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gunsalBidnnsetiadinagiteglusnyudiduinioaduing szuuthmna (GPS) ndesued
& uargunssififimalulaanasiosneg  grthaalflusosudiulvinuntuminniluefin 3
wansznuilAntuldlddnaenedernudtdoutean sussnautudiuvessnsufivy yaanelu
(Wiring Harness) usisasfafununinimandasmddnmdlugnammnssusnoud daduilamiiide
gvin1seenwuugaaielned1slsiiauasaldsiuduliuagaseunguynAIufenIsveIng
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57405307: MAJOR : ENGINEERING MANAGEMENT
KEY WORD : DISCRETE HARMONY SEARCH ALGORITHM / COMPLEXITY MANAGEMENT /
AUTOMOTIVE WIRING HARNESS DESIGN

PEERAWAT NASOK: HARMONY SEARCH ALGORITHM FOR DISCRETE OPTIMIZATION
PROBLEMS:A CASE STUDY OF COMPLEXITY MANAGEMENT IN AUTOMOTIVE WIRING HARNESS
DESIGN. THESIS ADVISOR : CHOOSAK PORNSING, Ph.D. 88 pp.

Electronic devices in motor vehicles such as radio, GPS, back camera and other
cutting-edge technologies are put to new vehicles more than before. It is not only affects to the
complexity of assemblies and sub-assemblies design, such as auto wiring harness sets, but also
the costs of the whole value chain of the'industry. The problem at hand is how to design the
common wiring hamesses which: cover all of desien requirements while could maintain the
whole value chain costs at minimum level.-Accordingly, this paper proposes an application of
Harmony Search (HS) algorithm-which is categorized in-a group of artificial intelligence techniques.
The study starts with review all relevant design requirements, manufacturing costs, and supply
chain costs. The problem is formulated with the objective of minimizing the total manufacturing
and supply chain costs. Then, a customized HS is designed-and coded on VBA package. The
computational experiment which the 'data are drawn from-the real;situation of the design center
of a car-maker company:-is conducted. The results of the experiment/showed that the harmony
search algorithm was an effective tool saving the company-cost as much as 7.35% by comparing
the current method. Therefore as the conclusion, Discrete HS is a useful tool in design phase to
cope with complexity of product.of the sample company. The algorithm was coded in VBA in

Excel® that easy to use for staff and no.cost add to the sample company.

Department of Industrial Engineering and Management Graduate School, Silpakorn University
Student's signature ......ccceveeevvceeneen. Academic Year 2015
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AR LRI NTINNNTEDNBUURALIALITEUUATUAYUNTAAAUTR o
uamasaLiien (Pseudo code) YaiEMEAUMAIUTIANUILUUFUUSA lsisoLes .. ...
wanauuisnsivavediasiloaiuayunisinaulase BN s uvnALUTIEN
WAASHAN TS U URA T AUNLTIANYAATEIL e
LANINAN TUTB LB UE I TN TS 0DAUUIUYATEIN .o
nananamsiUSeuileusuaureB Il MAIMIOOAUUY
LARIANALTTUS LA LU SR PAR AUAUNUINAIRRENEIN
wanInLATUS AR L s EusU HMCR Audumusiaamansln ..o
LanIPNALTTUS TR SEuFY HMS Audtnusnngea el
WAAINAN LU U UNATIIAUNUTTANYAAIBLI L e
LLammmé’mﬁuﬁ‘maﬁmwiaumiv‘hsz?ﬁuﬁwuawmaLawﬂmﬂlw .....................................
uansadiiuSTssa RIS e NS o T A lElunsUszanana .
LLammmé’uﬁuéﬁuaﬁﬁmuiaumw’hsgﬂﬁ’uﬂixaw%mwiumi@jLsﬁmwﬁma‘u .......................

&



Uni 1
N

Tuiligtunaasasudiinsudstuiifivganniuuasaudeansvasgniniiananislus
WAnSusisnsudTiAss s LAz sunSouuazdoen slTimAluladiviuasio fiusntu
FrdufuAnsosudene Fafesnafiudenmussmulunsudstulunansosudlinnniy uandie
Humanevauesaudesnsvesgnlunniiflunavhliduugunsaiuasudiudidnnsetnd
snaq gauiindndanlundndarisasudifuduauann Fenansenulagnsafunisesniuuys
el (wire haress) Fosiiaududeu (Complexity) wnndsan Tnerududeulunusenuuy
ynanglyl (wire harness complexity) vitneda SrualaglauEuE (part number) VBIYA
m&Jlﬁ/\lﬁgﬂﬁ%ﬂaﬁ'ﬁumLﬁuﬁﬂmumﬁlumaaammuawm’%mé\’u (initial design phase) ﬁawamﬁwﬁu
Tunn9 Tassnsmseeniuunannsilel (new. model) T1famsiUaguuvasiuuidntios (minor
change) uazdnnuresnabliagiinTdudoumntmilodossenuuulviaseunquivsosusnnsy
(models), 1n3a (grade), @vla (spec) ,Uizl,mv?iﬁmﬂ (sale. destination) smﬂz@ﬂﬂizﬂm’%wﬁmau
#1499 (options & accessories)
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JUN 1.1 wansyaaellusaeud (Automotive wire harness)
i1 : Wiring Harness for Automobiles, 1U18alle 20 @atAu 2558, idelaaIn

https://www.sws.co.jp/en/product/wireharness/.



mﬂgﬂﬁ 1.1 dauseneundnvesyaaislnusy ﬂE]Ué/’JEJ%u?i’J‘lJ‘UENﬂE)uLuﬂLGIE]%
(connector), a1l (electric wire), @uvieviunlguen (outer covering), AGY (cUp) LAz
druewra9 1wy Fad (fuse), nseudn (grommet) LUuAuY Tnefudulszneundnivaniazaningn
ponuUULazUIEnouluIndnvatevanssinvesyaanslil wastiieussAnsamlunisdsenouya
aelidnlulushsasud feenuuuisitnisutauenngy (Families) vesynansll aamiioniii
MU (unit function)  Tngutsmusiunidusosudigaalngnussnouidnluludsnoud
wWu gnaneliiffesUsznouuuIAesufazgniSnin (engine harness) Wudu Tusasudusayiu
(model) azgnesnuuulvivinvesynanslniiuendesunnsirafusenludn wu lusnsuduieiy
a133ziinisesnuuuyaelndmIudusi (sunroof hamess) fuan Tasiomgmamefinigyiany
voaguUnsnitiug

aﬂé’aaéﬂaiaﬂuﬁmqjuﬁﬁ 3 yflpuoaLA30esUs, 2 wiagaies, 2 vllayalusn, 4 vilnves
yonaauilsfy wardn 6 vinvedgunsaliatu Tredenudniuds Tusasudfuiiaedosinseonuuy
ynanglndusiamawintU 3 x 2 x 2 X 8 x 6 = 288 wiavasyaanslil eaziuldida
wa1nvany (variant) Yasynaelnreudemnn. (69399 Iumwﬁﬁ’ammmmawmaLasu%yua"m
(part number) aslg  lasnaseonuuulrainisaldsiuiuld (commonality design) Tawnissau
wihiin1svinen (Function) nastudugaaelifdeumdsiinafian tazluuseuvarevais
(variant) Alallfimneenuvuiiesaniusasuduismismainuans (varant) Alildegluusunis
nan

Tunmsoonuuuiiieiildhisfuldlugeasln Visniansaouddnlnyldisdaeludly
nsananududou (complexity) vasniseanwuusinyaanaln iy

1. Msanvferinawauassaudiionnnye laslutuseunseanuuuyaaslyl laens
sugUnsaiiifueenduaiuuisiatiegluoniunan vioaneeviduasuysesendundnuisi
a9 FzaNI0anTINIITDISZUUIIS (System circuit) ashule

2. myvenuuuyaatelliamsarasurqulunatgaatessneud tnaduniseanwuuli
ssunasasilunngslavasmangli nslaif sy vurssiuaggnussnaslwhssudivdeld 4
Fseonuuvilidunit “Giveaway”  uinizeenuuuludnwaizdeiiadunuildea ity
dosnnslaudausgmans ey gl st Ude Fumuiidndardizondt “Giveaway
cost” FunuilinaInnis Giveaway awgnsralulugunuussmsnansneusiiaiy usaslsiinluAsly
S1ANVILVDITY UG

g Composite Supersat
Harmess Dasign

L

PDrLcks - Py
FWndws

Derivative
| »¢ | 3¢ | Trunk

Fuel Lid
wc| 3¢ | »¢ | Lamp - LICENSE
e | 3¢ [ 5¢ | Market - RHD

| < | Foq Lamps - REAR
¢ | PDrLeks - RHD

= Derivative 1 -T
Derivalive 2
Derivative 3

Li-Spec-1
L-Spec-1
Gl-Spec-1

| % | Short Description
3¢ | 3¢ | 3¢ | CONVENIENCE
¢ | 2¢ | 2¢ | Feg Lamps - FRONT

—| =] =] lssue

G| XX
nmpla:-uly Table

iiJ‘vn 1.2 k@nIFIng19ANaINany (Variant) Guawmmalw

XX [X

a1 : Elisa Pouyanne, Composite supersets tame wiring harness engineeringcomplexity,
Whiadle 20 wanAx 2558, 1idalnanhttp://www.embedded.com/print/4218314.



1n3U7 1.2 lunsfiarsandeanglnfieanuuuegazanunsn Giveaway ldvidolaidy
$1dusosiimsfinnsanlunainvatstadodsuszneuluse dunuvesynaslnl (wire hamess
product cost) , Usunanisldenn (usage volume), dessuniu (Rattle noise), ioulunisdmuiu
(option tape), 1195§1UN1588NLUY (design standard), A3uaInsalun1sUsENay (workability)
Dusiu

Tuu3snsosudfiidevinnisnuiy nsoenuuuuuy Giveaway fqausvasdudnifiefiay
vihnsandiuauves part no. lunseenuuulitidnutiosfigauinfiazvinlelaglaildddefediunu
uq Mieatos iy Funulunissznevaaeln Fuyulunisdaiu Funulunisdsde Wusu
uenaniinisdndulalutuneunis Giveaway Jaildifunisindulavufiugruvesdeyasineg 1wy
foyavonnisve Wudu fefuinerdnusiifunsiiaueedosdoatuayunisdnaulalunis
ponuuuynaeliling3n13n1s Giveaway, IHifusz U9t (system dircuit) Mungandianide
fsandefuyudugfetes lngldsanealiuuuumsdumuyuyssa (Harmony search)

1.2 InUszaIAYaINISIY

1.2.1 WeRnwinagliasisiymiwagnanssnumaduussmiududeulunisesnuuuyn
aelilusosud

1.2.2 WieFnwnsutamaedsnseumenuussat (Harmony search)

123 \ilednaugniseenuuulazasieadedieatvayinisdnaulalunisesniuuys
anelsneds Giveaway lngldlddanednutuunisdunsuuussaiu (Harmony search)

1.3 NIDULUIAANTTIRY
nnsAnwtendiskazaudteinertes fRvelddmnlunseulunisidenssil lae
anunsauandeanyUuELAINRe

Uadedase OERRHD Uadeny
- LARNITIANITANT UL oY - NIUNLLAVYR
(Complexity management) awlvl (Part no.)
MsoRNUUUYA | - SaneATuluuMIAWILUY | - AUNUIINNANTENY
arelnlusoous U55d1U (Harmony search) NAUTUL DY
1n875 Giveaway

JUT 1.3 UanInIouLnAnNIsIdY

1.4 Uszlewifianadnaslésu

141 ansans1vierunuanNansenuresnududeurainiseeniuuynaiylnly
s0eus

142 aunsnandgmanududounazandunuvesiudugaaslnlusosudvesusdv
Aogela

143 iedueIesileaduayunisdadulalunisesnuuuyeanslnlusagudaieis
Giveaway TogldldSaneafiunuun1sdumuuuussa (Harmony search)



1.5 GenuAIAnd

ielianarudlanseiulusenunsided e VoY e Rt R T N L IR BT
Wluenidended sil

ynanglnlusneus (Automotive wire harness) 1o Fudundnlusosuddvimefidu
Tnssneiidendedsinudyyradoyaseningunsaitidnmsednd sauiadusiusadulmbes
wiednelrtugunsaididnnsetindsineg Tusneud

N139AN15ANNTULDU (Complexity management) M1889  N1TAANTZNUIINAIIM
Fudousaus Hansenulunagleguniu (Supply chain), NszUIUNISlUANENITHER, wavAuNY
WiaANInALFUTeu (Extra complexity cost) 1'7iLﬁmﬁuﬂgwmiaiﬂﬂ%L'fluéfuvlumﬂma (Direct
cost), AuNUNBeY (In-direct cost)

wueLavIudIY (Part number) Audens iﬁamaﬂﬂa'mﬁ’al,asuLLauﬁmﬁq%am%’memu
Fudniluusiay SFant smlsumummwumu,awLmummwm&Jsuawumulwmﬂ'mawlfuu IGIEERN

nauieiinvesdudiu LLamm‘wum (function) w3aguwvumsldaududulaglddmiugeds
Aelmanmrudilanseiuseyfinedy et funus e way fuae deagdusiasonisiudieng 1
\losandui1uiesenis fifedonmitout U iefun vuna 8 uasandn vz sAuAIUNs
UsznIs

Giveaway yanefs nsuildlunisoonuvugnanslitifieansududou Wannsanaou
rauluransaupvessasud tnauniseantuulisguuasasiiluynquinvosynansln Tnglidiils
havunstuargnisznavlufasne uiviels

$3UVAT (System Cireuit) M1eia szutasashilivesgUnsaldianusedindlusnoud 3
Usgnoulusevaneqastiihfiivinfinendnasuudivihawiesdeetu

T9ed (Feature) mnofis swuvtazgUnsnisnnoataemnlusaoudvfidnuaanizidy
55UV (Navigator), seuudiieasnsnludi (Auto parking systern) 1Uugu

AvilinnIIAT (Lot index) nuI8Es ﬁﬂﬁuﬂﬁzﬁmééf@@mﬁmwm‘ﬁugm (Base price) v@1
Fudu Inelidayetianamsiifedaundninnandudnrnsa

nsAuvANLussE-(Harmony  search) winefis 38msmidmevdadunisidouuuy
woAnssavasinaussrensfuunmmesinaunslunsuitaiieldmsussanudeweanio
AUFETIT AL Tign
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PAfulevinsfnvinazAurimdeyannwanuidedifsadunisianisaududen
(Complexity management) lunainuatssuiiiesdes iadunsdnwwuidalunisudtom
wazmsTansiumududou siudeinunituartunousetuuusiasinisuitymie3inishum
ANUTIAIUY (Harmony search algorithm)

2.1 M3InNIsAMGULaY (Complexity management)

n1sdnnisAududeulundnsiae (Product - complexity management) Tugmainnssy
mzm?ﬁmwémﬁm%&ﬁxuqmﬁw (Finished product) \Judamlugiivnnetudieesnwuuninfosinay
MU IANsiuRansEIUInA LT UFeUTIAATY FeE it eenuuuNandueis dudosan
Usinamesdudouasliunniigay asvlnueagusislasiaine dauussnaudneg Bifosdian usily
vauziorfuiusnudeclilduszdns nmasninfinsiouresan faiduanadde uay
mMssnnsiuaududeuiuliunsannsznuamaadudeurssansuminaus nansznuludls
UM (Supply chain), nszvatnsludIenisndn, | uazdunuiisnduainanududou (Extra
complexity cost) fAndustevsmlaitegiufununisnse Oirect cost) Fununsdon (n-direct
cost)Tumu

