scheduling a multi-skilled project.
In this paper, we propose a heuristic algorithm to solve the MSPSP from the perspective of resource allocation. The
algorithm uses a maximum matching method of bipartite graphs to select schedulable activities and develops a dynamic
resource priority to allocate resources based on the parallel scheduling scheme. The core idea of the algorithm is to retain
resources which are more flexible or more important to the subsequent activities for the next decision time. In order to
verify the effectiveness of the proposed heuristics, a series of computational tests are conducted. The results show that
the proposed algorithm has a significant advantage over the algorithms based on random or static resource priority.
Keywords: project scheduling; multi-skill resource; parallel scheduling scheme; bipartite graph; resource priority;
heuristic algorithm
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KUCFECEAT ST H T AT 1.

3) if NEMM< ) TF; then
leF
Feasibility = 0

4) endif
5)end for
6) if Feasibility = 0 then

BN, I H ANET AT
7)else
8) while V¥ # @ do

R* « ROYURs, PATHIE LBV BHH

wh, WL 0-1H R K B Y573 T AR 43 e B2 Y.
9) fori € V? do
S;—t

step L WIIEAL S TS 4t = 0, Ve = o, V© =
@, VP =2, V¥ =V, ] B ER LRSI A i H
JE 15 ATAT, A TUH v AT, AR N step 2; A3 ), 2% 1R BR0%.

step 2: £ 2% ¢ I 2 VP rh s 2 1 58 Bt O, # 25
S S M VP R NV e, FFAG IR 5 B 7 FH I 5%
PSRBT B RS K FEhn N B m] H B2 AR R, Ve o
WA B RS S CAE Ve &SN M2 NV B
AVPCHN VY = @, VPe = {n}, V¢ = V\{n},
% N step 9; 73 W % X step 3.

step 3: HR4 R, I FH — 43 Bl dpe R UL e vz 4]y VPe
HOE B RE S [F I R 4R, AT LV = VPO VP =
VP O\ V2 e N step 55 45 15, W% A step 4.

step 4: Xf VP ot {47 ¥ 31, # BEOE B HE P AL 56
FLIU (LST+LFT+Random) HEAT HE T, K A8 Se BUR AR 1)
—MES VPR VT G\ step 3.

step 5: 58T R v TG BEUR (04 BEIRAL EE wil, 7 N
step 6.

step 6: 1R V,* HIE B0 B2 B8 1 75 SR A4 1 Al H
BEUR, PR B RIS SR A B2 UR-17 R 43 ic 77 %€ ARF, 1
JE IR IAT HIEL R, e A step 7.

step 7: #2485 % 3l B% U 43 BT 1 A0 26 B ) (SPT+
Random), ¥ % JFE — 43 BL g Ve i &3& 30, 305 Ve i
BN AR T8 S; = ¢, %% A step 8.

step 8: THHE VP T IS B S5 W [A] FT, =
S +d;, ffit = min FT,, # % step 2.

step 9: W LS5 0R, S, = ¢ BIAZ I FE T RIBI T H
TS ={S1,...,S,..., Sn} RIONTUH A EE TR

step 7 F) FAR A B Oy: Ve v T 6 Jd )3 ) o
BEBLE — A5 B 0, AR 0k L /R R — DM ECRE Fy, AN BT
JE-HCRE A 23 BC 7 S b, A BUAT B e F A B ey
MRk k= {klw = max W}, 4 % T

RF(m,F;)=1,meRe

— UM R B AL A, R 2 BARCRE F BB Ay
Bega i a0, Bl ey = 1 3P HAE H RO G AT %
AR, B R IE S TR B R SRS LA 2, S Bh
PN VE RN VP kST — A LI S S 3, 5 A
HERERV: = 0.
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56, F % FE 7 ] Matlab R2014b #HT 4% 5, AT 6 N
Windows 104 1F 2 %5, &b FE 28 A4 Intel(R) Core(TM)i3-
6100 3.70 GHz, N 7 4.00 G.
31 Efl&E

KL SRR (21142 H 1) 2 3268 E 6 52 FR 1 H
SEAG) AR BT VE, B AR ) A B AL 44 1 AR 130,
J60. J90. J120, fir 44 [ 7RO 1% T 5 N A
T ) 265 BT A 5 (93 B0 40, 3 3 P 7 SR K B U e A
BERI R RE RIS A 4 Fh, IRHE A E. B3NS
1) M2 5 24 4 NC(network complexity), {838 T H
W26 [ B2 4 F2 B, LATS B P2 5 TP 4k oR, NC
€ {1.5, 1.8, 2.1};2) 7% 3K [X| & RF(requirement factor),
RERIE BT Frig (LR A (0 75 KR EE, LA 3 P 75 oK
FEREFh 2 S TR RR AR AL R B RE Rl R LA R0,
WMRF = 0.5% /R0 H PGS AT PR 4 x

