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Abstract: In this paper, a resource investment problem

is addressed based on employee-timetabling and
according to the employee timetabling in practical
production systems. A mathematical model aimed at
minimizing resource investment is proposed for this
problem. In order to solve this problem more efficiently,
the mathematical model of the original problem is
simplified according to the resource investment and the
properties of employee-timetabling constraints. The model
proposed is proved to have the same optimal solution as
the original mathematical model, and its great advantage

in solving speed is verified through the CPLEX software
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solution process. Meanwhile, for the large-scale problem,
as the constraints of employee-timetabling lead to
resource occupancy between shifts, it is difficult to obtain
a good solution by using the traditional activity list
encoding method. A genetic algorithm with a new coding
method is designed in this paper, which encodes the job
delay time to search the starting time of the job.
Moreover, two local optimization methods are proposed
which can optimize the delay time and the starting time of
jobs to improve the solution obtained by using the genetic
algorithm. A comparison of the numerical experiments
with CPLEX and the literature demonstrates the validity of
the algorithm.

Key words: resource investment; employee-timetabling;

delay time; genetic algorithm
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jobs 18 jobs .30 jobs .60 jobs .90 jobs, % 10 /Al i
FTEE LSS, 5 SR ot SR FHAE ML 27 Sl st 1a) 1447 G
5 1 35 1% 5005 (FTGA) " T He 8 o BU(E S 56 8
C#(Visual Studio 2017) 1% 5 #4528, 3L
-5 4 Intel Core i5 4th AbFEE% , 2. 40 GHz 243, 4G
WAE g5 R nF A4 2R TR. Ho, Ay A Achr
WoRIZ A B HIE DTGA . FTGA Fl CPLEX F fif 3k
1572 B bR R EUE, T T T 3 90 8- 2 2 Fst

5 CPLEX 15 3| s L AA 1. 6 Y6 , % P Ba 2% 1Y) g
ZHIRB] T 10% , >R ff it [a] b A SCag: 5 %) e
AR — AR BN, /N T CPLEX 2R fift if
B o PHIE, A5 DU 4598 « 78 /NS G B 5] v, AR S
JITH A a8 A R A — R TR 22 Y TR N B R A 1 4%
UFHSE R