Wei Wei (2012) louanshiindslgminisdanisenindudeusasynaiglvlagliuans
genuduALNTINIRGAAIARSAIANNTST(1)

H
c. = 1_[ v W
i=1

dlo V., fesuiuvaseriuuandnsnngldderivuailiaast waz n Aesiuiuvesiaes
weualuniseenuuy TneunfinisAuiusaauemuaniannelédesiinvesilioefozaiuisa
wandlgduendluuuuidvavesdns Ingaamdmesaumsaesiuiuiioednanun Weuandliiu
189 auufiniseanuuuifiaeiiicesnsouaguitanan 10 Maes utaeilnesiniedidulllfey
aownefte Suarlill Mduuuameidululdlumsosnuuuynansli Weaeuaqu wazuansteiy

anunsoeankuune 2% = 1024 wuu famnsen 2.1



dl U ! ! a| I3 (3
#1319 2.1 LLﬁﬂW]’J@EJ’NLLU'UWN"]GUENWL'R]E]iiQEJUG]

UYL WLQ@% LL‘UUﬁI 1 LL‘U‘UﬁI 2 LL‘U‘UﬁI 3 LLUUﬁ q
1 Navigation il Taidl i Taigl
2 Sky roof il il 1aid] 1aid]
; Electric adjustment il il N :
seat

4 Auto-hold laidl il il Y

5 Radar il Taid] Taid] laidl
6 LED head lamp 3 3 Taigl Taigl
7 Electric heating seat | il Taid] Taidl i

8 Number of Airbags - ' | 111A 1oy 110 1og
9 Keyless starting laidd il Taid] Taidl
10 Blind point reminder. | laidl Laidl Y Taigd

[
[ A

satudaduniseniazdsauladannadenlan1iae Mo algn1uasnaINNIEen

Nnuandl en1seonuuuLiotanstmugudau (Complexity) U94n1599nLUU MUAUALE o AB
FIUIUTINVDINLAD TV IMUANABIRONLUVFMSUNITHANSOBURTUNIY AU UTRUVRTIIDT o AB

c,=2° 2)

o

FITUTEAUVDIANUTUTDUT ML AIEILIsaUSTUNubean

Complexity = 1_[ v.2° (3)

=1

oghdlsfnsaunistienabigndesnniinniudsiwesdiidenunnitaossedu @/l
) namdenaidu (A3esusverna: awadn/aa1eAna)

TumalfiansdndulaBessiniunmiuandrsenaliua emumguiiin ez sasuiiu
uilaq fhaggnirfaauuandndlifanénldidon ausunsesmaafisasudsutug Tignauny
nansmanald Tunannsasudsunileiinneluglsy Igneenuuulidanuuanssmsuaunisnai
wleuey Tetadunazngranevaanainglsy luvngaanuitanududeuvesynaialndinsdiuings
30,000 tkuu

winlddnawinsldaunsasenuuunazdanisyaansln 30,000 wuulmduasalalunsg
Uftaludedudufsmisgunsaifugulusasus fufulumefoadunsidudosiuiuns
Jansiuanudutouresynansln

Wlunmsaudunisananududeouvesynatslivesusengndnsnsuiwimnilalainig
Atunsaaselul



1. ¥hmsansuauvesiiesiienn lnan1syusvateieesidismeduiungy
e Tneflgnéndesinindensedlasgrmilisvinguiififinessmiuimuaiulumnsety
Prufelififieesisosmslunguiuas

2. thypansliiifssunassiinaeuaquitunanld Samneanuinlusswing
Fupoumsoenuuuuagimugaaslniy sxvhnslafimemaqdnluiaglisndudesideignd
whesnsiaeiivioll Teivndudnsnsuddsaddfiaosduaslulugaansl sndroglunsd
nseenuuuynangliivesiuziit dadumsthynanelnuuuiefunnysenoulusasudiduaglaidl
wigdidsiiannsausussduldseszuuliih Tag¥tagilinavesyaaeliiugduannindia
fiesvesnisususzdudsszuuiniasivlugaasln Fenrsdndunisludnumgidiinle
UinkAmsasudwaniuluururesansliuasreuinmesitlisuiuiie Tnefuyuiiiiuty
d3unidunures Giveaway

3. ¥insusnuuuresgasliaanagulvejeanuidugedesy  TaeAsdliléidy
nsanauiudeulssuuaidunisfiuaansnansiutessavgaaeliunadluly S
Humsiunuurespanglitudasvhilinisatsamesiinesanas widwarnilunsandiuay
vostaesvdnaluliuuuvewpansly snmsgadulusasuddunisagiinisheniuuvosyaaslyl
waneenilu 4 wuufe yraneluduni, ywatglndunds, yaaelnvuinsnivay, wasyaasln
Tudseadusiu

Tumssiniiunislu'3 38 asilamsoandiuusuuimuaainnsesnuuugaang

971 30,000 kUt 2,000 HuUlagUIEHIR %aizé’uﬁunmm giveaway. éfaqa@ﬂuizﬁuﬁmmm
gousuld

2.2 Anudunusuasnan TN uvaIANTUFauiuAUNY (Complexity and cost relation)

Tuduilfidoneemdnidunuiifinasinnisemududoufiintu 3 Marshall LF. and
D.I. Christopher, (1999) ﬁﬂmwuiwmmmLwﬂaaﬂLﬂué’unuﬁLﬁmﬁﬁumwamﬁﬂ (Direct cost) wag
Funuiiiinduniados (ndiect—cost). Fefaduldinisdnemdunuiifaatesionnain
Uszaunsallunsviosesnuuuyaaslilusosuduazladoyeannisdunwalidmih At
\Rendodlaensaiunisnusiumilunssansooud (Vehicle €ost control) vesUseminaNTnoUA
wiwils ialdfnisfnwainine iwusingasineviideluitedina
Funuiiintuniensa (Direct cost) AeduvurasanfamimiAnainnsosnuuugaaisl Tnsdua
MNNseRNUUUIIILTBIINElasYaaEl YT oaIIN AN IVAIN AN BTy AaE LW Tadl
KalHARF U LIulaensesl

fuyuresrIadudundsifaua (Lot index) ntuandunsumsvhdayadoue

(]

a 14

RIuAaN59AnIEYIe (Suppler sourcing phase) Fuludennasseninausendnansosudiuay
Usenguegudnlunisiansainisdevistiudiu lnsandedeyauiinunmsdwedoundaiundn
Judnsnisaa dieidunsiudseiuduyunisnisunisndnvesideagaiedusaiu (Vendor tooling
cost) 191938 AATUIINNTANANNABINTVDIANA LUARALUYDITUAINUITUMTBIUUINY IR
FaluarudussaiuwhliussvinansosuiidenaUsslond eawnn1snsseaedivesnainsngus
A v v i 2 = o § v a o &
wazgAuasuLUasaudensvesgnaiiluliegraniaidinarilin susunanisdsteves



FuaAanas WluMINAURIUTENENEN SO0 UANAUABITDTIATUAIUTILNITY AIA1519VBINTAR
IV IFIAUTIAIMNATIN 2.2

= v Ao
MITNN 2.2 LLﬁG]W]’]’i’NWU'uGl’JQZui’]W]

Uhinunsdsde AP TFIANTIAN fogresayaaiglil
(Fu /part no.) (Lot index) (3,000 uW/part no.)
0-24 3.5 10,500

25-99 1.2 3,600

100 - 249 1.02 3,060

250 - 499 1 3,000

500 - 999 0.98 2,940

1000 - 2999 0.96 2,880

3000 - 4999 0.95 2,850

5000 - 0.94 2,820

NnToyaTIAranaglivdaInguavriisIALaa wuhmiadsinaimsdsdoyaasnrends part
no. #ndn 250 Fu awvilvisegnalwdnTudIug 1,022 350 wih deinavinlidunuTnves
nsdadernangligety

UBinunsddeiingndimindesdsdanenfnmansidieisvesnisditoyn
anglisio 1 part no. 16 Afeuneumin wviunsedisiatiy 6 tieutawii Gaaunsaesueld
MUINT197 2.3 Fdeng

oy

M5 2.3 kaRInsAvueRvEniANs 11N TRYANITYTIN AR

& & dl & d & & & & & a & = & a
BU | LADUN 212)7] LA U 5913)¥ AU AU LOBUN | LABDUN LABDUN

T a a

i1 |2 i3 e | A5 |96 Lhz—f98 19 10 11

Y
[

< ANLRAYUINIUNTHTD -

niinmusmuldmuin




2.3 sunsun1sansuIuvamneIavYaa1el (Part no.) Tne35nns Giveaway
351135 Giveaway L"f]umiaamwusqmmaiwLﬁ@lﬁizumws (system circuit) @11150Aa8Y
raulunatvalavessosus lneiluniseanuuuliszuuiasilunnguuuresyaasli Tnglidnil
havuistuargnisznavludsneudivielsl
Tudumeunsoonuuuaziinsnsiansannsinazannsa Giveaway svuuitashmildong
fumneia (wuv) geansllady Sduneunsfiorsandsgud 2.1

AAUAAINISITLADST
AUATBITINUA, 53 UUNITVBINFRLLAUA, ALY YRS
AETTUUNAT, AT ITAMTIAY Tatane N 50lnT dsTe

V

farsanmgaynay inifvimans1enes
1NURAIANMIN Giveaway IneNa1T9INToYa

P MY, <
NYINTUNTHID
S¥UUMRsAILNT0 L Tadle
Snuligeaaniold
$UUMATAUNSaRaNBUU TN 1ale

aen18lAINIFINAITBBALYY
A199) seli

A v = o .
Na‘ﬂl@ﬂa ‘VimEJLﬁ%ﬁﬂﬁ?ﬂiWLLﬁ%MMULﬁ%%@&i%uumﬁ]’i%%ﬂﬂﬂﬁ leeaway

JUN 2.1 wanauruianiseanuuuyaaelilimigds Giveaway
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2.4 n3uAUynIA2835NI5AUNIANUSTIAIN (Harmony search algorithm)
WBnsrumeanuussaudunisidsunuungnssuvesinauns  Aenslduuiniewessdn
aupslunsuidgiiielilinisuszanidswenaiomupitvzaniian Jainauniasiinis
UsudanazudlaialinlasnismldnivinlfiAansuszanudewesniesnusdifieliAnaa
lmszanniiandsazdnduaninpsguviesssuanulmsevesaanmidssiifiotu Taenism
Flnfuanzauiuedosmuniudazedn ietinFoudodsmeiaiomusduiasiaiosidsediu
deaunnenafulidenndesfunasiinainulngy fsmnuussarudndulag Dr. Zong Woo Geem
1T 2001 Taedi Dr.Zong Woo Geemn aulslunisiaununiuasliiiufivzdutinauslduuianan
msussinasvesinausslunsmslinfvmizdmiuiniosnundudazedalunisduiunnund
dielAneailmste amnuussanudunsiumdmeuinzandigadnisuiadegui 2.2

X X,

'
e _I_',,..-'—-n..“\
-/1.]{“;\\ /" 380mm ‘\ /‘Ell'lmm) ﬁ} F(100, 300, 500)

200mm 40mm GO0mm

\m TA0mm

= 100mm = 300mm = 500mm

JUN 2.2 uanaMsURguguse M gmNLUT A ULAZ AT AT NER

shluudainaunsas Suaununilaeilildisondmndeuiuinauniazsaunuuuuegng
wuulawuuniisly 3 wouil

1. @endlinnnmheeudianuussan tnsfinnsandalinnndeyaiineiauuiudn

2. endliindieglumhonnudiauussau uazvinsuSussiuides

3. yhmsguidensilinanegluveuiaiiiiun

MM3as1MIEANTIANLUTTATY (Harmony Memory : HM) tludiuddgaesisnis
Aumanuussay anuussauialififniduduesgnituidudnmiwommheaiudr A
ussawh 91 Wides 1 unseiedunuanuusTauivangaiiganisdumenuussaudunis
yARBUWLNE TR %aﬁsﬁ”’umaumiﬁwmﬁ’ﬂgﬂﬁ 2.3



SUAY

MuUAAINITNeS
1. HMCR, PAR wag HMS
2. L‘ﬁaulﬁuqum (TR
3. VDULUAVDIAILUTUARALA?

v

BUAUETIIMUIEANNTNTRAI TILAEN

nsidwnudlaggulviodluveuion

J

WAUIATIHUTTE UL S
1. mMsiasanaldaluniaenuIANUUTIER (HMCR)
2. M3USUTZAULELS (PAR)
3. MIFUEUAUAT

LHTIUIUTOU

9 1
\I/LU

SNLANNUIYANNINARINUTTEIY

\(

ATUTIUUTOUGIHA

JUN 2.3 Uanauruian15v191ue9?8 Harmony search

Laile
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FeisAumANusTaudunsmALmNzfigaLuanie Global Optimum) deagld

[

ﬁmaumﬂuﬁmmmm N1981809ANNUTTANUVDUASDIAUASLTNE N AT LNz dn
LASDIAUASLART YN
Tunsaudunnuns TneaiunsasSouiisuaInsimesvad s AUNIAINUITAIUAUNIT

whdgmanmuneigalananisnei 2.4

A157197 2.4 WARINISLUSEUTIBUAINISITL 85V AUNIAIILUTTANUAUNTINA AL NER

q

AAUMIAUUTTEU mmﬁ'ﬁzylmﬁwmzﬁqﬂ
\3esnum3 fruusindula
YOULIATEAULAEN YOULYAAUT
liln MfuUsngign
AUl Hantwingusvaad
nSENGou UIUTOU
Usgaunsel LURSALAUIBAIIND

2.5 YunauIinnsdumANussauUUAE s lsiseias (Discrete Harmony search)
Fumeunsurefiinmsiumantiussauassznaulie 4 Juneundng &l 1. n1s
MnuafantuingUsvasa 2. AnsivunpImI s imesn3anIuUsaIuaL-3, mia%ﬁwﬂwmmﬁw
AUUTTEN 4. TR AILUFSaL Tl 5. MSsIAVMIIBAEAIAIUTSANY Tuneud 6
mmaauanuiﬁumimmmmmau TnoilswazBuslutrasduneuteisnseumenussay fai

Tupu-L-Mvuailaidiuinguszan lngynisigusazmvueaunisilenduingUssas
Yy NABINIMIAINEUNMENE AT A

min or max; f(x) (4)

Wo x€ER® Ao namesainauilua1aseivssnaumeal n = 1 Fananiilae
Nocedal, Wright (2006) agnslsinu Weulvtaruresmneulnesssumfnae ANIvoULUIna19Las
ANNYBULAUUTBILAAEAILUTANALT AIUIIEIUNTOLARNIDRNNNLAIN

min or max f(x) subjecttox,EX, Vi€ {12,..,N] (5)

Wo fi(x) AetlanduingUsvash x Aenguuasduusandulausazsi x; uas X, Anguues

vouamneuiilululdvesfudsoanuuuudaz i Jaife x,,, < X; < x,, dlo x.,

up (o WY

Eiﬁﬂamalnmmawqua yUaULAUUYeIRILUSAndulannaz@l uag N ﬂaaﬁuaumaqmauﬂsw

BNLUU
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[

TUNOUN 2 MUUAAINIIITMBSUTOMILUTATUANAIL Fai]

