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Branch & Price Algorithm for Resource-constrained Project Scheduling Problem

ZHANG Yu-zhe' ,DONG Xing-ye' and ZHOU Zheng*

1 Beijing Key Lab of Traffic Data Aanlysis and Mining, School of Computer and 1T, Beijing Jiaotong University,Beijing 100044 , China
2 Systems Engineering Research Institute, Beijing 100094 , China

Abstract Resource-constrained project scheduling problem(RCPSP) is the most representative scheduling problem, which is an
abstract representation of many practical scheduling problems. It belongs to the NP-hard problem and is difficult to obtain the
global optimal solution for large-scale problems. In this paper,an integer programming model is proposed. By decomposing the
model into a constrained master problem and some subproblems,a column generation method is designed for the solving of the
linear relaxation model,and then the integer solution of the problem is found through branch &. price. In the process of solving,
relaxation variables are introduced to solve the pseudo infeasibility of the model. Furthermore, pruning strategy,branch strategy,
and two methods for reducing the solution space according to different situations are designed. On the PSPLIB data set, for the
problems with 30 processes.the current optimal solutions can be obtained in 10 minutes for 301 out of 480 instances. For the
problems with 60 processes.the current optimal solutions can be obtained in 20 minutes for 269 out of 480 instances. For the
problem with 90 processes,the current optimal solutions can be obtained in 30 minutes for 263 out of 480 instances. At the same
time, by using the strategies of reducing the solution space,the number of timeout instances decreases significantly,and the per-
formance of the optimized initial solution is significantly improved. Experimental results show that the proposed algorithm is ef-
fective.

Keywords RCPSP, Integer programming, Column generation,Branch &. Price,Pseudo infeasibility
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2. WA AR A3 SCRE M R BT B S WIER A 04 58 T ] L nodes =
[root],best_ m=root;
3. while(true) {
4 c_node=nodes K BICE ;
5 if(c_node B R i)
6. M nodes # il % c_node, continue;
7 FRiIC c_node B i% Kt ;
8. EIF A AR IR IF 7 SR A% c_node;
9. ifCc_node W fif H At HARE/NF T {
10, ifCHR AR AR & A N ECE B

11. best_m=rc_node, T= i HF5{H ;

12, else!

13. R AL gk v /DN RS et 9 <0, 21ND)

14. 4 c_node & Ay B BMIAL int_m K

15. if int_m "] fif AR AR B AR E/AN T T {

16. T=fefft BARMH  He B 4. 5. 1 19 i/ 23 1)

17. }

19. }

20. F IR 4.2 WA 5 S R x5

21. ¥t c_node 43 T K x; =0 BYFER node_0 Flx; =1 B A node_
1

22, Xt node_1 #M8 4. 5. 2 % 4ii /M5 ] 5
23. ¥ node 0 F1 node_1 /il A% nodes BB#E;
24. } //end-else

25. ) end-if
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26. else //c_node T s BIREKT T
27. M nodes FH % c_node;

28. }//end-while

29. % best_m, T 5 X 57 (9 I8 BE 5 % .

X TR 2 it s B9 SR L AT 43 3 i BT JE et R TRD
BRI rh g 24 PR AR &, P AR sl AR & 8 AN U 2
0. B AR 16 4~ HUEIE 4 FT5), T=8. WA A
TR 7 i A DU ASE TR e e S AR B ARl 9X 7 =63 4>, ]
AR SCHRE R 3 S A B R AR, BR Al o 3R AR s B 24
A BRI T SR R s I P 0 B SR AR RIS [R]

Fa B 2 AR AR A AR U
Table 4 Variables in optimal solution of instance in Fig. 2

T TF 4wt 18], &5 Sk Bt B R FEA AR

Tog 0,0 = 1.0
o 0,1 Z 1.0
kP 1.2 & 0.0
T2 2.4 = 0.0
o 1.3 i 1.0
T3 4,6 i 0.0
Xy 3.5 * 1.0
B 6,9 2 0.0
x4 5.8 % 1.0
s 0,2 7 0.0
Ts59 1.3 & 0.0
s 2.4 % 0.0
x5, 3,5 % 1.0
ko 6.8 = 1.0
0 9,9 2 0.0
75 8.8 % 1.0

