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Abstract

This report describes about a software development of multi-objective analysis for evaluating trade-off
between economy and environment. We focused on a logistic system cooperated with multiple production
manners that respectively take different features regarding production cost as an economy issue and CO,
emission as an environmental one. To cope with the problem practically, we extended our foregoing approach
referring to hybrid of graph algorithm for minimum cost flow problem and our original classical and recent
meta-heuristic methods. The former derives an optimal scheme of total solution such as allocations of
production and paths of location. On the other hand, the latter deal with a sub-problem known as vehicle
routing problem. Then, viewing trading cost of CO, emission as a weight between cost and economy, we have
developed a procedure of multi-objective analysis in terms of weighting method. Finally, a case study and
bench mark with practical problem size have been solved successfully by the developed software.

Key words : Software development, Multi-objective analysis, Hybrid of graph algorithm and evolutionary
method, Trade-off between economy and environment, Logistic system cooperated with production
manners.
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3 3000 6000 5000 6.612500 0.1506067
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5 8000 15000 10000 4.841500 0.1102703
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TOTAL SOLUTIONTIME = 817.9180 SECS.

Optimal CO2[Kg-CO2]= 220971.906000000
attainedat 10 cycle as Obj-2
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for available vehicle TH &R A[REZR i % 4 7 (1775 5) Dafr (HE [Kgl. AREHEHE [Kgl. [EEE¥
B]. ERRE W u]. BROYEHRE [Kg-CO2/ k¥ u]) WREND, S 5IT, RRERE TR
LT LB BT RE VD T 9T Fig.10 10R L2 ki AR EN D,

150 THIUYle i
TAKEN METHOD (CL% =
h‘l,-: 1Mo\ by T
ROUTE

MIN - 39 | 4 4322873. 68195312

Pone ! —-—-u -

ITERATI Fail count
TOTAL S )

Kg-C02]
OPT IMAL

, BTIBTORES
Enter comm: ERTIF, TH &2TIF BED (T H.
THETIZ HIE2(F TERIR

] feasible

Fig.10 #&THRED AV J—r

Nz T, OPTIMAL Production M Ti%, fimZRAEEFENRIND, AT, TH1 & T2 CriAE
#H1 (TF N, ZLTLE3TIIAEE2 (FT) BRERINTW5AE, —J, OPTIMAL FLOW IH|Z 3£
D OYTIERNP 1SN D,

Graph size(Node, Edge) 38 99
# of DC, RS, RE, Method= 3 3 17 2

=== Parameters for available vehicle ===
Type, Own weight, Payload, Fixed cost, Fuel cost, Emission

1 1000 2000 2000 12.66000 0.2210644
2 2000 4000 3000 10.15500 0.1773230
3 3000 6000 5000 6.612500 0.1506067
4 5000 10000 8000  5.796000 0.1320100
5 8000 15000 10000  4.841500 0.1102703

MAX ITERATION & Fail limit= 150 64

========== Done!

ITERATION & Fail count= 151 5

TOTAL SOLUTION TIME = 0.4414063 SECS.

Opt. augmented COST[¥]=  4130835.82890625 by rate 500 attained at

15 cycle as Obj- 3
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TOTAL EXPENSE [¥] =  1473955.98808594
TOTAL CO2 [Kg-CO2] =  5313.75967697144

Get opt.route by referring to this cycle ->

==========QOPTIMAL Production

DC-1:. TF DC-22 TF DC-3: FT

========== OPTIMAL FLOW

TR ey 2
10490
SOURCE - SIGMA (T COf/NMEFERAFH)
5500
SIGMA-DC (L5 CO e/ NEFE )
2500 1000 2000
SOURCE -DC (¥ T/ NEFE &)
2500 990 1500
SOURCE-DC + SIGMA-DC (L CO/EpER)
5000 1990 3500
DCI-CL
CL-DCO (L¥TOLEMESTEDHNR)
5000 0
1990 0
0 3500
DCO-RSI (L5505 HIZE~)
4540 0 460
1990 0 0
0 0 3500
RSI-RSO  (H1Z£4 D i &)
6530 0 3960
Print only when NA:ARCS# 99 <1000
RSO-RE (H1ZEM H/NE D ~)
570 540 750
0 0 540
0 530 630
0 0 0
0 0 0
0 0 0
30 0 0
300 770 0
580 0 0
RE-SINK (/]N7E 0 F555)
600 540 750
300 770 540
580 530 630