[

1. MIUAYRUIIATRIANBY X, UaY X, Beanansammualanail

Xilo = Xz' = xi,ufp (6)

We i =1,23...,N sl N Aaduiuvessulsnesniuu

2. AMAUATUIANUIEAIILTIAINUTTAIU (Harmony Memory Size: HMS) Tunns
as1amheaudussau (HM) lunauiuduy

YuIAvge LA NUTIAIUYEe - HMS o sdimesiidivusuun
yoamIngmAiuTusIadRRuR aeUteslaiduingUsrasdlenld 9a1n
fetnanuAseimuanansinmauiteiiiaidemuiimueswuiamissnusn
AnusTAUazgaivunlTogfiaisewing 10 §9:100 %uagjﬁ’uwiawﬁmmﬂz:gm
fifpensmArminzauiian Seanmsauand g

10 = HMS =< 100 (7)

3. AMRUADASINITNAITAUNWUILAINTIAIIUUTIAIU | (Harmony  Memory
Consider- action Rate: HMCR)

SRS BEILIEANNS ATIUSTAUSe HM CR Aenisnilnesi
Auuaaruidtegidulunisifanadmevlunlasainusiussany ?iwzgﬂ
fvunlAiA1sEII0 0 B9 1 ondaathddu Eaavunaalidl 0.75 uuneaiudd
anuthandulunisidanaiaimevliuniigaiiusiussanuagivniu 0.75 Tu

WINAU 0.25 AN9899RSINTSNATUIMUIEAILTIANUUSTANUEIUSDLERS LA s 9T
O< HMCR =<1 (8)

4. MUUADRIINTUSUTEAULEDS (Pitch Adjustment Rate: PAR)

SnsnsususERUdeaise PAR fenisifiwmesfinivundasinisidensn
fnauiilndifesanniigaiusivssau wiedntenidodunisnfmesi
fmuanszuINMTIRerhnsuiumfneuiumieluidendmmneuiilndifesdue
Fanszurunislunisuiudidineuldngniienin nisufuseduides (Pitch

Adjustment) dputnaviduiiawvindu (HMCR X PAR) uasiinuiiazidu
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azinuAtAneuLAulaglifinisUszaudswsindu (HMCR X (1 — PAR))

LALANUBIONIINTITUSUSLAULELSANNNTDLAR I L AR T

0=<PAR =<1 9)
5. MUUATIWIUTOUGIER (Iteration Number)

TUILTOVEIEAFD MTmeTNmvuaseuNTIEIgegalun1smAIney
AUTUROUITNMIAUMAINUITAY wazasdumruanIsugalunsiAney

JuRaui 3 N15as19MIBANUSIAINLUSTEIU (Harmony Memory : HM) Junsaiis

wansndmheanudrdmivmpeusesiliiduinguszasd lnevhnnsdulvieglutiaeuniirnun

wavinsusediuaanuile lngnasuan BEM waumuluiaiduingUssashdaunisi (10)

HM Ur:] =Xl » (_xz',wp /B xi_.!o) X Tand(j" Nj (10)

2 lAMIIEAMUINAINUUTTANUAIH

%} %7 . IS )M
%5 5 Xyir— Xy
HM = i i i ; i (11)
XfME_l xii;l_'ME—l x::}'fff—l xﬁ;‘d.‘.‘—l
RS S s [ s

We 1= 1,23 .50 N e N AadnuiiuasiibUsnosnwuy
j=123 .., HMS

rand = MsduidendAnau

Funeuil 4 Wauimnuussauialug Tunswauinnuussarusalndiemdneui
wanzauninlussazseunisingrvziimssdunislumsmdineulvain 3 nszuaums fe 1.
n1siasanAneuluniisauTusTaIy 2. n1sUSuseRudsmisenIsUTuAIAmeY 3. Nsdu
@enArAnaulrlaInMUIANINUTTAUY

= &

msisanmneulumiisanusussaruduismslunsadrefneulu () Fadunis

denArdmaulainuileglureuivnves HMdmua (x) — x5 uaglunsdifeaiuves

° Y o ' = 2 Y  ax Y = o o a s a
ﬁq@@USUaQ@’JLLﬂﬁaus] (Kqy enn Xpy) ﬂf\]ggﬂLaaﬂfﬂ'}ﬂ?ﬁﬂqiiuaﬂUmzLﬂﬁ]'ﬂﬂu FININULABDIN

[

Fndudaeirualinaualsvitnfe 8ns1N1sRANTUINUIEAINNIIANNUTTANUNTD HM CR F9ha9

1 - LY

gniviualvidAegsendng 0 fia 1 e HM CR fAegnsinisidenaidinaunilsaigniuiineglu

Y
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MeANUTIIUTTAIU HM wae (1- HMCR) flednsvesmsduiiendimnauniliaieglugiay
wnfmeuTidulule deaunisi (12)

(12)

x' e fxl x2 o HM5Y  with probability HAMCR
xl e i { g ey ]’
' x; € X, with probability (1-HMCR)

ﬂixmumimiﬂ%fmzﬁmﬁmu‘]umﬁvﬁ’wLﬁumﬂmaQﬂfﬁ’mummﬂmwwmﬁma%ﬁmﬂmﬁﬂ%’u

seAULdease PAR feanunsowandlasagunis (12)

Yes with probability of PAR
Pitch adjusting decision for x; <—{ , o . (13)
No with probability of (7-PAR)

N5¥UIUNITNITUTUTEAULAYIREANTUA TN 91NN TN SduL AN AN B UNTIAI91N
MIANMUTIVTTAUIIUY wazaRnTaviansUsuAAmatnAlndfedasnsiitAIveAInay

Auduauananuviduiionmmialaea1nnsifines PAR G301 x; (k) = x ¥ falua1ves

Y

nsUsusdudsaseiiy x, (k +m)dlem € [~1,1}

wazaavnedunszurunnsduidenaiaineuluntennudussaunieluveundinauil

ausadululd Tngdievinnasdumadiaouiuun =M umdinaulmiluniieainud
xVew = (xNew | Newy Gafunisduidonannveuiaineuiigniminliudinousu

1 Ll " ¢ q U
Xyge S X < Xy 9AIANNLEILITUYES (1- HMCR) waznszuiunsdudenarAneudagn

TglunsasremmausuaulunLIe NI U AN UDNA Y

Fupouil 5 SnipNTLIEARNSIAIIITSSEANY

MnsSeuiiisusneuluntis ATEsIusTaI- S mnnusIne Uiz ausalg
X = (2,205,005, 0y, 0, Xy) ﬁaﬂ’j’]ﬁ’sﬁlLLEJﬁEjﬂIuMﬂ’JEJﬂﬁiJ‘\T’]ﬂ’J’]ﬁJUiiﬁ”lu (HM) agyinn1s
wufidmeusilmiadudaduunm

Jupaun 6 aTvdeuReuluNINgAMAINeY WaaTuIIUTBUaaanlagnAmualily

a v ° = o Aaa o 1 ° @ o a
G]E]ULiEJGmf\]sWIﬂTiLaE)ﬂmmmauwmfjﬂwagiuwuaEJmmmmm*U’iimu (HM) yndumssun

12

wingauigaveilsnduingusvase
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2.6 MATeAEaTes

Wei Wei. (2012) la@nwiuazeeniuunisinnisanududeuvesynanglilusasud Inegvi
nMsaLLUUTaemeswunuissneulUfmefuureIdnan AeiLagdunureantsnan Taoiy
M3 Trade off temszAuvesfunUMIEaLTigassninsaududouaInALMAINYaIsYes
nAnAaTuarFuUveINTHAnTiTnansznUINANLTUTuYesyAaeliy Fununsianis,
Funuiudaeds sndsdunuiivedliiviuineg wuusiaesiunuidléisves Monte Carlo it
wensainsidsuudasaiudesnisvesgniluouinn wazld MATLAP  Tunisdnassuay
Usvanana daaiildannsnansiuinremneiariudiu (part no.) WALANLITOAARUYUT IO
n1suanadla ImJLLUUﬁi’ﬂaaW’Tunu%ﬁwmiUisL:ﬁuq'mmmmam%udawuawmawlﬂéﬁLmuﬁ
ansaldfulduarlifuuiuesnimaniifosiian fuiulsansafvuauagnaununsdiie
maneavtudresmanglnldoghuvanzas

Sharon Novak, Steven D. Eppinger. (2001)Wﬁﬂmﬂ’mJL%aﬂmwwiwmm%’u%’aumaﬂ
wAnSuTTuNITIdvEeTusia iR Ran TitaRLaIngnansusneud lun1ided
eAnwinisdnduleludidenlunsFaaisntudiusyninanisnantuniely (In-house
production) funssamannnaeiien (External sourcing) Wevhmsideillasmsinavladesognail
et Tagld3gnssuanslunsndau (Property right) Tunnsuaasliiiuinnnududeulunis
penuuUNARS s iunssIudlungaR e s inandudoediauinfudTunaz iy Tnona
nsfnwwut mandntumeluunlfdunademnanilunsdfifinnududeuvessindosigs
ileannuidndesnsinwilsslgvinnnmasulunsianines funiseenuuuiidudou uas
meideilatinmeaouaaRguiliaginmsasiuuominEYsedinaansindeyavoinis
HARSEUA Luxury | segment - tugna massusouus Felemuinnngdudeuvendndaeiunis
susluswnsdinuduiuslul@iurneas iy

Lindemann, Matrer,~(2007) ld@nenisnsdnnastumnndudeudiintuludunouns
W wansousl daldinauoibiazuumeivaslunAiesgi, fnan, uaziiuussansamgegn
Tuduneumseanuuumududeniiflenuiisatsatulunatnuaielani Tnsmsinanmindvans
Tniwusntelunsdvdganisidaadstoganag ilesnassnsvasrnududouiifeiusuiy
ansariliietulagnasienuegeanan uenaany ssnisudsasnsaduenudulldlunis
Jamssruvuulasenevedamunely Gaduismsiumre audmiunsiinneiguifieaiuaiy
iilaievesfidanu wnnindvarelanmshldannsafasimunanuluvasgsulindoudu

Marshall L.F., D.l. Christopher. (1999) ﬁWﬂWiﬁﬂmmaﬂizwumaqﬁunumﬂmmwma
‘wmmaa@hwﬁmﬁm%‘lwﬁy’umumiﬂﬁzﬂaumawﬁ,@aﬁw@asﬁagamﬂmamﬁﬂizﬂau (Assembly
line) Tnewan1sAnwnuiarsmannvatsveseeudulunsusznoutudhlifansifiutures
AltIngluaen1sudn (Production overhead cost), ﬁunuluuﬁlm%umu (Re-work cost), fiuyu
Tumsdanssziuandnends (Inventory level cost), HuyLYBIUTINULTLIAN (Extra labor cost)
Fanansznunnduyuvesssnuiiniuiddufounioniiosesiufuaenissznousaguiuuy
JunauNaIy (Mixed-model assembling line) fufsnnTumniusuifleufuaudesnisusaay
NNNsHAReTe FaRndudunuiigaivan wazannissiassanestdunisuszneu Taensaiusiu
souduluansnsUsznouliioansefuvesn T suus Ay Falviliduyunisndnnios
anaeuiu
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Scavarda, Schleich, and Schaffer. (2006) la@nwnluiivavasnisinnisaududouly
gaavnsTNARsasuiar Iaiuluiinsvesnsianansenuandunuvesaududeuiinty
wazanuuanesludura N st skAn ST AR T ulmifunanditogud
Tuinendnusissyin 1Westuresnududeuvosuuuualddiofianunsnszyfunuvosaiiu
Fudeudadunaunanudndusiuazaunainaisiifsu nansinwiuansliifiuiia
vannvanevenansnsiinulusamislvallilldimuslastadouruanaislulssing e
isugiaLarnIsisieguastsunanlulsmadue
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A5AEIUN15IY

Tuunilaznanteaisuuazsgazdentunounisuesisatunuidulunisundaniaig

U

Fudeureanseenuuuynansllagliidnsudtameisnsfumeannuussany Jeyinsidold
fnmsoonuuulazaissyuvativayumsindulalunisesenuuuynansllusosudilelildduau
vesyaaelifmanzauiigauaglFidunuiidifgn luduneuniseenuuussuvatvayui
Fin153381dvinnnsfAnu 3B nasuitamn daeisnsdumanuussatunvudnsldeides
(Discrete Variable Harmony search) dsisngivanzaufunisnitamlunsdlfedne gnusvasd
nénvesuniidoiiielimutudeunisadniuarasnuuusiaiantattuansouwuIAnlunisaihg

[
a

szuvatuayunsindulail Fsauasauuseeniluiidendifgyludunendinisdiiuanuidelansd

3.1 MsAnwauIde Ml wdnnsuasu Al es
3.2 %y’umuaammuLLazﬁwmisuuaﬁuauumi&l’mﬁuiﬁ]

3.3 Msvegeunsidausyvuaivayumsdnaulatunstifinw
3.4 MIRTzinalasIBuWiguRaflsvoensaifine

3.5 asUnanindenazdnyisUiaaineiinug

Tnousazdunguvesisdniuauideag UssnoulumetunontosiazseasBoaludiu
$199 il
3.1 MsAne1aIuATe Mauf usnnasiasiuaRaugLliiaTes
HvINNFITUAINNTAN WL ANAINIUATY MANNIT Mo Yd) Lagiufaiuguiiieates

1%
1 g

wiounadnwiwwinian s luusegndldvs et lUU TS Inadluuannnisfnwiiideinineades

0
i

e

1. Anwwazauaiiigifumaianissenuuuliioanaidudeulagniseaniuuiiions
Fanseunuliiivseansningegaiwulaun Design for complexity management,
Design for cost optimization, Combinatorial optimization tJusiu lne@nwilw3a
wRakarkuImioRiieotunldlunsdlfinu sautinsdnmduaiinuide
#1199 ﬁﬁmiﬁﬂ‘ﬂqwﬁ%‘%@L%ﬂﬁﬂ%ﬂﬁﬁuu’]ﬂi“ﬂﬂﬁﬂ%’

2. ﬁﬂmﬁumwmmmfwl,l,avmqwgwmmﬂmﬁﬂmmi’]mmmmﬁmsﬂummmmimu
(Harmony  search algorithm) fuvuFudsraidesuarlideiies fannisinw
wuilunsdifnuniivhnsiseidasdusudsuuulidedes (Discrete variables)

3. Anwimsiuiunumseeniuuiastadeinerdesvesnussnuuuyaaglnlusasud
yosuFTmnsdlinuiiothlugnmsesnuuusyuvativayunisdadule
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3.2 TuURBURDNLULLAT WA SEUUaTUaUNIsAnauTa
321  TuRBUAINIINVBINITORNLUUKATAIUN Sy ULatvayunsanduladmsunis
gankuuynasln ansauanalinigun 3.1

AnwntadeNne 1 U8991NNSFIBE1LAaYINNITAINUA
Henduinguszasauasiusdnaulasiieg

nsaeseuvativayumsanduls lagviniseeniuusme
MW" Visual basic 6.0 Uu Microsoft Excel version 2010

