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Application of improved genetic algorithm to magnetic materials group
furnace optimization problem
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Abstract: Grade, due date, priority, and demand are attributes of magnetic material production work orders. Planners
are required to seek the optimal combination of production work orders to minimize the cost and improve the efficiency
based on these attributes. To deal with the lengthy furnace-grouping time and the non-optimal furnace-grouping result in
magnetic materials enterprises, we build a mathematical model for solving the furnace-grouping optimization problem with
unknown charge number. This problem is first transformed into a pseudo traveling salesman problem and then is solved
by using an improved genetic algorithm. Natural number coding from 1 to N is the coding scheme that this paper adopted.
An initial population generation method is designed following the sort criteria of Earliest Completion Date (ECD). An
elite strategy and an improved greedy three-crossover operator (3PM) are introduced to enhance the convergence speed and
precision, whereas a reverse operator is applied to improve the exploitation for the presented algorithm. Simulation results
based on practical production data show that the built model is appropriate and the proposed algorithm is effective.
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Fig. 1 Schematic diagram of artificial group furnace process
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of artificial group furnace process)
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Fig. 2 Schematic diagram of group furnace
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R LRk SERH, AT — LK, A
1k

MBS el DUE Y, P AR R A AR R 4
M Ak AR T3 SRR P 5 THT AR SR AL R, RO
NI B2 3 SR B 1 — AN T8, T AAE S
AT, JLP R T ST, R AR .

5) ZRHT.

i A ARG i e o () SR LB DRME, T T 1B
AN, A S da S 7 A AN A R A B D7 v, e et
SRR R BE ), DRI 2 e, 2 a8,
AR S 3 SRR LI, L) 5 O 284 ) 1) 42 )
8 FA ) 48 R A SC e 1) 38 A% 5 ik (improved
genetic algorithm, IGA) H1 48 5557 1K H BE AL 2h 541
HIAR 5.

BENLANASAL B AR S R A ARG 5 R B L3 A5
T8 B A B LA FE PRIV EAR s B, BEALTE AL
AN[EE, BHASTE AR AR AL AN AN B 5E . 28R
I8, SAR T BEH L AR ey B 20155 S AR2
BEATLIZE P 172 S 67 A 419 AZAR3 R Bl HLIZE A 148
SALE N IAN8. 132U AR T 45 R I O P,

Qﬁ1|32568141079|

$€4€2|47659321810|

Qﬁ3|56412810397|

K8 BEHL A3 SR SR AL B
Fig. 8 Random generation two variation positions in every

father generation among three father generations

3&4%1'|35268141079|

sutz'|95674321310|

3&4%3'|56482110397|

9 3NN 4G

Fig. 9 Variation results of three father generations

6) WHHT.

K BRSO As X, b RN S 1, A
A2 ) T R A K PR AR . B A, A A LAk
FREIEARHIOL R FEDR, ITAEAE R F I8 &R R K
NS

[F) A8 AR LGER, 1% 5 () 5 | N ReAE TR 4k
ACER I 245 B BB B 4123456789, 72513,
672 [ i A= 19 Ak W 3 7 336 A i N, DU o 2y 12—
6543-789, ML AR 12, 65438, 789 B 1 Sie A%}
IR B 58 i FE (6543 5 34566} 1 T L 4i 4
ZIRORULESEMN D), FURAEWTRL s R i (R 4L KT
RAE T ARk, AR S b e L IR I A S T g, R
SUBESZ A U (1) 5 ) (R0 . (5 LS R W, 5N
W BT 7 LRI SRR JRB S A

7) KEEF.

Tk G () S0 3PMAS LT, SIS T2
), 192G 44650 H A Pop_Size’ . %} T-Pop_Size-
Pop_Size’ M) G4 (A% H R FRS 9518 8 5 M ALAR G
A HE R IE N R, AR %A g
k. B S AR N R — AR, X R T
A R ek D 5923 AR B Pop_Size k) A ML, Pop._
Size’ AP,

3.4 HERIFEE (Algorithm flow chart)

AL SIS AP BN T

FB|1 PG TR, ¢ — 01k
BB T s KRS BENLAE B M AN A
VERAIEREAR P (t);

B2 ARV A T2 R AL,
A7), WEP () P EAAMRIIE RN 1Y

IR 3 KIEKIERIN. Bt >= TodP g Rk
SRAE, WSR2k, B B 2 (W 287 TR P AR
PRI LR, AN, ¢ — ¢ + 104,

SRR A EPEE T CRORS DR AR T REA, RN
HIERER A B A TR ),

RS XE AR TR, Lk
FEIMNA AR TP, R H S0 3PMAS X T
HATAS XA

W6 LRGN AT TR, R4 AR
et BEHLIEREAC X 5 AR P T g A T AL
B,

LSBT WS TGRS TR A
S AR S 2 G AR T, AT R

LIRS IS, WAL R R &
N FEAE SR R, B AR B I R AR FdE N R —
YOEA B PR, bt R A B 10 s



1228 =l

Mg

5 N A H31 4

SROE: ALK BN, R 100,
B KA K EL5000, FRIHGGAP = 0.9

l

FEREATL
RIS
et A 4
il AR
gt TR
2
it

10 Sudkist e i
Fig. 10 Flow chart of improved GA

4 SERREdRIEHE 5 53 HT (Practical data opera-
tion and analysis)

WL R R A 2011 £ 9 H 4 1) 2 HE 10/
20/40 A L0, Horp 204 D4 Bk 1 TR, H
MATLABE & 4t T b o st AL Sk Fe .

