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A novel discrete state transition algorithm for staff assignment problem

DONG Tian-xue, YANG Chun-hua, ZHOU Xiao—junT, GUI Wei-hua

(School of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: The staff assignment problem is a kind of integer programming problem in operations research. In order to
find the optimal staff assignment scheme with minimal total cost, this paper proposes a novel discrete state transition algo-
rithm and puts forward the concept of second transition on the basis of first transition, which is helpful to expand the range
of candidate solutions and improve the diversity of the candidates. To overcome the shortcomings of slow convergence of
the algorithm at a later stage, stagnation backtracking strategy is proposed; that is to say, when the algorithm is stagnated
into local minima, the backtracking operation is performed, and the current optimal solution is randomly selected from
previously stagnant solutions. Finally, the experiments are verified and compared with the simulated annealing algorithm
to prove the validity of these two strategies. Simulation results have showed the effectiveness of the improved method .
Meanwhile, the method can improve the success rate and stability for this problem.
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(Principles and computational procedures of
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ZE LTI, 2R AN AL P A0 R A
AFAi AL S A R s A 208 280 73 A BB S k. 2
B3P 7R, % B 2 7R 112 —An = 31 0] 8 11 3K il
o AR, Hm = 3. 30, 3 {1,3,2} R {2,3,1}. i {3,
2,1 P AR {3,1,2 1 2 B8 K Tflag, W) FidaA
fil SRR 2 A A h e, LA T — AN SR A i R R
STt Ja AN AR I T S KU 3+ ag, M i e
— AR BN, TR S LI I
T BENLEFR{1,3,2), {2,3,1}F1{3,2, 1} {1 — 4
YRR TR, EN T — YA

E | | | |

= | flag | I [ I

' | | |

& | | |
o (13,2

= (132) g : :

| |

a1 | flag |
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G2 | Ilag |

1

(3.12)
HEAR K

3 ferr ks

Fig. 3 Illustration of stagnation solution

3.5 BHREHRBE LN THE P B (Computation
steps of discrete state transition algorithm)

BYRCIRAS AL 002 - Byl in A o i 7 2E
A5 16 AR RN WA i 39 7 LB, S8 T 582,27 v Al
(R 20 AR RE BN, 1250057 AL K T AT e ade 4k ]
1T BHURSHR LT FOD IR T .

1) Vs o BEHLA R Z A w123 - -
n) VIRMGEIERR. o (123 - n) TINER T SRR AE
B

2) PR P RSB MS
AR Mot i T AR 1 3MA R LT, Pt
DA BE T ACH AR T 1) —UCIRASH R L BT E)
AL ) YIRS ML T X PR AR AT 11 —

3) el ik figt: ey 2 ik i s, R 5t
e P N e o Ve = e W = R N G ERANEf
Rzt

28R 3 Tk, AT55 48R i () — AN HE A A
X N A ANl — TG R AR I 7 [ B AR, DRI, —
ANFEEZ [r) B HE A 0] A W RN ER R AR M

AP IR B R A e B B2 m] LAAT R Ak 3
Ir) AR, A T AL FRR R ) IR 2 R AR B

X ARMY O3 THEUR 7] T H ) B RS e %
R R Fs:

Hik BEHRESHER AL

Best: FHHLAE ATTAR AR

fBest «+ fitness(Best, funfcn): 115 H 5 B& H0&E
NAE

k + 0: kAR

flag < 0

Repeat: k22T

[Best, fBest, flag] — swap(funfcn, Best,

fBest, SE, flag)

[Best, fBest, flag] — shift(funfcn, Best,

fBest, SE, flag)

[Best, fBest, flag] — symmetry(funfcn, Best,

fBest, SE, flag)

[Best, fBest, flag] — update(funfcn, hisBest,

Best, fBest,
SE, flag)
k—k+1

HENE R GEAIREL

Matrix X < RSP0 ) 1) £ 78 A 0 AH N Y
FFETEA

15 LR DA o, B RCIRAS R Sk TP AR G 1)
R/NRIAR R T FE, AR T B TR R S
HERRI R, 23 5 Wi SR AR IR TR), LEAH ] AT,
P2 7 BEBROK, SR AR IS [a) A, AR Serp 4 R ) B
SE = 200U 245, 1A, 78 B HeRAH A Sk
0 2O B A 2R 0 R b S 30 2 e A
Best, JF7E A HT AR I SEA FREAT AT # ~PREAINS
FRAZ 4, TR >4 7 Spe DU 2 SR FH S 2R U U, 3 £
UE T A U2 D AR R B B LA
4 SZI 75 B 5 58 (Experimental results and

discussion)

h 7853 MIRAS ST 3 9 BCIRA e A% S i 1 e
HUE 5L, GIANFE T AR R T, F, CHERL
FR) 53 TARIR I ;AR SR ) S M e
4.1 MWA1(Test 1)