MA59NLUUALUTIIUAY (HMS, HMCR PAR, Iteration)
Y99IDNIAUMANUUTTEUAMLNzand msun ATy
dnsunsalfingd

l

uszuvadvayunsdndulalunaaeddluauainnsdifny wiey
Madunnuaila

AaeinaiilannnIdifnwwazyiMsUTu adaun s asUedTTUY
atvayunsinaula

JUT 3.1 uansusuanmsiunisesniuulagiaunsruuaiuayumindula
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3.2.2. syafisy (Pseudo code) VBIITNISAUNIANNUITANUBUUFILUSANUADLIDY
(Discrete Harmony search) mmzmmmﬂﬁﬁdgﬂmwﬁ 32

Start procedure
Define objective function f(x),x = (xq,%5, ...x,,)
Define Harmony search parameter
- HMS : Harmony memory size
- HMCR : Harmony memory consideration rate
- PAR: Pitch adjustment rate
- NI': Number of iteration
- N : Number of decision variables
- 1 : Set of decision variable

Generate harmony memory matrix with randomty

For NI = 1ton =(1,2,3,..n) do
Fori=1toN;N=(1,23,.N)do
If (rand(0,1) <HMCR)
Then //memory-consideration
el h= mali) /g€ (1,265 HMS)
If (rand(0,1)<PAR then // pitch adjustment
T p e/ Ty (D21
End.if
Else // random selection
7 (D) =_rand()
End if
End for
Update New Harmony memory if better
End for

End procedure

U7 3.2 uanssvialiien (Pseudo code) Yd3EN1sAUMANNUTIAUMUURLUIA LBl D
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3.2.3 FunsumehauresiinmsfumanuusTay

Geem ZW, Kim JH, and Loganathan GV. (2001) $umeutesisn1sfumaruussay
Usgnaulude 4 dupeuvdng dil 1. mssuueilsidutagusvasd 2. masuusswniines
MI0AIKUIAIVAN 3. N1FATNNUILANNTIANUTTAI 4. MITHAIUIAINUTTAIUFIIIA 5. 119
Smavmisausinuussau suneud 6 annaeudeulunimgavdinou Tnedusuainnis
AvuaaunsiliiduingUssasduasimusmsmesGusudssznaude

1. WASNYANTIUTIEIU (HM: Harmony memory)

2. PUNAVBILUAINGNUILAINTY (HMS: Harmony memory size)

3. 9RI1N1TNATUNLATNGANTN (HMCR: Harmony memory consideration rate)
4. 9m31N13USUTEAULES (PAR: Pitch adjustment rate)

5. $ruusevlumsing (teration)

Fandrnniduszihnisasinuningarisilagnisduadulsudasuinanadnsvos
aunsileiduinguszasd ugniiadudsannsdugrdmiuluamindanudinauunueaHms
Mntuazdrgiunouvoinisfumeiulsimngasiaalsedmasdunislunismdinoulnd
31N 3 NFLUIUNT AL

1. msarsandneulumiteamdivsaiy

2. M3USUsEAUEEIEaNISUSUAAIMOU

3. MyduidanarfraulntaInNuaEAIINIUITENY

MNANINNITALIENIN9.0 B9 1 11ANTNAYRIRTINTRI SUNLNINTANT (HMCR) 9
yhmsidenadudsannumingandfaddbineusiu tsraa1ainnisduseving 0 fe 1
AvesdnIINTYUTEAUEL (PAR) azsinisidenaandrdausitndidsssdaluudailuumuenly
aunsilsiduinguszass tazvhnasuvingiauasunsiumntauds santuiinisuieuiiey
maawamﬂm5Lmum1uauﬂﬁﬁﬂﬂﬁju’amﬂi“mﬂmﬂ‘wumwaawmmwvmmiﬂiumﬂmmLL‘LJW
Anirluwssndaud afudsfiuninzgnatoentd sarnisyismudunouiivmnasiaiadu
auniisrvessiuauseuluisie (keration number) mﬂuumimmmLLUiquﬂaaﬂmmu
Ameulumsuidam Fausudansinaaansouanddfign 3.3
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F () sfuinnulszacd (Funusaiavua)

x; ¢ Fulsdnfula (vinaasamelv)

IV Sauisvu iR sfin fuls
HMS: ﬁ]uﬁﬂ‘ﬁ]'ﬁﬁﬂ’ﬂi«‘sﬂﬂ‘ﬂi—aLTm“ﬁé

HMCR : armmsfisnsaniuanus.

= . =
DADR .« & manmas |5 esdsnRes

Yunauil 2 :N15guduguazaienIun
——>| i =153 HMS

[

quingrueaugade I

V

o lot index,swangaaoly,

\4
FUABUT 3 : NSAUNIANUUSIAIY JuApud 4 : M3U3uYTIANLE
=
i=10aN
J Aumguunovgamely  [<
Yes No v
A fix)
AongruIIIAYYA quIVgHINBIUYR
aelinanud anelil v L;inmw
suuluaud
No
rarnd <. PAR
Yes \ o \
Uiulgagrineavya
A o 1 v @ o 1
FANLIUANILAVYA .
ANTVGHINBIDUYA 7 I o'l luanus
aelnl1lndiRes el >

YUADUI 5 : nsIvdauaulunYn

%
Yes No
. 12 g
AWMU maruaeun 3,4

JUN 3.3 wanauruianisivaveunsasleativayunisdnaulameisnisrumanuussau
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3.2.4 FumevisnseenuuuiuUsBuAuresisnsAuIATNUIEY

Geem ZW (2006) nanvindlesainnisuddamdeisnsdumeanuussaiusndudead
MIfMUAGILUSSUGY (HMS, HMCR, PAR, lteration) Whnunzaufutlymveansalnuiiolils
Ameuiiafigauaziiuszansnwlunismeineuia TunsesnuuuiuusEuduivanzaugidels
nsfneduaiinuddedugiildnsuitgmaieiznsfumanuussarusuuailideiieds
Xin-She Yang (2009) lévmsdnuuasiugiinandaud siudufliomngaudsd a1 HMCR REEEAZPRN
0.7 14 0.95 uawA1 PAR 2g5¥1719 0.1 014 0.5 UagArves HMS agsening 10 fis 100 9niuv
nsneaedasmsasududssuduilasnilueziulstudlineaauls Tngvinsiea 15
sousianIsUasuAfuls 1 A1 wanfiuduiinuadiléndouinisiinszinaifionAvesiiuls
Buduiimngautunsdifinu mnduihnmamaseutszansnmmameineuteuaiesioatiuayy
nsanaulaillnenisaaeddeusiuaiuaetnisiie (teration number) léiA 100 1000 3000
way 5000 lngvimslinngfinadwivesdugusansianynandlil S1urumneavyaansliiliann
nseenuuulneiedesdioatuayunsivauls e ldlumsUseinana uaznisgdmdmey

nsimuRAiaLl s uE S UTURB U ATs AU AL UT ST U e sinn s saun e
wanganfudgmiidesmsnsussssauasy \osavindues HMCOR fergunndilng 1
azfnavirlianuiiazilulunissumidineUlmilundieaudivssaauanas waglunisnduiumin
fvundves HMCR dnunnidhlng 0 agfinavilsimsfumdnevdinnzasiigalumieniusiussay
Wuanag

3.3 Msnagaunisldnustvuatiuayunsangulanunsaifng

v sIdelsthinsesiieatuatumidaaulalumsesnuuvyraelnlusasudlulély
UitmnsdAnudvhaiafivauinsreeniuiudiusesuslisuusennarsas udusianis ae
m'%"mﬁ'aﬁgﬂﬂﬂlﬂlﬁi’ﬂu%umau‘ummmaﬂquéheﬁ‘% Giveaway - dtdunsannnududounenis
sonuuuynagliilagnisngreueenuuUlvaiisandiu eI siautaae LN ian 3
mnmsinuluuiEniedunseeniiudnune Tasimsarnnsseniiul tsseSuduuasidiuin
funliuvemnanuyadelfiiuiu Inefrimnsesnivuimihitlummadeunisldindosiio
atvayunsdnauled wagldiinsSeuiftsunatumseenuu tludlagtulduszaunisuesiiu
AMINTEANKUUNNUTHEIUNANISNAABUAMY WarnadInnsnaaeunsldaumafinn1sideuas iu
ennsoonuuuldfiuiuasiuazefuienanaasunisidriuaiddunisesnuuuynansl denanns
naaouiilduarduunihaniivimnsazinliuiuusuazuslusely

3.4 MsnneinauaziUSeuiisunailldvaansaldnen

wafildarnmsldiadosdeativuyumsindulalunusenuuurangliagm e seinauay
Wisuifeufunamssenuuuiediuimnseenuuulutiytiulaeivhdensussadiudwielud

1. funusamvessnsudugaaslniidudunusineesnistegnareliionaiily
J2EvLIaN 6 Lo

2. nathilldlunisesnuuuszrienisesniuugaanglildausian s feyaidesiuly
nsepnuuUINRiasanTuislinadmsvsnsesnuuuiuaniine

3. Sunuvesnoiavyameliliilsndsannniseenuuumes Giveaway
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3.5 asunanuiduasdavinguiauIneninug
AanginaragUnaiildannmsinvnmaudtymideisnsiumanuussandutigmlu

nsdifnwuazrafildannsliiniesdleativayunisdadulalunisesnuuugnanslwlusosud siud

msl,auau,uzLmeqmi‘tJ%’uﬂ';aLLazﬁ’mmmuﬁﬁaﬁﬁdﬂ




uni 4
NaN15ILaTeAUIIUNA

lunmsnsginaideluadedidindoyaildnmasiidunuidagiuiildnuidreonuuy
Fudrusosuduimianuszinanadlngldssuvatuayunsdnaulalagldisnsutlatgmeae
fupouisnisdumenuussau (Harmony search algorithm) figf3deldas19tusn Fanshiaae
wadmsannslsruvauayumsindulauasamaFeuifisuasiiauslushdeduelud

4.1 anunsainiseeniuueaslnludagtuvesusendiogng

4.2 naildannsdifinm

4.3 maBsuiisunailgszniinisaniutagtuieznslfindesiloatuayunisdadula

4.4 M3oeNLUUNLUTELEY (PAR, HMCR, HM. Iteration) Musngauaesian1shumaI

TR Al

4.5 NFIATINUSEENBAINVETIINTAUMIANUTTA N

4.6 N3asUNanlaaNnAI5Ide

4.1 ganunrsalniseanwuugaaglnludaguuvesusendlagne

Tuussnshedefigradalmiamdunsdfnulumsidtgmduduooniviimindluns
pRNLUUTUALTnBUdLag AR ThsuRli LTINS sudinemild ddudrusnsusdiiinundu
nsdifnuietuduranelnddliultimeseududouluniseanuutinotumunnudeanisves
sruuuazgUnsalliifasenfivantuluusiasd

felutligiuuismintseoniuuiudanlifusosudgusinsflivuinsasuddsdiuyaaa
yuraLdndvuialng Tufesansyusvsmnuun 1 fudewuiu Ingluldassusagudiiviinis
gonuuuIzdinisueneenunduiudesanunlufeInisvetunasnquanflLazdofnuanse
mm%m@mqﬁiuu@iavﬂsvmc&iﬁmuwﬁu e?iaﬁﬂﬁﬁmmmwmfmmasuawmmaﬁu%uehwmmsﬂvm
mmwmm3aaﬂLLUULwaiwﬂaaUﬂaWﬂqiumaasaaummvmaaﬂmw degratulunsddnmi
Hussusitdsduyprariananijugssroma 10 uges Tnslutsaziugony V\Iwaimmﬂmaﬂu
oonlUdn 8 Maedlduszuuiuiadeu seUUIUTN, Svuuganisdy svuumuauliin uavdus da
minniseseniuuyaaliitliliddeianisesnuuuiliarunsoldsauiuld agdduiuves
mneiavgaasnidossenuuuiis 10x2° Fawiiu 2,560 wuv ulumsufoiniseenuuuaetiul
Anseenuuulaeenuuulvaansaldsuiulalagldisnis Give away uagluuisuuulaliilugng
ponuuuTuosaniuananianisnatn dsinnsidelsesunsliudrluund 2 Fsanunsavinli
Suumneavvesyraslnieenuuuldivdeiios 135 Loy wseenilu ynanglwiszneulud
yeaAIeseud 11 wuu yaaglniusznevluieonniessud 28 uuu yaaeliiivsznauluvieg
Tagans 36 LUy gaaneliiiusznevluduunenuam 35 Ly warynanslniszneuluduyineves
sapudan 25 wuvdsiuiuvemneavyaagliiifuintusnluewasmndinisudsunuasiu
uarliaesmafiniy
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Ing¥agtuiliianseenuuuasinnsmumunisesnuuuiieandnwiunnglavyaanglnly
N UiveanAnududoureiniseaniuuiazfaslifiudmnsianun 3 ausiuiaimnse1ylanyi
minfndulanaznsigaunUgNAeIreINITRaNLUY BluuiarasenviinIsnunIulzaealy

AasaukaziIatAoud19u1IngWuegiuruinvesaududouvesynans bnluidas Judaluy
{vinsidedaduasesdleativayunisandulalunisesenwuugaaialnilunldnewidaymainy

Y 9
v v

FULDUAINAY

4.2 waildannsaianen
Mndeyaiimndunsddnw Wunsesnuuuyaaslniignlivsznevludiuvessies
\nseseuddmiusasudtidnyanavuianaluuIsvesnuuusnsuduivils Tnetaqudidnou
vosyaslnInNNIeenLULR LA oy SuFLauRetlagiutua 28 vaneay wasviniseenuuy
Tnelduszaunsaivesfinmuimnsoonuiu delunmseenuuyluss ey Sududuiineuiaing
oonuuuldldfinsanisiunursiomafionaifindu mndiesudiinisoonuuugaanglliing
ﬁ’uaLUﬂLLazﬂaauﬂqmaqt,l,@ii;usuaﬁaawmhﬁ?u
mnmaedesdlefimivauuntsinduladineenuuuiidvinsifolfaedu dilunnaes
TfunsdiAnudretunuildnadwssed diianstumsnd a4
P39 4.1 uansnadwinlianiaiestleatuayunsiadulaluniseanuuuynansly

Base P/N Candidate P/N Part price Circuit cost Lot index Part cost
1 7 3487, 59 1.02 209,848|
2 21 3137, 951 0.98] 2,923,621
3 10| 3884 122 1.02 483,325
4 14 3238 540 0.98 1,713,550
5 19| 3420 21 1.2 86,184
6 7 4441, 64 1.02 289,908|
7 16| 4033 34 1.2 164,546
8 21 3045 1616 0.96] 4,723,891
9 5 4482 37 1.2] 199,001
10| 14 3070 22| 1.2 81,048
11 10| 4171 79 1.02 336,099
12| 24 3352 1339 0.96) 4,308,795
13| 14 3409 1410 0.96] 4,614,422
14 19 3128 26 1.2 97,594
15| 21 3248 760 0.98] 2,419,110
16 10| 4107 36 1.2 177,422,
17 22| 3521 915 0.98 3,157,281
18| 19| 4050 96 1.02] 396,576
19 16 4053 40| 1.2] 194,544
20 21 3033, 767 0.98] 2,279,785
21 5 3226 131 1.02] 431,058
22| 7, 3608 32| 1.2 138,547
23 22 3101 1037 0.96) 3,087,108
24 10| 3493 90 1.02 320,657
25 22 3573 124 1.02| 451,913
26 7 3084 422 0.98] 1,275,419
27 9 2996 874 0.98 2,566,134
28 10| 3283 1916 0.96) 6,038,619
Total cost 43,127,184.86)
Cost_min 43,127,184.86| THB.
Running time 8.312] Min
P/N remain 10| Part no.
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Mnuadmiilun1997 4.2 aunsnefuisTeaiduanadmianiaiesiloaiuayunis
dinaulalaad