7 feasible sols.: OBJ, COST[¥] & CO2[Kg] as Obj-

4190056.8289063 1240926.9880859
4131302.2019531 1474003.9153320
LTI

560
740

O OO OoOOoOo

91

560
740
910

5898.2596770
5314.5965681

eleeeeeeaeeeeeeceeeeeeeeeeceeeeeeeeeededeeeeeeeeEeeele)
15

elelaeeeeaaeeeeeeeeeeeaeeeeeeEeeeeeeeeeecdeeeeeeeeeee

570
500

570
500
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LZAT, HIFEERbELLIEE (DODAT Yy TOFZBDNRGA—F% 1) LizbEx, 2077 AV
DIBEMRRFONTRFORERE (15) TOHA (LLTIRT) 2283252 & T, HENL/DEES~DOK
FIFERILZ TN D Z &N TE 5, HLARKIIAFITIHAELEICELT, #8%1 (RS oL 3 L—rbHb, K
MLk ->T, /MBS, 1, 1 1OJEIC, El22Xk->T, /ME¥E4, 9, 10, 3, 6, 15DHIZE
LTHE3IZL-T, /%14, 1 20JAICEXRIND, —F, 12 (RS2) 7D OREEIT/ZRL, HZE
3 (RS3) MHDEIEIZ L L—FDOART, /IFE¥ES5, 8, 17, 16, 7, 13, 1DJEERS, ¥, /L
— FEFOa L ~DOHOBTIIRERETH D, Bz, 2,540 1%, /e 2 ~540Kg O X 9 IZFETe,

*hkkhkkkhkhkhkkhkhkkkhhkkhhkhkkhhkhkkhhkkhkhhhkhhkihhkihhihhihkihkhkikkx

*kkkkikkk 15_CYC LE *kkkkikkkikkik

nnnnnn * * %

TAKEN METHOD(CL#*DC#)= TFTFFT

NNNNNNNNNNNNNNNNNNNN

ROUTE FROM RS- 1
NANNNNNNNNNNNNNNNNNNN
No improvement by TS for RS 1
No. of routes = 3 lteration at TS= 1441
Opt. value after Saving & TS update 276165090 276165090
Vehicle- 1 TOTAL cost 58567110
2, 540 1, 570 11, 600
Vehicle- 2 TOTALcost 155703160
4, 560 9, 540 10, 740
3, 750 6, 570 15, 630
Vehicle- 3 TOTAL cost 61894820
14, 530 12, 500
NNNNNNNNNNNNNNNNNNNN
ROUTE FROM RS- 2

NNNNNNNNNNNNNNNNNNNN

= No CUSTOMER RETRAILER =

NANNNNNNNNNNNNNNNNNNN

ROUTE FROM RS- 3
NNANNNNNNNNNNNNNNNNNN

------- SINGLE ROUTE
Improved rate by TS=  7.3339440E-02

No. of routes = 1 lterationat TS= 641
Opt. value after Saving & TS update 206911050 191736310
Vehicle- 1 TOTALcost 191736310
5, 660 8, 770 17, 710
16, 910 7, 300 13, 580
1, 30
COST(NEW, MIN) = 4130835.82890625 4131302.20195312

B, FEOINFCRILIE CONV.TXT 2> H 4130, DATATXT TIlMEN LT — 2 BNHERTE 5, ER, o7
LT —H tomato.dat ONFIZLL FO@EY ThbH, 2—V—BEORMETIE., ZhiREDT—%%y &M
BETHA0ENH D,
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'DC#=IDC, RS#=IRS, RE# = IRE, CL# = ICL"
3 3 17 2
'Distance Between DC and RS (IDC, IRS) [M]'
794611 805731 793797
38213 29151 46967
91335103736 88141
‘Distance Between RS and RE (IRS, IRE) [M]'

6879 2947 12389 12920 4772 11565 12709 8870 13411 14270 6056 12275 12095 5594 14896

13270 10821

20828 16896 7182 10630 17582 4825 23901 21286 8831 8405 11219 20241 18429 15609 3228

26075 22246

10048 7192 20950 21481 6086 20126 13534 8630 21972 22831 15089 16855 14714 10305 23457 10940

8657
'Distance Between RE and RS (IRE, IRS) [M] (Symmetry)'
'Distance Between RE and RE (IRE, IRE) [M] (Asymmetry)'
0 4403 19580 20111 7725 18756 19347 14443 20602 21461 8539 18889 18709 10661 22087 16784 14471
4202 015203 15734 337514379 11765 7926 1622517084 9164 12919 12739 6283 17710 13538 11226
18414 14482 0 392515168 3318 18716 15965 2271 2232 10477 15056 10313 11277 5690 23692 16925
18967 15035 4035 013715 555315277 14226 2097 311511037 11617 980510274 9730 20253 15186
7942 3434 15238 14842 014414 9545 5706 14224 17119 11903 10699 10519 4219 17745 9988 6686
18025 14093 3307 5819 14779 01971318483 4735 4191 841516183 15394 12806 3617 23272 19443
19841 11796 18657 15263 11764 20635 0 604116521 1678522199 5863 6750 833121673 7331 4855