FEAZHB 3 MR, 30 LASHEFN 104E R FR IR i) it
o, i — VIR FH RS A — UOIRES H R ORI A
[A]. FR2HN A5 T SYE In) BURT104E ) 83 53 T FRYR In) AAS
R PREAN 5 IR, BVRBOERET; A i U,
RV AR ECH I F IR e A, BN RBOEREC. ik
3 FRECFE R 1 0 BEALAE B Bl Jerbe g Mle 1
AE A 1~ 100IBEHLEERL, fri O~ TIIBEHL/ N
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Table 2 Two simulation examples of staff assignment problem

Gy EER Zz

T =[0,91,47,13,46; 38,0,13,1,5; 44,88,0,39,70; 11,58,89,0,79; 36,28,86,17,0];

F = [0,0.8416,0.0448, 0.4068, 0.4039; 0.7794,0,0.3054,0.9248,0.5331; 0.2204, 0.7745,
0,0.9617,0.6658; 0.9215,0.3221,0.2478, 0,0.9853; 0.5734,0.9833,0.2685, 0.3772, 0] ;

C =[90,7,93,51,17; 21,9,2,51,17; 21,9,2,49,41; 25,2,26,79, 71; 4,41, 26, 30, 70;
98,97, 55, 60, 21];

k1 5

573.830

T = [0,41,10, 64,47, 48,20, 64, 77; 48,0, 27,96, 85, 43, 16,29, 95, 36; 70,72,0, 25, 35,
47,35,10,22,67; 70,97,29,0, 78,77, 61,58, 71,42; 64,54, 45,30,0,33,20, 69, 24, 84;
4,33,53,68,2,0,74,55,13,83; 8,11,46,70,61,48,0,43, 61, 26; 33,61,88,8,39,5,
92,0,46,62; 54,78, 52,26,92, 18,28,65,0,59; 66,43,94,23,1,72,77, 68,67, 0];

F =1[0,0.45,0.11,0.43,0.85,0.42,0.78,0.23, 0.55, 0.93; 0.79,0,0.96,0.91, 0.62, 0.05, 0.39,
0.35,0.30,0.78; 0.31,0.23,0,0.18,0.35,0.90, 0.24, 0.82, 0.74, 0.49; 0.53,0.91,0.77,0,

k2 10
0.83,0.87,0.14,0.12,0.08,0,0.13,0.17,0.18, 0.31; 0.26,0.54,0.08,0.87,0.24,0.34, 0,

0.65,0.37,0.51; 0.65,1.00,0.40,0.58,0.90, 0.96, 0, 0.63, 0.51; 0.69,0.08,0.26,0.55,0.18,

0.37,0.58,0.65,0,0.82; 0.75,0.44,0.80,0.14,0.24,0.11,0.06, 0.45, 0.08, 0];

C = [5,97,83,3,6,67,88,20,62,82; 8, 65,81,98,74, 54, 67,43, 27, 27; 53,80,7, 18, 28,
70,20, 49, 83, 60; 11,46,41, 12,43, 67,38, 13,98, 3; 82,44, 53,38, 55, 19, 47, 59, 73, 43;
82,83,42, 21,65, 26,94, 14,98, 23, 35, 32; 73,9, 66,49, 42,100, 16, 39,59, 17; 16, 14, 63,
35,98, 18,86, 59, 12, 19; 66, 18, 30,95, 31, 4,91, 43; 52,40, 44, 92,70, 57, 38, 30, 88, 10).

0.51,0.94,0.40,0.02,0.19, 0.44; 0.17,0.15,0.82,0.15,0,0.49, 0.10, 0.04, 0.69, 0.45; 0.60,

2047.06

FIFHMES 15, AT LASRAS 3k 5 4 1n) 280 1) et A
“h1573.8300, X I [ Ee AL f# M (2, 3, 4, 1, 515 104 i)
TR fe A A2047.0600, K I 18] e A g A4, 8, 6,
3,1,9,7,2,5, 10].