1. Base P/N wmaﬁwmﬂLasu%udausuaﬂsqmawlwg?qLwimsaaﬂl,mﬂuwwLémﬁuﬁaﬂagﬁu
dlunsdifnunilfivionun 28 mneian

2. Candidate P/N vanefisvsnoiavyaanglniiidunadwivesniosdloatuayunisdadula
iuanseenun Tnsmneavyaaslidamsoiluldlunmsfiasaneeniuudeds Give away 1¢
sndegraulu Candidate P/N mneian 7 ansnsavlduiuiasunierinssuuisasudaaunse
Huyudt Base P/N vanetaw 1 14

3. Part price WJ’]Sﬁﬂiﬂﬂﬂﬁﬂﬁﬂﬂiﬁ/\l(ﬁia%ﬁﬂﬂuwLﬁ‘lJ%uﬁ’m‘UEN Candidate P/N

4. Circuit cost vanefsdunuuesszutigasiideadianilulusadentiisvosynanslnds
gt lulutumeunisesniuuie73 Give - away sndaegingu Base P/N maeias 1 iy
Candidate P/N wanglay 7 Z91uruvosssuuasasiiunnsitsiuog 13 svuui9asdenndednis
oonuuULileth Candidate P/N msneiae 7 TUIHimuit Base PN munetaw 1 sgdioaifindunuues
sruvaesfinuieiudutu 59 Uy

5. Lot index vanefitsafingmaad daivnisidelsosutsnuazdenl iudluund 2

6. Part cost wupfsduvuTIAteyaanewniwineeuiisonihnsdtetmunn
USiumsdstoluszorinal 6 ifew engogaii Mty Candidate P/N wineiae 7 Tuldunud
Base P/N wuneiad 1 asdifuyusavesgaansliiivosdsdorisnunluszesian 6 Wouwiiy
209,848 v

7. Total cost varpiwuyuTmvssaTaatelwmafdagndsdalussozina 6 ey
YOINVINELAYYRAIE INVEINITEBALUUMIETT Give away

8. Cost_min vanBRLu T e ynang it ndisiaadldannadosdloaiiuayy
nsinauladl

9. Running time vinefananiifildlunisuszinanasasaiosdoatuayumsdniulad

10. P/N.remain nngfisdnuquuamimigiavyaaiglnyes Candidate P/N #lanunsaunluly
unufl Base P/N 1

uarnuadwiveneiesiloatiuayumtadulad annsaasUldsad

1. RSWUQUﬁMWHLa‘UGQWﬁWﬂlWﬁﬁﬂWi@@ﬂLLUUﬁV’Q%Mﬂmﬂ 28 VINEAVENTANAIGIEA 10
VRRIEL vﬁaﬁ@m‘fluﬁi’maumawmaLawqmawlw%ﬂaq 64.3%

2. éfuwus’mﬁy’mmmaamaﬁ"&%@%mmdwLﬁaﬁwmﬂiVﬂa‘U‘luiaauﬁmm%maﬂ‘%mmmi
d¥osanth 6 oy mwuiawwm 43,127,184 mwmmusmmaiw 10 vaeLaY
szmmﬂLUumums’mmmﬂmmwmawlw 28 wanaavazidu 58,325,246 U @
mﬂmLﬂsm:uaauuaﬂguﬂﬁmmaﬂwmmmmmﬂ‘vmmmﬂiaaﬂLLuuaﬂmunulmm
15,198,062 unsal vsaanadu 7.35% LLazmﬂﬁﬂLﬁuéfuv;uﬁammsiaimuﬁ 1 Ay
Windiu 270.3 UResasUR 1 A

3. nesdieatiuayunsiadulalusenuuuildinariomn 8.3 wiilulszananadioly
Tdnadws lnodn1sAinuadiudsisuduresddn1sAumIAIINUssaIusal
HMS=10,HMCR=0.95,PAR=0.5 LL68§WUQU36UVT’16§’1 (Iteration) 1,000 s8U
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4.3 mawSsuiisunaiildsevinanisauiutiagiunaznnsldiniesteatiuayunisdnaule
Tuidetiazesuenamaiouiisunasudunusuvesnmanagln naithildluns
2ONLUVLAZIIUINYBIMINEEY (Part no)gaanel lnenavinnisaduauasslutdegiuluna
mmu’%ﬂ’waaﬂLLUU%u?iauiasJuﬁLmeﬁq Fadumsesnuuuynanslnilfluduvesionaiossud
dnfusnsudthiduyanarunanas Tnefidnnuvemsnsavynas infioonuuulfluthguome
28 vaneiavdseenuulfannsmilulssneulussudrauaguiinun 10 JumuaUaresssus
Tuusiazsu waglunisafiuniseenuuuludagduvesusunnsdlfnuwiilaundnlufivieinsesnuuy
fadu 3 Auiivhuthiifuineuniseenuuy Feiimdndulauasnisnnadeunnugniedunis
sonuuuiuazerdunsindulavesimnslusumisenladeiiuszaunsafluniseeniuumnniy
Huaussnaeuduaavine Twansisuievazesuneldielud
4.3.1 NamUTeufigusunuTINgInIgaas i
Fuyusmvesnadudangnagll s ssuisunatidusunusiuveanstoys
aelwisuaiiazhunssneulussosia 6 wou assadeypanslnluusasmnearazunanneig
ﬁuaaﬂlﬂﬁﬁuagjf'fuﬂ'%mmmamwﬂumawlw é’qumé’ﬁtjﬁmié"asﬁaﬁumLwiawmmawmawlw%a
unnssfuenlunusuaumsdidess 6 WonuassununIsdansidetnsenuuuliiins Give
away ﬁ@‘iﬁaié’ﬂénﬁué’ﬂuwﬁ 2 Gﬁﬂuﬁm%’aﬁ’lﬂﬁﬂmmﬂﬂﬁaﬁunumﬁmmiﬁ'u 9 LU
Furunnsauds fununisdaiiu 1ludu esainnnsdugudnaneguanmileveuiunainy
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2. Six month purchase vol. & part price fip TayaN15AsTRlUTEEELIAN 6 LHIDULAZITIAN
yoanglsemieveduudagvingiay

A B C D E
1 PARTS NO PATR NAME Volume Base price BasePrice*Lot index
2 1 M _E25. VT KYLE HALD_FEND R AMER ABSLESS 53 3387 34547
3 2 RHD_S20M/ THYLS HALD FENDR AMER ABSLESS [29 4636 45433
4 3 JPRMI G.0WT KOS HALOFERDRAMER LD 114 3711 37852
5 4 PR M1 GCYTIKEYHALD DOOR_AIMER VD 526 3133 30703
6 5 PR M1 G ST IKEY XEND DOOR_AIMER VDT 9 4603 161105
7 A RHD._S 26/ T KYLS HALD FENDR_AIMER 58 4428 45166
8 7 RHD_S2G_M/T_KYLS_HALO_DOOR_ATMER 4] 3715 130025
9 g RHD_52G_GWT IKEY_HALO_FENDR_AIMER) 1494 4506 43258
10 ] RHD_52G CWT_KYLS_HALO_DOOR_AIMER. 28 4224 5068.8
11 10 RHD_52G_GVT IKEY_HALO_DOOR_AIMER 8 3769 131915

SUN n-7 uansiiegnetoya Six month purchase vol. & part price

3. Circuit cost table @8 TOUARUY UV TTUUIDT

A B c D E F G H 1 J K
AAT AA2 AA3 AMd AAS ALG AMT AL AAD AMO
ENG_CON [ENG_GON [SUPPORT [ENG_.CON |FUEL PUM|STARTER_|STARTER_|STARTER_[STARTER_|STARTER.
T S2G THI|T S2G THI| S2G THL [T MIG THIP S2GMT  [S2GMT w326 DK [S26 DX wilMIGMT
onG oNG 1 ith PUSH th PUSH
27.00 B8.00 23.00 17.00 9.00 17.00 1200 1200 2000 11.00

JUN n-8 uaniiegnetaya Six month purchase vol. & part price
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MINUHUURAAINAENYINSUsTINaNaveRAsasloatuanunsindulaaiuouandlass

megslugy n-14

& | B

> o E F
, Base P/N |Candidate P/M Part price Circuit cost | Lot index Part cost

2 1 12 3835 1308 0.56 4,554,357
3 2 23 1882 B35 0.98 3,831,281
a 3 21 3684 122 102 283,325
5 4 26 3337 532 0.58 1,739,778
& 5 22 3413 53 102 324325
7 g 10 1838 72 1.02 340,458
B 7 26 3266 1514 0.95 6,001,079
] E 21 3437 1578 0.95 5,208,543
10 ) 2 2152 37 12 199,001
11 10 22 5213 545 0.58 3,304,045
12 11 14 4187 1585 0.95 6,290,549
13 12 31 3352 1333 0.55 4,308,735
14 13 16 3541 1404 0.95 4,772,701
15 14 5 3055 23 £32 85,450
16 15 ] 5272 £65 0.28 3,440,020
17 18 14 4284 37 12 180,210
18 17 13 5718 E 0.8 4,607,350
15 18 25 4173 ) 1.02 417,133
20 10 11 as20 70 102 322,358
2 20 25 3875 1474 055 5,200,272
2 21 15 3117 220 1 585,740
23 2 25 3521 515 0.58 3,157,251
24 23 13 3138 1085 0.95 3,205,553
5 24 22 3853 1480 095 5,048,102
8 25 ] 4208 735 0.28 =,538,500
27 28 3 3158 1863 0.95 5,057,548
25 27 25 3088 1857 0.85 5,501,474
25 25 17 3333 2022 085 5,452 753
30 Totsleost | 7790871280
31 Cost_min| 77,908,712.80 |Te.

32 Running time 8.312] win.

33 P/N remain 18] rartno.
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7. Total cost vanefsuyusmvasagaaslwiueiidesgndsdolusszina 6 ey
Yo NVInglavYRae v N8Nk UUMETT Give away

8. Cost_min vanefsuyusmvesaynagliauaiishitaadldaneadosdloaiiuayy
nssadulail

9. Running time wnedsnaithildlunisussnanavenaiesfioativayumsdndulad
Tnauanuduniisund

10. P/N remain nngfisdnuiuvemsngiavyaanglives Candidate P/N #ianunsavnluly
unuil Base P/N ¢
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syaAUAtU (Source Code) VBITUNBUITNITAUNIAINUUTTAY

Public Function Cals(Nodel As String, Node2 As String) As String
Fori=1To 383

51

If Sheets("PartPrice").Cells(i, 1).Value = Nodel Or Sheets("PartPrice").Cells(i, 1).Value =

Node2 Then
Cals = Sheets("PartPrice").Cells(i, 94).Value
End If

Next i
End Function
Public Function SherchVolum(Nodel As String, Node2 As String) As String
SherchVolum = Sheets("Lotindex").Cells(Nodel +1, 3).Value +
Sheets("Lotindex").Cells(Node2 + 1, 3).Value
End Function
Public Function SherchLotindex(Rand As Double) As Double
If Rand >= 0 And Rand <='20-Then

SherchLotindex = 3.5
Elself Rand > 20 And Rand <=/40,Then

SherchLotindex = 1.2
Elself Rand > 40 And Rand <=-150 Then

SherchLotindex'=/1.02
Elself Rand > 150 And.Rand '<=_400 Then

SherchLotindex = 1
Elself Rand > 400 And'Rand <= 1000-Then

SherchLotindex =0.98
Elself Rand > 1000.Then

SherchLotindex = 0.96
Else
SherchLotindex = 1000 Nt Error
End If

End Function
Function Intest(ByRef node() As Integer) As Double
Dim N As Integer
Dim Mix1 As String
Dim Mix2 As String
Dim sumtotle As Double
Fori=1To 28
Sheets("Operation”).Cells(i + 1, 2).Value = node(i)
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syaAUAUU (Source Code) UBITUMNBUIDTNITAUMIAIUUTTAY (A1)

Next i
For N = 1 To UBound(node)
Mix1 = Cells(N + 1, 1).Value & "" & Cells(N + 1, 2).Value
Mix2 = Cells(N + 1, 2).Value &"," & Cells(N + 1, 1).Value
Sheets("Operation”).Cells(N + 1, 3).Value = Cals(Mix1, Mix2)
Sheets("Operation”).Cells(N + 1, 4).Value = SherchVolum(Cells(N + 1, 1).Value, Cells(N + 1,
2).Value)
Sheets("Operation”).Cells(N + 1, 5).Value = SherchLotindex(Sheets("Operation").Cells(N + 1,
4)Value)
Sheets("Operation").Cells(N + 1, 6).Value = Sheets("Operation").Cells(N + 1, 3).Value *
Sheets("Operation”).Cells(N + 1,4).Value * Sheets("Operation”).Cells(N + 1, 5).Value
sumtotle = sumtotle + Sheets("Operation").Cells(N + 1, 6).Value
Next N
Sheets("Operation”).Cells(UBound(node) + 2, 6).Value = sumtotle
Intest = sumtotle

End Function

Public Sub Hamony()

Dim LoopMin() As Double
Dim HM() As String

Dim Sol As Double

Dim d1 As Integer

Dim x(28) As Integer

Dim Ass As Double

Dim a As Integer

Dim StartTime As Double

Dim SecondsElapsed As Double

'‘Remember time when macro starts
StartTime = Timer

HMS = Sheets("Operation").Range("L2").Value: HMCR = Sheets("Operation").Range("J2").Value:
PAR = Sheets("Operation").Range("K2").Value: Maximp =
Sheets("Operation").Range("M2").Value

ReDim HM(HMS, 28)

ReDim LoopMin(Maximp)



sTaAUAUU (Source Code) UBITUMNBUIDTNITAUMIAIUUTTAY (A1)

Fori=1To HMS
Forj=1To 28
loop1:
HM(, j) = RandomB(1, 28)
x(j) = HMG, j)
If HM(, j) = j Then
GoTo loop!l
End If
Next j
Ass = Intest(x)
HM(, 0) = Ass
Next i

Fori=1To Maximp
Forj=1To 28
If Rnd >= HMCR-Then
loop2:
'Random Searching
x(j) = RandomB(1,-28)
If Xx(j) = j Then
GoTo'loop2
End If
Else
'Harmony Memory Considering
d1 = RandomB(1, CInt(HMS))
x(j) = HM(d1, j)
If Rnd <= PAR Then
' Pitch Adjusting
d1l = RandomB(1, CBool(HMS)) / 28
If Rnd > 0.5 Then
x() = x(j) + d1
Else
x(j) = x(j) - d1
End If
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sHaAUaUU (Source Code) ¥9TUMBUITNITAUMIAIINUTTAY (A1)

