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A novel discrete state transition algorithm for staff assignment problem

DONG Tian-xue, YANG Chun-hua, ZHOU Xiao-junf, 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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i #8, Bm = 3. 2 d, ##{1,3.2}. #8{2,3,1}. f# {3,
2,1} AR {3,1,2} T E F IREEY K T flag, W) _Eid4A
FRIIFR 2 N IE U fE, AR T —A 1 5 i £E.
BT &G — MERRNER R 3 ag, WG
—MERRREBNE, A TERESRLNEN,
FREHLIERR{L, 3,2}, {2,3, 1}F1{3, 2, 1} I — 4
YE R AT EANR, N T — ISR .

o | [ | [
# | flag | I I |
B I [
z | [ |
m|(1,3.2 flag | | |
e | ]
| |
@31 |flag, |
) l
G2y | ofag
N
3,1,2)
AR

K 3 R EE

Fig. 3 Tlustration of stagnation solution

35 BEBRESHEBFE LM P B (Computation
steps of discrete state transition algorithm)

BHCRSHEB S FE BRI s . 7=t
G RR A FW AR B3 E 0 AR, T 2.2 4
ML R AL BE SR, R AL BT IR IE 3 D9 AT
ITHE. BECREEBEERTH S BRA R FTR:

1) VIR IRE M BN AEREZ HBI[123 - -
n)THIRIEME. HHP[123 - n]THEBFFFIBENLA
i

2) PAEfRIEAE: PR UOCRSHEBS SRS
AR AR, BT AR TIFERET, BT
URETTHEGRE T —IRESES . BT RS
BHE T B RSB RE TR RE T

3) BWIRIEME: T 2 AR R, RS
A8 A U045 i [ SRR, R H AR R UL/ 1Y
BRI

WEB2ER I FIR, FE 5595 UK 17 AT — AN RE R A M
X R — A —To R RE 71 ) B AR, B, —
AFEFEF B HE R N W — B — MR M.

AR I B BRSSOV v LA At b 3
o] BB R, @ T AL BRI M) R L SR A &

Xtk A THRYK ] BT H B B ORI
PR T FroR:

Best: FEHLA s WIUGRE

fBest + fitness(Best, funfen): 15 B Fr ¥ &
Rif

k + 0: kAR

flag + 0

Repeat: 4REE3H4T

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

JfBest, 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 BB RIE RS

Matrix X < ¥ &AL 0] &7 A0 A A
R

£ LR+, MERSRBEEDEESH
KNENERAE, CRUUTETHEHERE LN
BERIRAD, ama K Aag it 18], ZEAH R RS AR BT,
R NEBK, KBS A8, AP ERIE
SE = 20Bl IR L KA. 1At AR BIRERBHE L
POIRARABREEFIRIN YRR
Best, F-4E YT B AUAR ISR BT PR AN
PRAS e, B T 24 A B O At 2 SR A B ARV I, X R
UE T AT R ] e R B AR,

4 SEH % B 5T i (Experimental results and
discussion)

HF T WAE TR E RS EBE LN 6
R, SINEE T ARIERHEMERAT, F, CER
4 A THRIR iR BRI EIE K FLHERE.

4.1 JA1(Test 1)

PRI ER IR A, 23550 LASZERT 104 48R i) i
HB, LR — RS EB N — RRESEBE R RN AR
[F]. K255 T S4E ) AN 104 ) 7 R T A5 IR ) B
R p ANt AUV, B RBGERET; B fr B,
RV AR B R F R g FUEXAE, BIREUGEREC. BB
3R B M R RENL A U B8, B e, e
BB 1~ 100FIFEHLEEE, fr 00~ 1HIBENL/NEL
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Table 2 Two simulation examples of staff assignment problem

WY AR

% B

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];
= [0,0.8416,0.0448,0.4068, 0.4039; 0.7794,0,0.3054,0.9248, 0.5331; 0.2204,0.7745,

kil 5

0,0.9617, 0.6658; 0.9215,0.3221,0.2478,0,0.9853; 0.5734,0.9833,0.2685,0.3772,0] ;

573.830

C =1[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];

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];

= [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

0.51,0.94, 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

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,

C =

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};
(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].

FUR MBS, ATLLRE Lk s 4 BB E
#1573.8300, XF N HI B ALAE N2, 3, 4, 1, 51; 10417
B B AR {E 292047.0600, S I B AL A2 K14, 8, 6,
3,1,9,7,2,5, 10].

ZESFBEENR —REEBAN RS H
¥4y AER Tk, 2B BH R, 2 BB ST
200K, WIR3FTN, NBAFE. BEE. FIHESEH
[ X SRVEREAT PRAY, R AT iT R RIS B M7 20
IBITR, R TATRR IR & BB T IR B EL R,

H B ERIAA ST A8 5 TR in B skt
AR, A SCEF2. 2R T —FrExt & TR
) R RR R 2 SR AL H SR, BD FARR R, R A
BFERARMATIRIR BT T XA R AL A
JB, AT PR VI AR I 2 A A ) i) S AR
RA1THE, Fr AL AT R BRI B pos R - 4
WAL ERFRNE I TTAT R 100%, AL WA 1T
FREIIEIL. 350, RINZE A IZIT200E1T)E, KI5 &
RAREIIREL & BIETTIRBI L.