Zil oy EELENA— VRS RS
43 AE Tk, K2 i) IR, 2 i e is 47
20K, W3R, WNERUAHE = i TMEEZ )T
[0 BV EIEAT VAL, S nl AT 202 Fa A LAl 20
YOBAT R, SRAF ATAT MR I B RS AT IR LR,

HB RS IAA ST SR AL B 53 T 5% 1) 2y R et
(AT 250, A SCAE B2 27 4 T BldEx 51 TR IR
I 50 PR TR 2 R A BE SRS, B N AR KR, e

AR B3 CARIR ) AR i T T2 A4 )
AL, I T AfE PR AR S R P A2 S P T S8 A 3 ff 1S
SERATAR, BT A sl v R i (R A A e R 4
PR FR SRS 1 T4 TR 43 100%, i A 2 AN AT 4T
RIS OL. 346, Ih A IBAT200KIE1T ), FfF
AR BB TR B EL R

K3 —RREHEB L ZRREHEB AR

Table 3 Effect analysis of first transition and second transition

I AR ik R UFE SEME BEM O WATRI % IR %
5 —UCIRSHR 573.8300 610.5835  825.7800 100 75
TUCIRAHR 573.8300 0 573.8300 573.8300 100 100
10 —UCREHER 2047.0600  2209.7000  2144.3000 100 50
TUCIRESERE 2047.0600  2080.4000  2101.3000 100 75
H 3 AT 4N, R — OISR —UCIREHER (A8)FN:
HEEAT B 1 R, # e 2 CLANSHERT10 4 5 . 001 0 0 0
In) PP 4 SR B L. BRI 2 A, T Xy T 54k In) @tk 5 . 01000
SE104E ), R —UCRS H R G0 13 E AN T al ool olo 00 10 (18)
T — VR AR SKH P18, BT U 25 11 X ;’4 L0 0 0 0
AT ) 4l
" Pt e 5 T55 _00001_

ARG 265 3.5 715 PITIdR, 2 In) AL (1 e s A e X
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I T3 b (K Bl AR T AEA I Sk 5520
ORI RE R, 15 2 SR E LR 1 LE R, Mo m] Jisk
fipp o v o e e DI A PR R B HR B 3T, e
FESHE ] LA & 104 ) 7351, A H]— DR F R Kk
) L PR 3 8 7N R IR AL SR A 1) AL )
JRIR. W 22, R ORGSR S 3R 42
SRt AR IR E 2 TR UCIRAS e SR A5 4 Rl fie
PR RICE, IR MR T RS 4 iR
RETE T UCIRASHAS.

BEAN, 4SS T DRSS HER AN —UCIRES ety
IBAT20UIAT G R AR . AR 4 nT 5, — IR

BEB PR RSB I EEIRZ. |
AT, ORISR T—OIRE .
4.2 PR2(Test 2)

FEAZI MR, A TH LS ZERT 104 (145 IR ] @
Sh A8, W e R S s P ) 250, L AR 45 i
(] 90 S5 s M1 IG 445 i [ g 54 s (%) SIE 36 285 L, 43l is
20 W P43 S50 45 R S il 2R T 3R4. k4
AL, IR A5 (R SR PR SRV EAE 200 H B RRIR
R B AN AAR, 7853 W7 455 (R0 S s A 29
HCT TR TR AR ) 4 R A RE RN S

F 4 TAFA AR BHOREGEAS Foik B A A0 © R0 B BCR SRS A ROR AT

Table 4 Effect analysis of discrete transition algorithm with the stagnation backtracking strategy

I A ik BRI

SFEIE

w2 WAITR % IR %

P RERGHEIN I BHS
A IRl A

573.8300
573.8300

5

573.8300
573.8300

573.8300 100 100
573.8300 100 100

Je sl e
AT ) SR

10

2047.0600  2080.4000
2047.0600  2047.0600  2047.0600 100 100

2144.3000 100 75

2140+ B

2120

2100+

2080

2060 -

—

2040

2020

LRARE YR Fe S

Bl 4 —JOIREHAE 5 VIR 1020 17 4 R LA A
Fig. 4 Comparison between first transition and second

transition in 10-dimension problem

4.3  JiR3(Test 3)

FEZER A R, BL10, 15, 20, 30, 401504 f
FRUR I RUA ), AR T A SCHE H I S RS B 5
EPERE, AN LGS B HCR AR H 5 RR K
Bt g 1 S SOk (23R 2 d) iz
R FH B2 A 480 3 R £, F2 B LT AU KB
15 R FH R SR A AR SC T 1) 53 T FR IR In) A8 K 59
Sy AL IZAT200K, NS ZE E TR, Fe2 il &
SRRSOt £, T LG SRS B A
EAECSUE RN 4 R &R e ) XL