0.5=2Fh#fE, RF € {0.25, 0.5, 0.75, 1}; 3) BLAEK T
SL(skill level), f&3 BRI 2 B RE R A, LB IR 2 & 10
5B RE S TR B B AL R e PP B LU R,
WMSL = 0.6, Z/IH P REFHHEA4 x 0.6 =
2.4FhH56E,SL € {0.4, 0.6, 0.8}. AN HH L %
B 10561, BT AN E ] PR3 x4x3x 10 =
360N, 3 1440 4N FA).
3.2 SRS
321 BAEERSHT

K B AAE S R B AT 208, I 5 PR
AL 4 TIE 4095 DA R SR [19] H 110 0 7S 5 A L 0k
X Eb, A B0 R aRae g B R 2 P s B TR A
B P9 360 /N LA T 38 T, Bt A 1 2
3 b BV A PR ) B /M, SR PR AR A B LU AR i
SRAF AT AR BULE 360 4N 3451 o BT 5 1) EL 461

*2 ETENBENEERLERILL

P B T IR HE L/ %
130 160 790 7120 130 160 790 7120
BEAL 89.1 136.2 149.6 154.8 272 18.3 19.2 222
s 66.0 89.3 100.9 106.5 66.3 62.2 58.6 62.5
& 65.1 88.6 100.3 105.7 85.3 84.4 85.8 87.2

MERTE, BT SRR (1 8 ke URE BB 4R R
TIUH THA, SRAF B AR I LAz vy T B AL 53 BC 7
3, HOX PO A B8R A 52 375 20 B 1) 5 1 %of L 7 ol
Ja e BT 0 AT RS TR R, B A
PR FEARAS T HE A R I H A, HR AR R
FasE, R, SRS AR I LR B v, X — S5 A
20 H BB 520
322 HEEAFDEFE PRI

SEEAEAS [FI R T H A5 b R SR AR 2%
5N T R A SCEIEEAR RS H ) H H5) 2R
I, %k CA b A5 B2 3R AT A ) 1) S 6 0 B, I B AR
NC.SL.RF 7} Al Gt 5 5e 45 1.

1 P8 5 ] LA W, TG iR 7E (] Fhl B B 85 rp, 2 T
A FIRBCE 13 R N EVEAL T HAR P Fp %, R
3R, ARE T BE ML 2 T, PR R S A s B RE S 46 R
SEYIE TH120 % 72 45, IR 5 m RS S AR 1 LR
40 % LA _F. NC ARk I AN 520 3 5025 R A o) 465 2R,
T SL AR, HH B 5 A1 3 0] LA HY, B 5 SL A4 i,
BEATL 5% 5 7 B ARV 1k REAT 3, 5 LAt 9 b B9 1 22 B
W B 45 /). 1K 2 TR Re KT 3 2 5 88T R
] “ATRER” IR, RIFTA SHIRE A B2
R, E IR 1) 1) Th A 22 AR /0N, R IR (B T AR AR, A
T3 B0 T DU R 1 v o il T BEATL AR, B AL
SRR S R R 0 22 BE AR AR ).
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#*3 ETNC.SLRRFHEZLERITLL
SEEE B T TR E o5 /%
N s EhAs Bt s s
1.5 132.3 87.7 86.9 19.3 57.1 83.3
NC 1.8 131.6 90.9 90.4 22.7 65.0 84.4
2.1 133.7 93.4 92.6 23.1 62.9 87.7
0.4 171.5 92.5 91.7 13.8 529 76.1
SL 0.6 166.6 119.5 118.6 21.3 65.8 88.5
0.8 134.5 119.9 119.1 30.2 68.5 92.5
0.25 80.1 77.1 77.1 73.1 95.8 95.8
0.5 105.4 77.7 77.6 11.7 73.6 76.7
RF 0.75 146.7 92.3 91.2 2.8 422 76.7
1 197.6 115.5 114.2 3.6 38.1 939
ERIP, H{RF > 0.25, 810 H G315 55 K computation[J]. European Journal of Operational

BRI — AT, B AL ¥ VB4 L S R e A VAL T 4
VR AR o5 LU LB SR R, T B2 W A B 1
1 1H A (R0 78 1 P i, X R ZE 0 H o, 2435 31
T SR RN, Bl 45 W R T v L R X
R T 7R B RX — 2R A R, 2435 B U
R T AL 2, 35 0 T 5 B R 4 I R
(I, 312 VR VB 4 A 1 T R AR R Y
I 50 0 R X 492 1 O S, 5 45 T
VERITC, AT 3575 30 5B P o ).
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R4 2B B VR BRI A 4, A S T
TS Y UERLER () 7 3, S0 e SR FH O 4T 1R
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B AT Y V- B B 1 43 T, i R A 6 R S B 55
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53 AR (K S0, 453 1 DL R S i

1) 7 0V AR 0 55 R TR AR T L0 %
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2) 9 SV SR AR 7 T R R T L
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