End If
End If
Next j

Sol = Intest(x)
If Sol <=0 Then
MsgBox "1111"
End If

hmax_num = 1: hmax = HM(1, 0)
Fora =2 To HMS
If CDbl(HM(a, 0)) > 0 Then
If CDbl(HM(a, 0)) > CDbl(hmax) Then
hmax_num = a
hmax = HM(a, 0)
End If
End If

Next a

If CDbl(Sol) < CDblthmax) Then
Forj=1To 28
HM(hmax_num, j) =x())
Next j
HM(hmax_num, 0) = Sol
End If

hmin_num = 1: hmin = HM(1, 0)
Fora =2 To HMS
If CDbl(HM(a, 0)) > 0 Then

If CDbl(HM(a, 0)) < CDbl(hmin) Then

hmin_num = a

hmin = HM(a, 0)
Sheets("Operation").Cells(i + 1, 7).Value = i
Sheets("Operation").Cells(i + 1, 8).Value = hmin
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syaAUAUU (Source Code) UBITUMNBUIDTNITAUMIAIUUTTAY (A1)

End If
End If

Next a
Fora=1To 28
Sheets("Operation”).Cells(a + 1, 2).Value = HM(hmin_num, a)
Next a
Sheets("Operation”).Cells(30, 6).Value = HM(hmin_num, 0)
Next i

hmin_num = 1: hmin = HM(1,/0)
Fora =2 To HMS
If CDblW(HM(a, 0)) > 0 Then
If CDbl(HM(a, 0)) < CDbl(hmin). Then
hmin_num = a
hmin = HM(a, 0)
Sheets("Operation").Cells(i + 1, 7).Value =i
Sheets("Operation").Cells(i+-1,8).Value = hmin
End If
End If

Next a

Fora=1To 28
Sheets("Operation").Cells(a +1, 2).Value.= HM(hmin“num,-a)
Next a
Sheets("Operation”).Cells(30, 6).Value = HM(hmin_num, 0)
'Determine how many seconds code took to run
SecondsElapsed = Round(Timer - StartTime, 2)
Sheets("Operation”).Cells(21, 12).Value = SecondsElapsed
‘Notify user in seconds
MsgBox "----- Tool was run successfully, Please See Result ----- &

Running time =" & SecondsElapsed & " seconds", vbInformation

End Sub
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siasuatu (Source Code) T09TUADUITNITAUNIAIINUITAU (51D)
Public Function RandomB(lowerbound As Integer, upperbound As Integer) As Integer

RandomB = Int((upperbound - lowerbound + 1) * Rnd + lowerbound)
End Function




sasuaty (Source Code) vaatunauiuaynaneliuaznsAIMIN Lot index

Sub PartPrice()

Dim i, j, k As Integer

Dim counti, countj, countk, countn As Integer
Dim a, b As Integer

Dim p, g As Integer

I T AR AN

Range(Cells(5, 1), Cells(10000, 10000)).clear

counti =0

countj =0

Fori=1To 500 'Check low i and collum j-of Part in"OptionTable
If Worksheets("Option").Cells(2 + 1, 1).Value <>-0 Then
counti = counti + 1
Else
Exit For
End If

Next i

Forj=1To 500

If Worksheets("Option').Cells(d, 2 + j).Value =1 Or Worksheets("Option").Cells(4, 2 +

j).Value = -1 Or Worksheets("Option").Cells(4,-2 +j). Text.="0" Then
countj = countj + 1
Else
Exit For
End If
Next j

I T AR AN

‘compare part

Fori =1 To counti 1
'countk = counti - i

Fork =i+ 1 To counti '1+1
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syasuaty (Source Code) vasdunauiuayaaelaznisAIn Lot index (sia)

b=0
Fora=1To 1500
If Worksheets("PartPrice").Cells(5 + a, 2).Value = 1 Or Worksheets("PartPrice").Cells(5
+ a, 2).Value = -1 Or Worksheets("PartPrice").Cells(5 + a, 2).Text = 0 Then
b=b+1
Else
Exit For
End If

Next a

I s T TR TR A O

For j =1 To countj

Worksheets("PartPrice").Cells(6 + b, 1 + j).Value = (Worksheets("Option").Cells(2 +
i, 2 + j).Value - Worksheets("Option").Cells(2 + k, 2+ j).Value)

Next j

[ N R RN A R AR
1
1
1

Cells(6 + b, 1).Value' =i &"," & k-.' Node&BasePrice
If Worksheets("Lotindex").Cells(1 +1i, 5).Value < Worksheets('Lotindex").Cells(1 + k, 5).Value
Then
Worksheets("PartPrice").Cells(6 + b, 4 + countj).Value = Worksheets("Lotindex").Cells(1 +
i, 4)Value
Cells(6 + b, 3 + countj) =i
Cells(6 + b, 6 + countj) = "i"
Else
Worksheets("PartPrice").Cells(6 + b, 4 + countj).Value = Worksheets("Lotindex").Cells(1 +
k, 4).Value
Cells(6 + b, 3 + countj) = k
Cells(6 + b, 6 + countj) = "k"
End If



syasuaty (Source Code) vasdunauiuayaaelaznisAIn Lot index (sia)

Next k
Next i

Cells(5, 2 + countj) = "Total NG"
Cells(5, 3 + count)) = "Node"
Cells(5, 5 + countj) = "Circuit price"
Cells(5, 6 + countj) = "Total price"
Cells(5, 4 + countj) = "Base price"
Cells(5, 1) = "Node"

b=0
Fora=1To 1000
If Worksheets("PartPrice").Cells(5 + a, 1)-<>/0 Then
b=b+1
Else
Exit For
End If
Next a
Fori=1Tob
countn =0
p=0
q=0
For j =1 To countj
If Cells(5 +1i, 1 +j) <> 0 Then
countn = countn + 1
End If

If Cells(5 +1i, 1 +j).Value = -1 Then
p =p + Cells(3, 1 + j).Value

End If

If Cells(5 +1i, 1 + j).Value = 1 Then
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syasuaty (Source Code) vasdunauiuayaaelaznisAIn Lot index (sia)

q=q+ Cells(3, 1 +j).Value
End If
Next j
Cells(5 + i, 2 + countj).Value = countn 'Total NG

If Cells(5 + i, 6 + countj).Text = "i" Then

Cells(5 + i, 5 + countj).Value = p

Else

Cells(5 + i, 5 + countj).Value = g

End If

Cells(5 + i, 6 + countj).clear

Next i

Fora=0Tob

Cells(6 + a, 6 + countj).Value = Cells(6 + a, 5 + countj).Value + Cells(6 + a, 4 +
countj).Value

Next a

[ e A T T A

End Sub

Sub clear()

Range(Cells(5, 1), Cells(10000,-10000)).clear
End Sub

Sub Lotindex()
Dim i, j, k As Integer
Dim count As Integer

count =0
Fori=1To 500
If Cells(1 + i, 3).Value <> 0 Then
count = count + 1
End If
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syasuaty (Source Code) vasdunauiuayaaelaznisAIn Lot index (sia)
Next i
Fori=1 To count

If Cells(1 + i, 3).Value <= 20 Then
Cells(1 + i, 5).Value = Cells(1 + i, 4).Value * 3.5
Elself Cells(1 + i, 3).Value <= 40 Then
Cells(1 + i, 5).Value = Cells(1 + i, 4)Value * 1.2
Elself Cells(1 + i, 3).Value <= 150 Then
Cells(1 + i, 5).Value = Cells(1 + i,/d).Value * 1.02
Elself Cells(1 + i, 3).Value <= 400 Then
Cells(1 + i, 5).vValue = Cells(1 +i; 4).Value*'1
Elself Cells(1 + i, 3).Value <=.1000 Then
Cells(1 + i, 5).Value =-Cells(1 + i, 4)Value * 0.98
Elself Cells(1 + i, 3).Value >=-1000 Then
Cells(1 + i, 5).Value = Cells(1'+ i, 4)NValue * 0.96
End If
Next i
End Sub
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Base P/N | Candidate P/N Part price Circuit cost Lot index Part cost

1 12 3635 1308 0.96 4,564,397
2 23 4682 835 0.98 3,831,281
3 21 3884 122 1.02 483,325
4 26 3337 532 0.98 1,739,778
5 22 3419 93 1.02 324,326
6 19 4636 72 1.02 340,468
7 26 3266 1914 0.96 6,001,079
8 24 3437 1578 0.96 5,206,643
9 22 4482 2 12 199,001
10 22 5219 646 0.98 3,304,045
11 14 4187 1565 0.96 6,290,549
12 21 3352 1339 0.96 4,308,795
13 16 3541 1404 0.96 4,772,701
14 5 3096 23 1.2 85,450
15 9 5272 666 0.98 3,440,929
16 14 4284 37 1.2 190,210
17 26 5218 901 0.98 4,607,390
18 25 4173 98 1.02 417,133
19 11 4620 70 1.02 329,868
20 28 3675 1474 0.96 5,200,272
21 15 3117 220 1 685,740
22 28 3521 915 0.98 3,157,281
23 13 3136 1095 0.96 3,296,563
24 22 3553 1480 0.96 5,048,102
25 9 4906 736 0.98 3,538,600
26 3 3168 1663 0.96 5,057,649
27 25 3086 1857 0.96 5,501,474
28 17 3333 2022 0.96 6,469,753