13015 798515964 14224 6631 18280 5449 015003 17664 15159 7223 7043 452022552 6576 1257

19070 15138 2271 2097 15824 4799 16538 15004 0 238611133 12878 11066 11054 9000 21514 15964
20304 16372 2232 311517058 421017281 16239 2545 012367 13621 11809 12289 6207 22257 17199
8659 941511017 11548 12161 8170 19254 15415 12039 12898 0 15860 15071 12138 10941 22259 17366
19017 12900 14785 11391 10609 16763 5364 7145 12649 12913 15597 0 3453 73651780110340 7367
18598 12481 10637 9939 10190 14874 7294 6726 11198 11462 14569 3782 0 6946 16350 12270 7686

12244 6220 12409 10346 3930 12741 7902 4063 1112512360 11865 8158 7978 016072 9703 5023

20674 16742 4974 9778 17428 467121723 21132 6963 6222 11954 18063 16251 15455 025921 22092
17079 12369 21342 20252 9108 20534 7140 6576 21510 21774 19543 10461 11739 11311 26662 0 6090

13861 991916924 17245 6658 18085 4879 1257 15963 18767 17094 7454 8003 5480 23655 6095 0

"TRUCK TYPE AT DC & RS'

5

4

4

2

'MAX PRODUCTION AT DC (IDC) [kg]'
65300 73700 86700

'MIN PRODUCTION AT DC (IDC) [kg]'
2500 1000 2000

'Production cost at DC (IDC, ICL) [¥/ton]'
65370 103890
63000 123000
58000 98000

'Shipping cost from DC (IDC) [¥/ton]'
21000 26000 27000

'fixed charge for culture (IDC *ICL) [¥/ton]'
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45950 103890 63000 77240 58000 98000
'Upper of Available culture (IDC * ICL) [kg]'
5000 1500 55001800 5000 3500
'EMISSION FROM DC (PRODUCTION) (IDC, ICL) [kg-co2/ton]'
354 640
572 872
790 408
'EMISSION FROM DC (SHIPPING) (IDC) [kg-co2/ton]'
20 40 30
'Maximum capacity at RS (IRS) [kg]'
6530 7370 8670
'Shipping cost at RS (IRS) [¥/ton]'
12100 16000 17000
'Handring COST AR RS (IRS) [¥/ton]'
2000 4000 3760
'EMISSION AT RS (SHIPPING) (IRS) [kg-co2/ton]’
12 15 10
'‘Demand of RE (IRE) [kg]'
600 540 750 560 660 570 300 770 540 740 600 500 580 530
630 910 710

7. BbYIZ

KT 7 =J NV LR— N TlE, £ - FBOZ L E BENETed, AR - Jil T AT DZRBW TRFENME
EEBEAMO N L — RA 7RO 72 D% BRENT Y 7 F OBRFIZ OV TR, BIRICY > T, BE
OFE 2 OIRPUTIE U CFIRICHEARTEEL T2 2 & 208 7, /o, ERBEEOMBELIRZ 5 X 012, W&
IpfcE A IR D 2 LT TR I TFEICE S b o b L, BRI, Wd%%mﬁﬁt%&m&%
HPE SRR NS 7Y v RREERA L,

K7 NOFEIET, BUET =2 2G50 —ARAZT 40X F~— 7 MEICE T 2 HEFEREE L TR
L7me THICKVHERED A X FETITER Y b TV WX 9 2B ORBEIZ S LT b A it 2 A L T

0. BHENRTEE LTENETCS,

g I T—F OB

FHRICHW T — % Offi 27 % Table A-1 ~ A-4 127", Jifisk M FEREIX Google Map API ZFIJf L Tk
EEBEOETH DL, —J, MO T A= E E (URLL~6) 25E L LTkt DT, —HIXERE
DHLDEITRLDZBEMBE /RS> TND, ZODANT —ZIZOWVWTOEEMEICONWTIEIAE — LWz D,
LovL, BRS CRETEOFIETMEZ Z Z COFEAME T H7-ORICHBE LW LT 5, Table A-1
R EMOKEES [ BRI E SR L0 EK b~ Mo @i, KBNS EHOL O & B L, WiR%E EE
B LEMBICHELCE ELL, JABRSZ ZORMEE L, o JAIZOWTITE Y ICEB) S EofEE &
4 DEHIE T, EloHmEO BRRIE, 4RI IREITE TS~ D& R b ORI AL & & AT 2
HOL L TS0 LBERME L, FIRIZERD 172 & L7z, HiH CO, e Bid 4 & BB BB L R — b
®Ei%®ﬁ%&w@%m%ﬁ’EMLf&bt(MMMWMM”NH)Omﬁﬂxhﬁowfﬁﬁﬁﬁ%
X720, AFEFIEEOAEREDO ERRITER & & P W EO ERO I0BRE LD ko5, £1-5E6b
%%%%L&G%ﬁgfﬁwtoi@ﬁ#ﬁ%ﬁi%@%&w~fﬁFﬁ&%@ﬁﬂcmwm%ﬁ?—&N
— A OVEIE L EEEREE DR T,
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—J. EHTEETOERY HW R JA D 110 & L0, D ITIZ oW T ORIITERC /o, /INFEE
EZOWTHREETH D,
SHIFERF T v 73 Table A4 _ T L HICE5fEE L, 2,4tDH Y Y TS - BEOKEIF &I KR