&3 —RREHBE RRERBERS

Table 3 Effect analysis of first transition and second transition

] R AR iR BifE Mg BEE GOTE/ % NHE/I%
5 —UCRAEERE  573.8300 610.5835  825.7800 100 75
THOREHERE 573.8300  573.8300 573.8300 100 100
10 —VUCIREHRE 2047.0600  2209.7000 2144.3000 100 50
ZUCGREERE 2047.0600  2080.4000 2101.3000 100 75
BFR 3004, FH—RRESHEBR _IRIRESEE (1)~
HEAARGFHWIRE, BB S ms4mMm10 % 9 21 01 0 0 0]
SRR FRILZ S, Tixt FS% AT 3] Lzl lo 100 o
2 104 R, R — YORASHE B S0 1 T (N T ilolzul=slo oo 1 ol as
FIFE— VOR AR SR T4, T3 9 35 11 . aj" L0 00 0
HEREHRTEE. 4
5 zs5) [0 0 0 0 1)

AR5 3.5 99 Frad, 1% [ B A0 S8 o A A A o X
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BT RIP R RAER TR F A 20
R FE A, 192 AN E AR A LR, #m a] F1sk
ot oL R v oy R B AR RO IR B ARIE R3F R, ik
A SYE 8 UK R 1048 1), MU — R EHB KR
Ve R B R 55N TR IR A S B SR A 1) R
HIE. Bl 5 2, XA Z0ORESH B KRG 4
JRABARA IR Z TR - RRSHEEREERER
WRRRIREL, X BRP T ORESHBHEREER
BENLT —IREHE.

BAh, B4R T —OREHEB N ZIOREHS
BIT20GEIT AR R, RIEE40T 50, — /AR

SHBRFRE R SEBHNAEERRS. H
AT L, ZUORASHARS SR T— OR S
4.2 Pik2(Test 2)

FEZER A TR, MK IH CASHEFN 104 IR IR o] &
45, B0 45 i I ) SR Y R BOR, BRI B A5
[Ex] 99 SR gk R0 S 457 i [ 0 SRS ) SE B 5 3R, o3 iz
H200E. B 5 LI 45 R KT R T %4, R4
R &R, R 45 v [ 1 SRk () VAR 20 H R R B IR
HEAR B CAm AU, 705> B i B SR RS 70 B
AU PR BRI 2 R F R R .

A 4 RAFHEN R R BRREHB I L SA SN R0 B EREES kR oM

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

Ir) R AR IR BUHE

BEHE  WITE % BRE %

573.8300
573.8300

5
SERERCARE

573.8300
573.8300

573.8300 100 100
573.8300 100 100

IS

10
7 4 e S

2047.0600 2080.4000 2144.3000 100 75
2047.0600 2047.0600 2047.0600 100 100

2140} —Tl—_
—
2120 -
\
)

2100 F

1
1
2080 - ’
[

2060
!

2040 + ‘

2020 — - J

STwsy
TR R

Bl 4 —UCREHHH ZUCRASKIE 104 7 B4 R LRI

Fig. 4 Comparison between first transition and second

RS

transition in 10-dimension problem

4.3  JiR3(Test 3)

%R A, L0, 15, 20, 30, 40F1504E ()
FeUR R AR, MR T AR HE B HREEEH
R RE, [FIR LU B BUR A B H vk SHERLE X
BRIy seae g 1 Hh SR [23 R R &2
KR 2 AR R B, (R LT LR K
SR PR SR AR AN SCBTR 4 52 T 4RI 1) AL H Bk
Iy F ML AT200K, tESE ETHT R, L HI &
BALMR KT S ih £k, nTUAE H B BCREHBE
ARSI F e R RS LIE R

HRS AT, FIF AR H i S BUR S B H:
kAR bR ] @, KR8 B e E I TR A
FPUR KBRS IS 3R, AL T AU H I Bk
FIF B Btz 4h, BEBUREHBE R REEA
v BT 7 B ) 34 2D AR R K B BT T 1], R B

THEEEMREN. i, RHCPLEX#HT KF
104 [a] R, BRI E M S BERERBREIE
AR R, IERH T B ECR S B E K. 7
KR T TH, CPLEX 1T I (8] 775.23 s, T 25
BORAHBERNFE11.74 s, BiF T AR HE
ERHEY. BT CPLEXRIZITH A E T BN
HI3E N 2FEEE K, TERAE 154 K UL b n) Bl 7558
PR A (RN ECH22S, IBITIE R T84
B, B b A 30 RS 104 () B0 4T % 1 SR . Bk 4h,
Y AR B, BB A R LIRIR R AL SRR A —
AN H] R, BT H X AT E R0, A IEME
SEOUAL I R, IRAESRSH T R, A SCHEIZEN R
Hegilt 5ERE KEEL P E S,

—' s

3700 \’{ — 1:,[“";.’.{‘:{!1 ’” 4 (17 S

s
. 3650 f

= i
3 3600

3350 | R— |

70 20 40 60 80 100 120 140 160 180 200

B 5 304k BB BCRAS H B HIE SRR K BE
BRI
Fig. 5 Effect comparison between discrete state transition
algorithm and simulated annealing in 30-dimension

problem
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Fig. 6 Effect comparison between discrete state transition

algorithm and simulated annealing in 40-dimension

problem

BRI

Bl 7 S04k e BB AR A B BE S BB K BE

Fig. 7 Effect comparison between discrete state transition

algorithm and simulated annealing in 50-dimension

problem

A5 BECKESHB L E5EIE K E SR

Table 5 Effect analysis of discrete transition algorithm and simulated annealing

RS % BiHE FIE BEHE WATHI % BITRIE) 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 26873000  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 — — — — —

5 45 (Conclusions)

AXERBREHEBEEEM L, 5IAT 2R
RAFR NSRBI A0, I T — PP 5 T
VR ) B B BCRASH B B B 7L R
SEIGX LU, RUTEBORSHES B R AR
e e REREES, TR RETILER X
B, R SR AT — B AT S B SR B > 5
RN, FERILN A T DA A R SER UL R R,
P kS A e R I TR BE 1R R 2,
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