5 HEXW

5.1 Bk

Sy 7R R RN ) RO B B SRR RE 0L BE ML AR
BT R R RS B 5, Hop TR AN 40 N T 30,60,90,120,
FERA BB R PIEL 1,2,3,4, 3% 16 F 43 ) B , 45 Fh AL AR A=
AL 480 NG, M B 1000 N, BBIA B 00 Bl ¥
S, 7 AT B ] 0 B B DA L1, 1006 5% 55 5K & 7 BUMH
[0, 107 % A8 2 19 JBUME Y Rl 2 (20,300, 4 1 B AL 1
{8 es_threhold=0. 9, ZiWEHUE/N TZ B, WFELi+1.i+5]
RENLE B — A TP RN i WG F Bkl — AN P LF. 0
# es_threhold 24 0. Tes_threhold.,

Shy S IR 15 A B R SR A B T L R [ RS 481 A o KoK fige
[l 20 N(s) . BIETEA R ABIEIE A AR R4 Rk 5—
8 IFN K init_T RARVUG IR, best_ T Fm B LA F
) B U8 A% D8 AL 300 3R 8 09 A KR best _T /NT init_T 1y
O

F 5 FETIFHEN 30 M EIEHE L oK e 45

Table 5 Results on data set with 30 processes

R ECY S RS

K 2 a3 A W/ RPD/%
1 0 4 0. 90 3.11
2 0 8 0.69 2.78
3 2 11 2.12 3.10
A 2 20 4.34 2.35

6 TELITRBR 60 HBUEAE 115K fe 45

Table 6 Results on data set with 60 processes

1641 # 3R A

K 3 B AN 3 Py W /s RPD/%
1 7 18 1.54 1.38
2 13 34 9.15 1.07
3 16 43 12.37 1. 40
4 18 73 19.17 1.44

T OAETIF AR 90 BB 4 [ ok e 45 1

Table 7 Results on data set with 90 processes

RAfAT A PR AR

K 3 B AN 3 pes W /s RPD/%
1 9 41 8. 84 1.01
2 36 68 21.18 0. 96
3 51 91 36. 54 1.00
4 57 116 51.62 0.92

F 8 FETIF BN 120 (9B 4 1 0K i 45 51

Table 8 Results on data set with 120 processes

AT AR TR AR

K B 3 pes W /s RPD/%
1 20 69 24, 81 0.90
2 47 108 32.40 0.67
3 95 146 83.59 0.71
4 105 171 104. 88 0.70

S 163 i st BB i B T 14 oA A ) RX 0 46 e 4 O AL 7R

B RPD, H.th RPD={[Cinit_T—best_T)/init_T]X100%,

WSS S5 T LA L AR P SRR A BE NG R Y
B R K R R R 11 RTE 12 B,

120 | o N30 - NGO - e - N=80 —o— N<120

80

60

AR A

40

20

0

11 AN EC S T ORISR 2800 0 06 R
Fig. 11 Relationship between the number of timeouts and the

number of operations and resource types
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Fig. 12 Relationship of average solution time and the number of

operations and resource types
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Fig. 13 Influence of reducing solution space on the number of

timeouts
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Fig. 14 Influence of reducing solution space on the number of

improved initial solutions

5.3 EAFHIBEEEMYUNSAMRMESTLL

TE H K dE 22 PSPLIB (1 repsp BU4E 4D LR, %8
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BHARAE AR T 5.1 W AR BIRETE RN
W TSR A o P 8 T TR AN T B 9 SR AR I 224 i A AR A
6l FH AR SCBE  F0 XY T D O A R R LG a9 B A, Hh
optimal T FRFHIC MMM, TTLLER LA T)F 5
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Y SIS ORI X SR AR B ) 52 BB B X Rl 5.1 v
LS RAMFR . best_T=optimal_T 7581215 2 it
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Table 9  Solution effect on PSPLIB data set

IRFA#

30 60 90 120

# B AN 3 220 227 219 451

1 W A H 80 89 99 144
P K A e A /s 20.33 24.29 21.79  35.35
RPD/% 3.27 2.70 2.04 2.72
best_T=>optimal T 179 211 217 449
best_T=optimal _T 301 269 263 31
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