Total cost 77,908,712.80

Cost_min 77,908,712.80 | THB.
Running time 8.312|Min.
P/N remain 18|Part no.
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PARTS NO PATR NAME Volume Base price BasePrice*Lot index Volume [ Lot index
1 CCM_S2G_CVT_KYLS_HALO_FENDR_AIMER_ABSLESS 53 3387 3454.7 0~20 35
2 RHD_S2G_M/T_KYLS_HALO_FENDR AIMER_ABSLESS 829 4636 45433 21 ~40 12
3 JPN_M1G_CVT _KYLS HALO FENDR_AIMER_VDC 114 3711 3785.2 41 ~ 150 1.02
q JPN_M1G_CVT_IKEY HALO DOOR_AIMER_VDC 526 3133 3070.3 151 ~ 400 1
5 JPN_M1G_CVT_IKEY_XENO_DOOR_AIMER_VDC 9 4603 16110.5 401 ~ 1,000 0.98
6 RHD S2G_M/T KYLS HALO FENDR AIMER 58 4428 4516.6 1001 ~ 0.96
7 RHD_S2G_M/T_KYLS_HALO DOOR_AIMER 6 3715 13002.5
8 RHD_S2G_CVT IKEY HALO FENDR AIMER 1494 4506 43258
9 RHD_S2G_CVT _KYLS HALO DOOR_AIMER 28 4224 5068.8
10 RHD S2G CVT _IKEY HALO DOOR AIMER 8 3769 13191.5
11 RHD_M1G_CVT_IKEY_HALO_DOOR'AIMER 71 4075 41565
12 RHD _M1G_CVT IKEY XENO DOOR' AIMER 1255 3776 3625.0
13 ASR_M1G_M/T_KYLS_HALO_DOOR_AIMER_VDC 1396 3317 3184.3
14 ASR_M1G_CVT_KYLS_HALO_DOOR_AIMER.VDC. 14 2910 10185.0
15 ASR_M1G_CVT_IKEY_XENO_DOOR_AIMER VDG 638 5082 4980.4
16 LHD S2G_M/T KYLS HALO FENDR 28 3933 4719.6
17 LHD S2G_M/T _KYLS HALO DOOR 889 5082 4980.4
18 LHD S2G_CVT KYLS HALO FENDR 84 3975 4054.5
19 LHD S2G_CVT IKEY HALO FENDR 12 3142 10997.0
20 LHD S2G_CVT KYLS HALO DOOR 645 3516 3445.7
21 LHD S2G CVT_IKEY HALO DOOR 122 2961 3020.2
22 LHD M1G M/T_KYLS HALO-DOOR 26 3409 4090.8
23 LHD M1G CVT KYLS HALO FENDR 1011 3002 2881.9
24 LHD M1G CVT_IKEY HALO-DOOR 84 3257 3322.1
25 LHD_M1G.CVT IKEY_XENO DOOR_AIMER 98 4775 48705
26 CCM_S2G CVT_KYLS_HALO_FENDR_AIMER_ABSLESS CNG 408 2920 2861.6
27 RHD_S2G,IV/T_KYLS HALO_FENDR AIMER_ABSLESS.CNG 846 2832 2775.4
28 RHD_S2G_CVT_KYLS'HALO-DOOR_AIMER_CNG 1908 3185 3057.6
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX [ AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T | _S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_S26_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX| M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU [with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 12.00 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node |*| 2 [x] 3|v| 4|+ 5|v] 6|v] 7[r 8[r] 9| 10|r] 1[r 12[r] 13|r] 14|v| 15| TotalN(r| Node|~| Base prid~|Circuit priv| Total pri~|
12 0 0 0 0 0 1 0 0 0 0 0 0 0 10 1 3387 7 3461
13 0 0 1 0 0 0 0 0 0 Bl 0 0 13 1 3387 147 3534
14 0 0 1 0 0 0 0 0 0 0 1 0 21 a 3133 145 3278
15 0 0 41 0 0 0 0 0 0 0 B 0 2 1 3387 286 3673
16 0 0 0 0 0 1 0 0 0 0 0 0 0 11 1 3387 87 3474
17 0 0 0 0 0 1 0 0 0 0 0 0 0 13 1 3387 100 3487
18 0 0 0 0 0 0 0 1 0 0 0 0 0 8 1 3387 84 3471
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 3387 61 3448
1,10 0 0 0 0 0 0 0 1 0 0 0 0 0 11 1 3387 112 3499
111 0 0 1 0 0 0 0 0 0 0 1 0 20 1 3387 211 3598
1,12 0 0 1 0 0 0 0 0 0 0 1 0 2 1 3387 208 3635
113 0 0 1 0 0 0 0 1 0 0 0 0 2 13 3317 168 3485
114 0 0 1 0 0 0 0 0 0 Bl 0 0 16 1 3387 164 3551
115 0 0 1 0 0 0 0 0 0 0 B 0 27 1 3387 308 3695
1,16 0 0 0 0 0 1 0 0 0 0 0 0 0 17 1 3387 164 3551
117 0 0 0 0 0 1 0 0 0 0 0 0 0 19 1 3387 177 3564
1,18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 1 3387 109 3496
1,19 0 0 0 0 0 0 o N - 0 0 0 0 0 14 1 3387 141 3528
120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 20 3516 85 3601
121 0 0 0 0 0 0 0 1 0 0 0 0 0 16 21 2961 114 3075
122 0 0 1 0 0 0 0 1 0 0 0 0 29 1 3387 280 3667
123 0 0 1 0 0 0 0 0 0 1 0 0 20 2 3002 157 3159
124 0 0 1 0 0 0 0 0 0 0 1 0 2 2 3257 190 3447
125 0 0 1 0 0 0 0 0 0 0 1 0 3 1 3387 290 3677
126 1 1 0 0 0 0 0 0 0 0 0 0 0 3 2 2920 27 2947
127 1 1 0 0 1 o Nl o 0 0 0 0 0 13 27 2832 103 2935
128 1 1 0 0 0 0 0 0 0 0 0 0 0 8 2 3185 a 3228
23 0 0 1 0 0 0 0 0 0 1 0 0 21 3 3711 150 3861
24 0 0 1 0 0 0 0 0 0 0 1 0 2 4 3133 207 3340
25 0 0 41 0 0 0 0 0 0 0 B 0 3 2 4636 350 4986
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 6 4428 20 4adg
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 4636 % 4682
28 0 0 0 0 0 0 0 B 0 0 0 0 0 16 8 4506 115 4621
29 0 0 0 0 0 0 1 0 0 0 0 0 0 15 2 4636 137 4173
2,10 0 0 0 0 0 0 0 1 0 0 0 0 0 19 2 4636 176 812
211 0 0 1 0 0 0 0 0 0 0 1 0 3 11 4075 207 4282
2,12 0 0 1 0 0 0 0 0 0 0 1 0 3 12 3776 25 011
2,13 0 0 1 0 0 0 0 1 0 0 0 0 19 13 3317 148 3465
2,14 0 0 1 0 0 0 0 0 0 1 0 0 2 2 4636 228 4864
2,15 0 0 1 0 0 0 0 0 0 0 1 0 35 2 4636 372 5008
2,16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 2 4636 147 4783
2,17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 2 4636 160 479%
2,18 0 0 0 0 0 0 Bl 0 0 0 0 0 0 20 18 3975 143 4118
2,19 0 0 0 0 0 0 0 1 0 0 0 0 0 2 2 4636 205 4841
2,20 0 0 0 0 0 0 41 0 0 0 0 0 0 2 20 3516 159 3675
221 0 0 0 0 0 0 0 1 0 0 0 0 0 2 21 2961 176 3137
222 0 0 1 0 0 0 0 1 0 0 0 0 31 22 3409 25 3644
223 0 0 1 0 0 0 0 0 0 Bl 0 0 28 2 3002 219 3221
2,24 0 0 1 0 0 0 0 0 0 0 1 0 34 2 3257 252 3509
225 0 0 1 0 0 0 0 0 0 0 1 0 36 2 4636 354 4990
226 1 1 0 0 0 1 0 0 0 0 0 0 13 2 2920 101 3021
221 1 1 0 0 0 0 0 0 0 0 0 0 0 3 27 2832 27 2859
228 1 1 0 o T o 1 0 0 0 0 0 0 18 28 3185 17 3302
34 0 0 0 0 0 0 0 0 0 0 0 1 0 10 4 3133 66 3199
35 0 0 0 0 0 0 0 0 0 0 0 1 0 14 3 3711 148 3859
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_526_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU |with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 1200 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node || 2 || 3|v] 4] 5|v] 6|v] 7| 8l 9| 10]r] 11[r 12[r] 13|v| 14|v| 15| TotalN(x| Node|~| Base prid~|Circuit priv| Total pri~|
36 1 0 0 0 1 0 0 0 0 0 0 0 2 3 3711 163 3874
37 1 0 0 0 1 0 0 0 0 0 0 0 2 3 3711 176 3887
38 1 0 0 0 0 0 0 1 0 0 0 0 19 3 3711 160 3871
39 1 0 0 0 0 0 1 0 0 0 0 0 16 3 3711 134 3845
3,10 1 0 0 0 0 0 0 1 0 0 0 0 20 3 3711 173 3884
311 0 0 0 0 0 0 0 0 0 0 0 1 0 15 3 3711 140 3851
312 0 0 0 0 0 0 0 0 0 0 0 1 0 19 12 3776 161 3937
313 0 0 0 0 0 0 0 0 0 1 0 0 0 16 13 3317 140 3457
3,14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 3 3711 68 3779
315 0 0 0 0 0 0 0 0 0 0 0 1 0 20 3 3711 221 3932
3,16 1 0 0 0 1 0 0 0 0 0 0 0 2 3 3711 225 3936
3,17 1 0 0 0 1 0 0 0 0 0 0 0 2 3 3711 238 3949
3,18 1 0 0 0 0 0 4 0 0 0 0 0 21 3 3711 182 3893
3,19 1 0 0 0 0 0 0 1 0 0 0 0 2 3 3711 202 3913
3,20 1 0 0 0 0 0 4 0 0 0 0 0 2 20 3516 217 3733
321 1 0 0 0 0 0 0 1 0 0 0 0 2 21 2961 234 3195
322 0 0 0 0 0 0 0 0 0 1 0 0 0 P2 3 3711 209 3920
323 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 2 3002 136 3138
320 0 0 0 0 0 0 0 0 0 0 0 1 0 21 2 3257 178 3435
325 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3711 219 3930
326 0 1 1 0 0 0 41 0 0 0 0 0 14 2 2920 147 3067
321 0 1 1 0 1 0 0 0 0 0 0 0 2 27 2832 211 3043
328 0 1 41 0 0 0 41 0 0 0 0 0 17 28 3185 148 3333
a5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q 4 3133 37 3170
a6 1 0 0 0 1 0 0 0 0 0 0 0 30 4 3133 220 3353
a7 1 0 0 0 1 0 0 0 0 0 0 0 2 a 3133 204 3337
a8 1 0 0 0 0 0 0 1 0 0 0 0 17 a 3133 125 3258
a9 1 0 0 0 0 0 4 0 0 0 0 0 2 a 3133 162 3295
4,10 1 0 0 0 0 0 0 1 0 0 0 0 1 a 3133 109 322
an 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 a 3133 29 3162
412 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 4 3133 66 3199
413 0 0 0 0 0 0 0 0 0 1 0 0 - 0 20 a 3133 158 3291
414 0 0 0 0 0 0 0 0 0 0 0 4 0 13 4 3133 105 3238
415 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 4 3133 110 3243
4,16 1 0 0 0 1 0 0 0 0 0 0 0 32 4 3133 258 3391
417 1 0 0 0 1 0 0 0 0 0 0 0 30 4 3133 202 3375
4,18 1 0 0 0 0 0 41 0 0 0 0 0 27 4 3133 215 3348
4,19 1 0 0 0 0 0 0 1 0 0 0 0 23 4 3133 190 3323
4.20 1 0 0 0 0 0 41 0 0 0 0 0 2 4 3133 199 3332
421 1 0 0 0 0 0 0 1 0 0 0 0 21 21 2961 238 3199
422 0 0 0 0 0 0 0 0 0 1 0 0 0 b2 a 3133 193 3326
423 0 0 0 0 0 0 0 0 0 0 0 4 0 21 23 3002 223 3225
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 a 3133 113 3246
425 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 a 3133 131 3264
426 0 41 41 0 0 0 El 0 0 0 0 0 2 2 2920 29 3169
421 0 El Kl 0 1 0 0 0 0 0 0 0 30 27 2832 313 3145
428 0 4 4 0 0 0 El 0 0 0 0 0 21 28 3185 221 3406
56 1 0 0 0 1 0 0 0 0 0 0 0 3 6 a428 350 4778
57 1 0 0 0 1 0 0 0 0 0 0 0 32 7 3715 337 4052
58 1 0 0 0 0 0 0 1 0 0 0 0 21 8 4506 25 4741
59 1 0 0 0 0 0 Bl 0 0 0 0 0 2 9 4224 258 4482
5,10 1 0 0 0 0 0 0 1 0 0 0 0 18 10 3769 207 3976
511 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 11 4075 104 a179
512 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 12 3776 67 3843
513 0 0 0 0 0 0 0 0 0 1 0 0 - 0 b2 13 3317 250 3567
514 0 0 0 0 0 0 0 0 0 0 0 4 0 17 14 2910 186 309
515 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 15 5082 51 5133
516 1 0 0 0 1 0 0 0 0 0 0 0 3 16 3933 351 4284
517 1 0 0 0 1 0 0 0 0 0 0 0 32 17 5082 338 5420
518 1 0 0 0 0 0 1 0 0 0 0 0 2 18 3975 306 4281
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_526_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU |with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 1200 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node || 2 [x] 3|v] 4] 5|v] 6|v] 7[r] 8lr] 9|/ 10|r] 1[r 12[r] 13|v] 14|v| 15| TotalN(r| Node|~| Base prid~|Circuit priv| Total pric~|
519 1 0 0 0 0 0 0 1 0 0 0 0 2 19 3142 278 3420
520 1 0 0 0 0 0 1 0 0 0 0 0 27 20 3516 293 3809
521 1 0 0 0 0 0 0 1 0 0 0 0 2 21 2961 265 3226
522 0 0 0 0 0 0 0 0 0 1 0 0 0 2 22 3409 262 3671
523 0 0 0 0 0 0 0 0 0 0 0 1 0 2 2 3002 250 3252
520 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 2 3257 162 3419
525 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 25 a775 125 4900
526 0 1 1 0 0 0 41 0 0 0 0 0 2 2 2920 286 3206
527 0 1 1 0 1 0 0 0 0 0 0 0 3 27 2832 350 3182
528 0 1 41 0 0 0 41 0 0 0 0 0 2 28 3185 258 3443
67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 6 a428 13 4441
68 0 0 0 0 0 0 0 1 0 0 0 0 0 15 8 4506 115 4621
69 0 0 0 0 0 0 1 0 0 0 0 0 0 12 6 4428 104 4532
6,10 0 0 0 0 0 0 0 1 0 0 0 0 0 18 6 4428 163 4591
6,11 0 0 41 0 0 0 0 0 0 0 1 0 27 11 4075 207 4282
6,12 0 0 41 0 0 0 0 0 0 0 1 0 31 12 3776 235 4011
6,13 0 0 41 0 0 0 0 1 0 0 0 0 18 13 3317 141 3458
6,14 0 0 41 0 0 0 0 0 0 El 0 0 2 6 4428 208 4636
6,15 0 0 1 0 0 0 0 0 0 0 1 0 36 6 a428 372 4800
6,16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 6 a428 114 4542
6,17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 6 a428 127 4555
6,18 0 0 0 0 0 0 1 0 0 0 0 0 0 17 18 3975 123 4098
6,19 0 0 0 0 0 0 0 1 0 0 0 0 0 21 6 a428 192 4620
620 0 0 0 0 0 0 1 0 0 0 0 0 0 19 20 3516 139 3655
621 0 0 0 0 0 0 0 1 0 0 0 0 0 2 21 2961 176 3137
622 0 0 41 0 0 0 0 1 0 0 0 0 2 22 3409 215 3624
623 0 0 41 0 0 0 0 0 0 1 0 0 25 23 3002 199 3201
624 0 0 41 0 0 0 0 0 0 0 1 0 33 2 3257 252 3509
625 0 0 41 0 0 0 0 0 0 0 1 0 35 6 4428 341 4769
6,26 41 41 0 0 0 4 0 0 0 0 0 0 14 2 2920 114 3034
627 41 41 0 0 0 0 0 0 0 0 0 0 0 6 27 2832 60 2892
6,28 4 4 0 0 0 4 0 0 0 0 0 0 15 28 3185 97 3282
78 0 0 0 0 0 0 0 1 0 0 0 0 0 17 8 4506 128 4634
79 0 0 0 0 0 0 1 0 0 0 0 0 0 10 9 4224 54 4218
7,10 0 0 0 0 0 0 0 1 0 0 0 0 0 16 7 3715 150 3865
711 0 0 1 0 0 0 0 0 0 0 1 0 2 11 4075 191 4266
7,12 0 0 1 0 0 0 0 0 0 0 1 0 2 12 3776 219 3995
7,13 0 0 1 0 0 0 0 1 0 0 0 0 16 13 3317 125 3442
7,14 0 0 1 0 0 0 0 0 0 1 0 0 21 14 2910 143 3053
7,15 0 0 1 0 0 0 0 0 0 0 1 0 3 15 5082 232 5314
7,16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 16 3933 100 4033
717 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 17 5082 87 5169