T AR L N AS XMW PR S M6 P, IR I B2
SEMEALSEVEAT A RPERE I ST E 12, A2 G
B, WR2FTR, A XMWEE P, > 0.88 48 SR P, <
0.1, 4% 535 5 B N JR i8I 2428 MR P, <
0.8T AR SR Py, > 0.1, Fr4ast A& 501k i i S
FoE R A 1, WER i 1 1 A8 U P, = 0.8, 22 S Ak
K P, = 0.1; #f8 A EHE LS E O Yt kg
KB A TR H N, 23990 k10720740, FREERUEE 100,
B KIEAE5000, fLIHGGAP = 0.9. M7 RIA
TN AL Bt IR 1) TR 4L FOAR 56 9 i 1 T B
PS4 N R FH AR [ O 28 ST 48, 5 e e By R Fy; 4
WAk B A ek B A 3o e A8 B AR SE 9
SEOIRE SR /1o a VRS SV WRE S Dl 119 Fa SV 1 R N )
DR E R D 343 TRACE R A0 i A o, BFAN. B
W RN G0N R34 PR 2R TR 45 B 22, BT X324, A
SCIEICT AN RV EAE IR A S el asi A% S b AT
i, R ZHL, B ERIIIEAT201R, X Lt
FEEACIRE R B AU IR AL (WA 3), He e 324k
FHE A== =1; &N ERE T Value = 1000.

k1 AFI18ZE

Table 1 Information of production orders

BEKAT ST H iR -5
TR FE-E ) T ZR Rt
(CAHKITH)  AFEHEYS)  TFBRke  Rkg

T LT TH
o e FesET MY Wk
2% H fH/kg
1 3 4 35EH 30
2 2 5 35EH 165.6
3 5 7 35H 789.6
4 5 9 35SH 60
5 4 2 35SH 157.97
6 5 3 35SH 140
7 3 4 35SH 160
8 2 6 35UH 660
40 4 4 35UH 50

1 0 0 500
0 0 0 500
0 1 500 1000
1 1 500 1000
0 1 500 1000
1 1 500 1000
1 1 500 1000
0 0 0 500
0 0 0 500

A2 RIMF P, TS Py 89350
Table 2 The selection of crossover probability P, and mutation probability P,

THA(10) THH(20) T H%(40)
PC’ Pm ~ O N N o) N M N ~ . ~ M2 N N N
( ) WSS AN WS BRIl IREUREL SRR
(0.8, 0.05) 39 15.21 670 420.59 1950 1369.2
(0.8,0.2) 30 9.45 513 261.23 1897 1446.47
(0.7,0.1) 41 17.31 721 399.65 1913 1366.89
0.9, 0.1) 32 10.23 452 304.89 1881 1250.09
(0.8, 0.1) 36 11.92 603 347.64 1994 1355.28
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3 R AEE(a, B,7) 0L
Table 3 The selection of weighting coefficient (a, 3, )

THA(10) TH41(20) T (40)
IS e e e
G/ Che O = L7 G/ € S | &5/ vV =L w b/ € S &/ G v Y/ R €44
1,1,1) 25 3 541 6 1884 13
(1, 10, 1) 25 3 541 6 1889 14
(10, 1, 100) 26 3 543 7 1889 17
(100, 1, 1) 26 3 542 7 1891 16
(10, 10, 1) 25 3 542 7 1888 15

REA AR S ) 5 IS it ARRI19261K, BN JR A e L figts SR 3 gt e 51
FGREAMERE ST 3PMAS X T I ERA TR ARGk, WSl te, ik AR221 30K, B JR i Bt
XTEE, 0 EE s g SR PEAS R A 201 15E9 T 203l DUAR, (H3% H AR (BRSSO R 9 3PMIAE UL 15t %
FHE110/20/40 T 5. SR R B AR B AT, AR S St 0t A SR AR IR AR 2