x5 14jobs TWLER
Tab.5 Scheduling result of 14 jobs

], Gy GBI DTGA FTGA TR BARREE S B8 Ac Tos A, To/s G/% Ax Tuls GJ/%
CPLEX A it (0 2206 . G S DTGA FIETGA = Ji 1 160 0.682 160 0.555 0.00 160.5 0.141 0.31
. ‘ o N 2 149 0.288 149 0.713 0.00 154.4 0.191 3.62
22 ALRIE RN 50, 2 R4 0. 8, 3 151 3.825 152.1 1.519 0.72 154.6 0.617 2.38
ARSI 0. 3, 4 215 1.286 215.2 0.459 0.09 222.0 0.09% 3.25
5 118 2.342 118.8 2.000 0.68 124.6 0.710 0.60
%4 10 jobs LIEEER 6 165 0.856 165.0 0.510 0.00 173.7 0.115 4.66
Tab.4 Scheduling result of 10 jobs 7 123 0.487 123.0 0.525 0.00 127.4 0.142 3.57
OB A To/s Ay To/s G/% Ap Te/s G)/% 8 177 2.598 177.5 0.734 0.28 179.6 0.176 1.46
1 122 0.256 123 0.552 0.82 125.0 0.186 2.46 9 175 1.123 175.1 0.596 0.06 176.8 0.159 0.10
2 104 0.595 104 0.779 0.00 105.2 0.284 1.15 10 182 0.836 182.0 0.524 0.00 183.2 0.109 0.06
3 143 0.681 143 0.492 0.00 143.0 0.181 0.00 Famm 0.18 2.00
4 118 0.312 118 0.283 0.00 118.8 0.104 0.68
5 166 0.601 166 0.806 0.00 173.1 0.284 4.28 %6 18jobsLIEZER
6 131 0.729 131 0.799 0.00 131.0 0.257 0.00 Tab.6 Scheduling result of 18 jobs
7 109 0.424 109 0.501 0.00 111.0 0.120 1.83
8 158 0.614 158 0.658 0.00 158.0 0.210 0.00 EEE Ae Tos Ay Tofs GJ% A. Tels GJY%
9 154 0.98 154 0.8%4 0.00 164.2 0.320 6.62
10 106 0.492 106 0.469 0.06 111.3 0.125 5.00 1 192 27.766 192.9 1.512 0.47 216 0.380 12.50
THE 0.09 2.20 2 149 91.628 151.4 2.041 1.61 171.7 0.637 15.23
3 178 5.022 182.0 3.749 2.24 192.0 1.351 7.86
FAFEFO AR T /LB L5 B 5 A 4 162 4.412 171.2 1.313 5.67 185.5 0.384 14.50
J319 10 jobs .14 jobs . 18 jobs , 414 £ 10 14431, 5 iss jggi i55.<1) 0.882 o.ZZ i78.6 ?. 141L9 9.25
b . o , , 6 127 4.564 130.1 2.587 2.44 136.9 1.215 7.79
I AT E - 24 B 10 jobs I 14 jobs B 7 186 4.238 187.7 0.694 0.91 204.1 0.138 9.73
ARSI B SR AS B B R FE AR 25 T CPLEX 8 183 46.302 187.1 1.390 2.24 202.3 0.462 10.54
PR e L TV B 1 25 5 5 A ) 9 126 41.528 136.3 2.512 0.81 142.2 0.948 12.85
B2 SRR ] 1 3/ v Tt % yzﬁ 141 57.170 143.4 2.328 ?ég 145.3 0.773 1(3)‘(;2
JEEE . YRV N 18 jobs I, A SCRF I B %
KT HHE KIIERGILIGER
Tab.7 Scheduling result of middle and large scale
. 30 jobs 60 jobs 90 jobs
g — A J A G/% A, A ] Ac G/% Ay A ] A G/%
1 240.3 2526 230 512 278.4 293.5 UB=311 542 335.5 3544 UB=395  5.63
2 249.7  265.7 238 6.41 341.5 360.1 UB=374 545 258.1 279.7 UB=331  8.37
3 2214 241.0 215 8.85 320.0 347.8 UB=369 8.69 357.1 382.1 UB=423  7.00
4 2658 269.6 UB=276  1.43 258.9 284.2 UB=307 9.77 315.8 338.7 UB=377  7.25
5 2331 2511 230 7.72 273.3  292.4 UB=315 6.99 265.2 287.5 UB=323  8.41
6 2244  244.5 211 8.96 345.5 368.0 UB=392 6.51 358.5 386.2 UB=421  7.72
7 156.3  183.8 142 17.59  325.3  347.8 UB=376 6.92 307.9 329.5 UB=366  7.02
8  190.6 201.6 183 577  296.7 3159 UB=334 6.47 331.5 355.1 UB=304  7.12
9 2631 285.2 291 8.40  265.8 290.9 UB=323 9.44 283.2 315.8 UB=363 11.51
10 2323  251.7 219 835 263.2 278.9 UB=301 596 290.4 311.8 UB=352  7.37
Ean 7.86 7.16 74
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A R IR UEL, YA R 10N 31 . 38
T AT A& B, B4 AR B N, PR SR A (E
WA, OF HAEAR R RS AQRECT , A SOy 33
DTGA#BEBAL T3 L FTGA,

27578 T 30 jobs .60 jobs .90 jobs 3 A it T
A5 CPLEX B b 3wk 22 1] i %t L o
PR L A I & S EOH R] 25RO 200,
FRA B RE 10261, O T S0 B 25 S i B R,
ASZEBR AR 10 WO IIME . X RHR 7 KA
H), T CPLEX T RASAE i , It 5 CPLEX
1E7 200 s NETR LR UBEATSF L. F 7 P A5k
PE T LA FEAEL £ H R 30 jobs 15 3L T, CPLEX
RE SR AR 20 B8] ARG W it , AR SO SR B R 2
W RH 22 10 43 HE A 2 Jg 4. 75 %, T x e 2A e SRS
fift Z [ RH 22 1 43 LU 2402 12, 15% . 50T Lk
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