FH S n] 40, R ASCHE H I B RS B A
SR IR AAS in) R, ISR AT 1) B AR AL T A
BEFUR K B RAT I 45 R, ARIIL T A tH M %
A ZNE. BRIt Ah, B BOIRAS R Bk K i A
v L AIT 7 ] ) 440 /D AU K SR T i ) T, 2R

T EA TSR P, [FINE, SR CPLEXHEAT SR iR
102k ) U, 45 20 e AR S S Bk S B HL
(P fEAR R, UF B T RS BOR S H A LR Re ). 76
SK AR % J 1, CPLEX (K32 4TI 8] h775.23 s, i)
BHURSEBEIEA T 11,74 s, BilF 7 A SO
BRI YE . BT CPLEX ST ] pa A A
BRI ARG, FESRAR 154 S DAL ) @t i) 75
FES R I R (AR AN 225, IB4T N TR F-84
ANEF), PRIPEAR SC X 1048 o) LA TR RA SR A LEA7R,
2 ISR LR, IR A D R IR ) R St R ) —
YR R R, i T2 2N 0, S R e i
SEAAK ), AR SR A IL R I, WA SCRVE R
gl SRR K EVE LR P A H.

3800
N { BB K ST i
3700 - RSB EE

= 3650 |

= 3600 E

& 3550 .

= 3500 f 1
3450 th_. .
3400 -

3350 1 1 1 1 | I— e __TT_ [ -+ Y -
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AR YA
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Fig. 5 Effect comparison between discrete state transition
algorithm and simulated annealing in 30-dimension

problem
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4?00 T L T T T T T T L ?2{]0 L L] T 1 T T T T T
4600 HELLE K 5% . 7100 LR K STk 1
- BHCIR AR ST H - BHCIRA R ST
4500 B 7000 | B
= g
ij 4400 1 ij 6900 4‘ b
é 4300 E é 6800 -
ol \ ol 1
4200 1 6700 |- 1
4100 Bl L LU S < 6600 -
4000 | 1 1 1 1 1 1 1 1 (’snn | 1 ."r- r T T T 1 T
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AR AR
Bl 6 40 il il 25 HICIR A FE 1S S0 B BHUIR K 5% Pl 7 SO%E el 28 IR A F RS S0 S BHUIR K 5%
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Fig. 6 Effect comparison between discrete state transition Fig. 7 Effect comparison between discrete state transition
algorithm and simulated annealing in 40-dimension algorithm and simulated annealing in 50-dimension
problem problem
A5 BRCREHA ik MR K F R R R ST
Table 5 Effect analysis of discrete transition algorithm and simulated annealing
WY T ik I A RZEH TATE % IBATIE s
DSTA  2047.0600 2047.0600  2047.0600 100 11.74
10 SA 2066.1000  2071.7000  2081.3000 100 18.67
CPLEX 2047.0600 2047.0600  2047.0600 100 775.23
DSTA  2531.5000 2531.5000  2531.500 100 12.23
15 SA 2559.3000  2687.3000  2599.5000 100 19.88
CPLEX — — — — >28800
DSTA  1929.5000 1941.3000  1951.8000 100 13.34
20 SA 1946.4000 1947.8000  1956.2000 100 21.58
CPLEX — — — — —
DSTA  3354.8000 3365.7000 33978.7000 100 15.06
30 SA 3369.0000 3373.8000  3396.1000 100 26.82
CPLEX — — — — —
DSTA  4070.0000 4095.0000  4120.6000 100 17.47
40 SA 4076.4000  4096.8000  4130.6000 100 33.62
CPLEX — — — — —
DSTA  6509.2000 6551.3000  6576.3000 100 19.04
50 SA 6557.8000  6558.2000  6600.8000 100 41.89
CPLEX — — — — —
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