DT 4 —E/VHEITAEERL - TiHOBmEICHH S D & Lic, SEHREBUIRFEERY - L2288 Wit

B CO HEHBRICBT D2HENFETA RF 4] KOG L,

Table A-1 ARSI 24 A N (FHI

AEFETA B PR 72 i 7%

- W\ 10.68 8.85

p— Ji=gs 228 431 12.94
&) 14.46 23.84

R - B 16.50 31.61

gt 45.95 77.24

e} 12.62 13.27

JE:ZESEA 7.55 8.20

EHE AR 8.41 8.74
JtEE) ) 11.22 34.74

Z DA, 25.57 38.94

gt 65.37 103.89

ik BEMOKEERS Tdh A BURRE HEETH)

Table A-2 A= FE LS —EV T 55 TR e & AT SR A

&

H YL T JA fiE JA I B JA 350

_— zlxii% 794 805 793
k] 4tlfﬁ 38 29 46

Rl 91 103 88
o fr & ERR 65300 73007 86700
[kg] TR 2500 1000 2000
HfF = 2 ¥ 21000 26000 27000
i pE & [kg-co2/t] 20 40 30
A PE 5 15 7 fiti g% 72 it 5% 72 fi 5%
AEPETEF = A b [¥H] 65370 103890 63000 123000 58000 98000
AEPEEE = A b [¥H] 45950 103890 63000 77240 58000 98000
AEPER EIR [kg] 5000 1500 5500 1800 5000 3500
A PERFPEH B [kg-co2/t] 354 640 572 872 790 408
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Table A-3 #Iri %t oc

W EIT S, | R B BRR [kg]  HAF= A R[] ERO RO = R R[] HEH Rkg-co2/t]
N 6530 12100 2000 12
Bl 7370 16000 4000 15
P 8670 17000 3760 10

Table A-4 3% Hiifj O § T
N7y RR M 2 4 6 10 15
N7y 7 BE [t 1 2 3 5 8
[ E 2 [¥] 2000 3000 5000 8000 10000
HEHAREL [km] 0.0844 0.0677 0.0575 0.0504 0.021
PRy KU H F 4 —FBILH
PREFEAT [¥/] 150 115

Fha OEFNTILL T O Y Th 5,
Az PELA B (3 5 FT)

DC1: REA 1T
DC2: 7K4% JA fEFT

DC3:

JA BEFN 132 T

i % (3 f&iFT)

RS1:
RS2:
RS3:

Gl BT REGE TS AR
Sl R T R SE T
A iy BT SR SE T

el
P AR T

Ahge (17 )5)

RE1
RE2
RE3
RE4
RE5
REG6
RE7
RES8
RE9
RE10
RE11
RE12
RE13
RE14
RE15
RE16
RE17

C AN—A HEE

D AS—A B

D A=A FFILSE

: AR—A TREGE
D AN—A Al RS
D A=A RIS
¢ AN—A FEE

D AN—A IS

. AN—AP SFILE

. AN—AP TEIRSE

1 A/N—AP HIRE

D AN—AP EEHE

: A/N—AP KI5

: AN—AP T T X <5
D AR—AP Wei)h

: AX—AP JEKILIE
: A/S—AP LG

REA L FhE ARG BT AA 4% 357-1
KRS T IES 1071
AN IR B R T IRIAR AT RRGS 4-1

£ R THEVE X NERT 2 3% 22 &5
PO B AL E LT KT B85\ X 107 &l
£ R TR XN BT 1 oD 39

A BT HEIX Y T H 1501 il
AdT R IXEE—T B 10 7% 28 5
A iy B T AF 1L TS L 2830 7

A ETTHEX T REE - TH1EL
AdTETEXEHNT H 9% 47 =

A drEMALKERTILT B 1 &

A iR TRIXAEE T B 201 F& b

Ay R TRk AR RT AR TR 1L 3 i 9
Ay BB T AE L XL ET 12 96 26 5

Al B TS I XA G HT 175 2

Ay R T R XK PR RT 27 25 Hi
AR R AXAEE T H 1201 FHe
A BT R A IO — T H 302 FHt
At R XEE E—T H 1% 31 &
AdrEARXAE =T H 606 2

A i R R KIE K L — T B 501 F
A dT R TTRR X (L — T H 48 il
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