ML F AT W3PS IR AL T3k, 2 e w107 1829U LS B B A A8, Wie Sl etk HL e I 31t
207404~ 5, FIBAT200K, BFUEARS000 G i, T IRPIR ORI
H b e B e AR B 22 A8 B4 T 22 W s8iAR RS NA SO BAL S5 SR (1P S H3)
B RN T I SE X e ASCHOE AR SAAE AR Sk, SCHR (2] Pt (R S+ WU S
WESIEEE  SRAFAG PS5 Ty T B LU SCA P AP icdb g Ate DA DA 1) PR 45 SR LR A A, RERR SR A
SR EE YL T A AL SR I IERTEAT R T E A H 2 e AT200K, REKIEARS0000K. &5
Rtk JE 20 A2 TR 3R b A RIS RERWIBMOT IR SRAT A A A S AU, (HAESRAS 4%
AT Ze B 11 . il L TAT L, SRS RSy DA AR I ) RS AP T T, AR ST oeadb i A 5k
3PMAZ XU 1 AR A, TSGR PR, 23k BOCHR (1SR (21 (15T 22

k4 3FEAEE kT

Table 4 Contrast of three genetic algorithms’

ST 3PMAT XU 1A BT
TN e mEE BE Ji%E WS XA

10 117541 3472.41 118545 1202 36 11.92
20 1171.88 678044  1873.17  14640.2 560 434.64
40 1730.88 114149 180179 695433 1894 1355.28

LY BULE S G EC RPN

TR U meEd W Ji % L& (Aw - GBS AV T EIT
10 11754 40314  2050.85 564727.89 80 47.1
20 1146.88 33644  2624.6 12656103 576 382.03
40 1668.9 73939 338253 19816015 1916 1354.93

ALk S

TN W EeEE WE Ji % WS AR/
10 117541 403141 11755 0.16 25 9.61
20 1147.44 336444 11632  1464.20 541 3238

40 1662.88  7393.88  1801.8 59993 1884 1343.64
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Fig. 11 Three GAs’ iteration curve of group furnace

optimization

A5 AR Fk S AR [1-2]F Skt it
Table 5 Algorithms’ contrast of this paper’s
improved GA with reference[1-2]

SCHR (117772
TH  Hr Hx Hix W8 %48
ML iz iz, izs AW WA
10 58 1114.41 3 25 11.12
20 229  918.44 6 470 326.68
40 406 125688 11 1889 1355.14
SCHR 217572
T8 Hix H b Hir W8 548
M iz iZ.  {HZs AU WEs
10 58 1114.41 3 27 13.13
20 229  918.44 6 460  325.12
40 406 125688 11 1888 1354.45
VIR Gl Ui Lol = SN
TH Hip H#x Hir s %A%
M HZ, i Zo fizs ARE WS
10 58 1114.41 3 25 9.61
20 229  918.44 6 410 3238
40 406 125688 11 1884 1343.64

KA SC s A S5 204 AL P2 1T B 4L
gE L5 N T4l g8 Bt thin ke iR, Biks Bk
€5 ESCHIA]. ok AR Fak A g5 R, LT
SRR 2l k> — AN R, R SET R S 124 R
FEE 14T A BB 4, T BRATE ZR 4 )b (1) 26
15NV 5, A& 2028 L b, AHRY. B S 1, 400 1
43 5 R R 19523 kg/360.79 ket w1543 ke/
476.76 kg, 4§ % 53 5l tH 90.17%/62.20% $2 5 2|
93.62%1/82.20%, i\ & 41 7 % H 63.10% #& = F
73.61%, TE4E = 4L 2 10 R ), 98D 42 BL 580 kg.

SO T AR SV 2R 5 R BB 1 AP R R A R
P AR B EEBN T 45 R AT P BRI, 7099045325/
220848 43.2/1.3, T A% AL 6 0 R BAE 4
el T B 56 Z AR, RS2 0.05/0. 91 PR IT:
NS A AT A6 P R B AR IR S I R
I, AR AR AR AR i, AR BRI AT R I,
S IT FAATBTMEI A, LAY A B FERE XL
K6 AL BRI AP R ALY
g Rt
Table 6 Group furnace results comparison of
improved genetic algorithm
and artificial

AT
‘ - ok U pdly
Wk TR Whkg -
JEB % HI%
1 2,5,1,3 523 3.25 90.17
2 13,7,20 535 4 92.24
3 10, 11,9 530.8 4 91.52
4 17,8,15,16,6 360.79 2.2 622 63.1
5 19, 18 380 4 65.52
6 4 96 16.55
7 12, 14 135.97 1 23.44
AL SR AL S
ok 4l Bdly
gk e EEKA
S mams wim #%
1 2,5,15,1,3 543 93.62 3.2
2 13,7,20 535 92.24 4
3 10, 11,9 530.8 91.52 4
4 17,8,12,16,14,6 476.76 82.2 1.3 73.61
5 19, 18 380 65.52 4
6 4 96 16.55

5 458 (Conclusions)

W WA LA R AL AR A 1) L, i %k D e
AT 1)L, JEAE R AR AT b g Sr AL A AR A,
IR PR SRS, SR B0 3PMAS S P st
ARSI P UK 5 At AR b g | N i
T, R IR A R R A . T sEbR A
FEECIE 5 LR A, 1 U I REVEA R A
B A IE I, BT s e H G 3.
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