7,18 0 0 0 0 0 0 41 0 0 0 0 0 0 19 18 3975 136 an
7,19 0 0 0 0 0 0 0 1 0 0 0 0 0 2 19 3142 173 3315
7,20 0 0 0 0 0 0 41 0 0 0 0 0 0 17 20 3516 123 3639
721 0 0 0 0 0 0 0 1 0 0 0 0 0 21 21 2961 160 3121
7,22 0 0 1 0 0 0 0 1 0 0 0 0 2% 2 3409 199 3608
7.23 0 0 1 0 0 0 0 0 0 Bl 0 0 27 2 3002 212 3214
7.20 0 0 1 0 0 0 0 0 0 0 1 0 31 2 3257 236 3493
7.25 0 0 1 0 0 0 0 0 0 0 1 0 33 25 a775 254 5029
7,26 1 1 0 0 0 41 0 0 0 0 0 0 16 2 2920 127 3047
721 1 1 0 0 0 0 0 0 0 0 0 0 0 8 27 2832 7 2905
7.28 1 1 0 o T o 1 0 0 0 0 0 0 13 28 3185 81 3266
89 0 0 0 0 0 0 0 . Il . 0 0 0 0 11 8 4506 101 4607
8,10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 8 4506 23 4534
8,11 0 0 =il 0 0 0 0 0 0 0 Bl 0 14 11 4075 112 4187
8,12 0 0 41 0 0 0 0 0 0 0 1 0 18 12 3776 140 3916
8,13 0 0 41 0 0 0 0 1 0 0 0 0 2 13 3317 240 3557
8,14 0 0 41 0 0 0 0 0 0 El 0 0 2 8 4506 205 a7
8,15 0 0 41 0 0 0 0 0 0 0 1 0 2 8 4506 257 4763
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_526_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU |with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 1200 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node |*| 2 |x] 3[r] 4|l 5| 6|r] T[r 8 12|7| 13|x| 14[r| 15|v| TotalN(x| Node|| Base prid|Circuit pri~| Total pri(~|
8,16 0 0 0 0 0 1 0 0 0 0 0 19 8 4506 168 4674
8,17 0 0 0 0 0 1 0 0 0 0 0 21 8 4506 181 4687
8,18 0 0 0 0 0 0 0 0 0 0 0 14 18 3975 116 4091
8,19 0 0 0 0 0 0 0 0 0 0 0 8 8 4506 80 4586
8.20 0 0 0 0 0 0 0 0 0 0 0 16 20 3516 132 3648
821 0 0 0 0 0 0 0 0 0 0 0 10 21 2961 84 3045
822 0 0 1 0 0 0 0 0 0 0 31 22 3409 253 3662
823 0 0 1 0 0 0 0 1 0 0 2 2 3002 192 3194
824 0 0 1 0 0 0 0 0 1 0 2 2 3257 180 3437
8.25 0 0 1 0 0 0 0 0 1 0 2 8 4506 209 4755
8.26 1 1 0 0 0 0 0 0 0 0 11 2 2920 111 3031
8,27 41 41 0 0 1 0 0 0 0 0 19 27 2832 175 3007
8,28 4 4 0 0 0 0 0 0 0 0 14 28 3185 114 3299
9,10 0 0 0 0 0 0 0 0 0 0 0 8 9 4224 7 4295
9,11 0 0 =il 0 0 0 0 0 Bl 0 17 11 4075 149 4224
9,12 0 0 1 0 0 0 0 0 1 0 21 12 3776 177 3953
9,13 0 0 41 0 0 0 0 0 0 0 20 13 3317 165 3482
9,14 0 0 41 0 0 0 0 El 0 0 13 9 224 116 4340
9,15 0 0 1 0 0 0 0 0 1 0 2 15 5082 190 5212
9,16 0 0 0 0 0 1 0 0 0 0 0 16 16 3933 139 072
9,17 0 0 0 0 0 1 0 0 0 0 0 14 17 5082 126 5208
9,18 0 0 0 0 0 0 0 0 0 0 0 9 18 3975 82 4057
9,19 0 0 0 0 0 0 0 0 0 0 0 15 9 4224 129 4353
9.20 0 0 0 0 0 0 0 0 0 0 0 7 20 3516 69 3585
9.21 0 0 0 0 0 0 0 0 0 0 0 13 21 2961 118 3079
9,22 0 0 1 0 0 0 0 0 0 0 b2 22 3409 202 3611
9,23 0 0 41 0 0 0 0 El 0 0 19 23 3002 170 3172
9,04 0 0 41 0 0 0 0 0 1 0 2 2 3257 194 3451
9,25 0 0 41 0 0 0 0 0 1 0 2 25 4175 212 4987
9,26 41 41 0 0 0 0 0 0 0 0 0 8 26 2920 88 3008
9,27 41 41 0 0 1 o 1N 0 0 0 0 18 27 2832 164 299
9,28 4 4 0 0 0 0 0 0 0 0 0 3 28 3185 27 3212
10,11 0 0 1 0 0 0 0 0 0 1 0 1 11 4075 9% an
10,12 0 0 1 0 0 0 0 0 0 1 0 15 12 3776 124 3900
10,13 0 0 1 0 0 0 0 1 0 0 0 0 2 13 3317 224 3501
10,14 0 0 1 0 0 0 0 0 0 1 0 0 19 14 2910 160 3070
10,15 0 0 1 0 0 0 0 0 0 0 1 0 2 15 5082 137 5219
10,16 0 0 0 0 0 1 0 0 0 0 0 0 0 20 16 3933 174 4107
10,17 0 0 0 0 0 1 0 0 0 0 0 0 0 18 17 5082 161 5243
10,18 0 0 0 0 0 0 0 1 0 0 0 0 0 15 18 3975 129 4104
10,19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 19 3142 81 3223
10,20 0 0 0 0 0 0 0 - I 0 0 0 0 13 20 3516 116 3632
1021 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 21 2961 68 3029
1022 0 0 1 0 0 0 0 1 0 0 0 0 2 22 3409 237 3646
1023 0 0 41 0 0 0 0 0 0 El 0 0 2 23 3002 205 3207
1024 0 0 1 0 0 0 0 0 0 0 1 0 19 2 3257 164 3421
1025 0 0 1 0 0 0 0 0 0 0 1 0 21 25 4175 182 4957
1026 1 1 0 0 0 0 Bl 0 0 0 0 0 14 2 2920 139 3059
1027 1 1 0 0 -1 0 0 0 0 0 0 0 2 27 2832 203 3035
1028 1 1 0 0 0 0 Bl 0 0 0 0 0 11 28 3185 98 3283
11,12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q 12 3776 23 3804
11,13 0 0 0 0 0 0 0 0 0 1 0 0 - 0 19 13 3317 175 3492
11,14 0 0 0 0 0 0 0 0 0 0 0 1 0 12 11 4075 105 4180
11,15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 11 4075 110 4185
11,16 1 0 0 0 1 0 0 0 0 0 0 0 2 11 4075 25 4320
1117 1 0 0 0 1 0 0 0 0 0 0 0 2 11 4075 229 4304
1118 1 0 0 0 0 0 El 0 0 0 0 0 P2 18 3975 228 4203
11,19 -1 0 0 0 0 0 0 -1 0 0 0 0 20 11 4075 177 4252
1120 1 0 0 0 0 0 El 0 0 0 0 0 2 20 3516 215 3731
11,21 1 0 0 0 0 0 0 1 0 0 0 0 18 21 2961 187 3148
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_526_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU |with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 1200 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node |*| 2 |x| 3|v] 4] 5|7 6|v] 7|z 8lr] 9|/ 10|r] 1[r 12[r] 13|v] 14|v| 15| TotalN(r| Node|~| Base prid~|Circuit priv| Total pri~|
1122 0 0 0 0 0 0 0 0 0 1 0 0 - 0 19 22 3409 168 3577
1123 0 0 0 0 0 0 0 0 0 0 0 41 0 16 2 3002 156 3158
1124 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 2 3257 68 3325
1125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 11 4075 102 Q@
1126 0 1 1 0 0 0 41 0 0 0 0 0 21 2 2920 211 3131
1127 0 1 1 0 1 0 0 0 0 0 0 0 29 27 2832 275 3107
11,28 0 1 41 0 0 0 41 0 0 0 0 0 18 28 3185 170 3355
12,13 0 0 0 0 0 0 0 0 0 1 0 0 0 2 13 3317 212 3529
12,14 0 0 0 0 0 0 0 0 0 0 0 1 0 16 12 3776 133 3909
12,15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 12 3776 73 3849
12,16 1 0 0 0 1 0 0 0 0 0 0 0 31 12 3776 263 4039
1217 1 0 0 0 1 0 0 0 0 0 0 0 2 12 3776 27 4023
1218 1 0 0 0 0 0 El 0 0 0 0 0 2 12 3776 220 399
1219 1 0 0 0 0 0 0 1 0 0 0 0 2 12 3776 195 3971
1220 1 0 0 0 0 0 El 0 0 0 0 0 2 20 3516 242 3758
1221 1 0 0 0 0 0 0 1 0 0 0 0 20 21 2961 214 3175
1222 0 0 0 0 0 0 0 0 0 1 0 0 0 21 12 3776 182 3958
1223 0 0 0 0 0 0 0 0 0 0 0 41 0 18 2 3002 183 3185
1224 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 2 3257 95 3352
1225 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 12 3776 65 3841
1226 0 1 1 0 0 0 41 0 0 0 0 0 2 2 2920 208 3168
1227 0 1 1 0 1 0 0 0 0 0 0 0 33 27 2832 312 3144
1228 0 1 41 0 0 0 41 0 0 0 0 0 2 28 3185 207 3392
13,14 0 0 0 0 0 0 0 0 0 0 1 0 0 11 13 3317 92 3409
13,15 0 0 0 0 0 0 0 0 0 0 0 1 0 2 13 3317 256 3573
13,16 1 0 0 0 1 0 0 0 0 0 0 0 2 13 3317 240 3557
13,17 1 0 0 0 1 0 0 0 0 0 0 0 26 13 3317 224 3501
13,18 1 0 0 0 0 0 4 0 0 0 0 0 2 13 3317 242 3559
13,19 1 0 0 0 0 0 0 1 0 0 0 0 B 13 3317 282 3599
1320 1 0 0 0 0 0 El 0 0 0 0 0 27 13 3317 226 3503
1321 1 0 0 0 0 0 0 1 0 0 0 0 31 21 2961 275 3236
1322 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 13 3317 143 3460
1323 0 0 0 0 0 0 0 0 0 0 4 0 0 21 23 3002 179 3181
1324 0 0 0 0 0 0 0 0 0 0 0 1 0 2 13 3317 236 3553
1325 0 0 0 0 0 0 0 0 0 0 0 1 0 27 13 3317 254 3571
1326 0 1 1 0 0 0 41 0 0 0 0 2 2 2920 217 3137
1327 0 1 1 0 1 0 0 0 0 0 0 2 27 2832 199 3031
1328 0 1 41 0 0 0 41 0 0 0 0 0 21 28 3185 169 3354
14,15 0 0 0 0 0 0 0 0 0 0 0 1 0 15 15 5082 98 5180
14,16 1 0 0 0 1 0 0 0 0 0 0 27 16 3933 203 a176
1417 1 0 0 0 1 0 0 0 0 0 0 2 17 5082 230 5312
1418 1 0 0 0 0 0 El 0 0 0 0 2 18 3975 198 a73
14,19 1 0 0 0 0 0 0 1 0 0 0 2 1 2910 218 3128
1420 1 0 0 0 0 0 El 0 0 0 0 20 20 3516 185 3701
1421 1 0 0 0 0 0 0 1 0 0 0 P2 21 2961 222 3183
1422 0 0 0 0 0 0 0 0 0 1 0 0 19 22 3409 158 3567
1423 0 0 0 0 0 0 0 0 0 0 0 0 12 23 3002 17 3119
1424 0 0 0 0 0 0 0 0 0 0 0 0 16 2 3257 131 3388
1425 0 0 0 0 0 0 0 0 0 0 0 0 20 25 a775 168 4943
14,26 0 1 1 0 0 0 Bl 0 0 0 0 17 2 2920 164 3084
1427 0 1 1 0 -1 0 0 0 0 0 0 2 27 2832 228 3060
14,28 0 1 1 0 0 0 Bl 0 0 0 0 14 28 3185 116 3301
15,16 1 0 0 0 1 0 0 0 0 0 0 36 16 3933 373 4306
1517 1 0 0 0 1 0 0 0 0 0 0 3 17 5082 360 5442
15,18 1 0 0 0 0 0 4 0 0 0 0 31 18 3975 328 4303
15,19 1 0 0 0 0 0 0 1 0 0 0 27 15 5082 208 5290
1520 1 0 0 0 0 0 4 0 0 0 0 2 20 3516 315 3831
1521 1 0 0 0 0 0 0 1 0 0 0 2 21 2961 287 3248
1522 0 0 0 0 0 0 0 0 0 1 0 0 2 22 3409 268 3677
1523 0 0 0 0 0 0 0 0 0 0 0 2 23 3002 256 3258
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S26_MT|_526_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI oNG [H _with_PU with_PU[T T with_P |_with_PU |with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 1200 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node |*| 2 |x] 3|v] 4] 5|7 6[r 7|7 1]v] 12]7] 13[r] 14[v] 15|7| TotalNCr| Node|~| Base prid|Circuit priv| Total pri¢x|
1524 0 0 0 0 0 0 0 0 0 0 0 13 2 3257 149 3406
1525 0 0 0 0 0 0 0 0 0 0 0 1 25 a775 131 4906
1526 0 41 4 0 0 0 0 0 0 2 2 2920 308 328
1527 0 El Kl 0 1 0 0 0 0 36 27 2832 372 3204
1528 0 1 41 0 0 0 0 0 0 27 28 3185 280 3465
16,17 0 0 0 0 0 0 0 0 0 0 0 2 16 3933 13 3946
16,18 0 0 0 0 0 0 0 0 0 0 7 18 3975 55 4030
16,19 0 0 0 0 0 0 0 0 0 0 13 16 3933 120 4053
16,20 0 0 0 0 0 0 0 0 0 0 9 20 3516 71 3587
1621 0 0 0 0 0 0 0 0 0 0 15 21 2961 131 3092
1622 0 0 1 0 1 0 0 0 0 16 22 3409 128 3537
1623 0 0 41 0 0 0 El 0 0 15 23 3002 131 3133
1624 0 0 1 0 0 0 0 1 0 2 2 3257 207 3464
1625 0 0 41 0 0 0 0 1 0 27 16 3933 269 4202
1626 41 41 0 0 0 0 0 0 0 20 2 2920 191 3111
1627 El Kl 0 0 0 0 0 0 0 0 18 27 2832 174 3006
16,28 4 4 0 0 0 0 0 0 0 19 28 3185 159 3304
1718 0 0 0 0 0 0 0 0 0 0 9 18 3975 68 4043
17,19 0 0 0 0 0 0 0 0 0 0 15 17 5082 136 5218
17,20 0 0 0 0 0 0 0 0 0 0 7 20 3516 55 3571
1721 0 0 0 0 0 0 0 0 0 0 13 21 2961 115 3076
17,22 0 0 1 0 1 0 0 0 0 14 22 3409 112 3521
1723 0 0 1 0 0 0 1 0 0 17 2 3002 144 3146
17,24 0 0 1 0 0 0 0 1 0 2 2 3257 191 3448
1725 0 0 1 0 0 0 0 1 0 2 25 a775 209 4984
1726 -1 1 0 0 0 0 0 0 0 22 26 2920 204 3124
1727 El Kl 0 0 0 0 0 0 0 0 20 27 2832 187 3019
1728 El El 0 o [N 0 0 0 0 0 1 28 3185 143 3328
18,19 0 0 0 0 0 0 0 0 0 0 0 8 18 3975 75 4050
1820 0 0 0 0 0 0 0 0 0 0 0 2 20 3516 16 3532
1821 0 0 0 0 0 0 0 0 0 0 0 10 21 2961 88 3049
1822 0 0 1 0 0 1 0 0 0 0 19 18 3975 171 4146
1823 0 0 41 0 0 0 0 1 0 0 10 2 3002 88 3090
1824 0 0 1 0 0 0 0 0 1 0 20 2 3257 164 3421
1825 0 0 1 0 0 0 0 0 1 0 2 18 3975 224 4199
1826 1 1 0 0 0 0 0 0 0 0 13 2 2920 136 3056
1827 1 1 0 0 1 0 0 0 0 0 2 27 2832 212 3044
1828 1 41 0 0 0 0 0 0 0 0 12 28 3185 104 3289
19,20 0 0 0 0 0 0 0 0 0 0 0 10 20 3516 91 3607
1921 0 0 0 0 0 0 0 0 0 0 0 2 21 2961 16 2971
1922 0 0 1 0 0 1 0 0 0 0 2 22 3409 212 3621
1923 0 0 41 0 0 0 0 El 0 0 16 23 3002 151 3153
1924 0 0 1 0 0 0 0 0 1 0 14 2 3257 112 3369
1925 0 0 1 0 0 0 0 0 1 0 16 25 a775 130 4905
19,26 El Kl 0 0 0 0 0 0 0 0 17 2 2920 168 3088
1927 El Kl 0 0 1 0 0 0 0 0 2 27 2832 232 3064
19,28 4 4 0 0 0 0 0 0 0 0 18 28 3185 156 3341
2021 0 0 0 0 0 0 0 0 0 0 0 8 21 2961 72 3033
2022 0 0 1 0 0 1 0 0 0 0 17 20 3516 158 3674
2023 0 0 1 0 0 0 0 Bl 0 0 12 2 3002 101 3103
2024 0 0 1 0 0 0 0 0 1 0 18 2 3257 148 3405
2025 0 0 1 0 0 0 0 0 1 0 20 20 3516 211 3721
2026 1 1 0 0 0 0 0 0 0 0 15 2 2920 149 3069
2027 1 1 0 0 -1 0 0 0 0 0 2 27 2832 225 3057
2028 4 4 0 0 0 0 0 0 0 0 10 28 3185 88 3273
2122 0 0 1 0 0 1 0 0 0 0 2 21 2961 218 3179
2123 0 0 1 0 0 0 0 El 0 0 18 23 3002 164 3166
2124 0 0 1 0 0 0 0 0 1 0 12 21 2961 138 3099
2125 0 0 1 0 0 0 0 0 1 0 14 21 2961 156 3117
2126 El Kl 0 0 0 0 0 0 0 0 19 2 2920 181 3101
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v ey v 4 A o v a ]
naaninlaanesesieatuayunsdndulaluniseanuuugeaislil (se)

AA20-AX | AA20-BX | AA20-CX | AA30-AX | AF10-AX | AH20-AX | AH20-BX | AH20-CX | AH20-DX [ AH30-AX [ AH30-BX | AH30-CX | AH30-DX | AL10-AX
ENG_CON|ENG_CON|SUPPORT [ENG_CON|FUEL_PU |STARTER |STARTER |STARTER |STARTER |STARTER |STARTER [STARTER |STARTER |CLUTCH_

T_526_T [T_S26_T |_S26_THI|T_M1G_T|MP _S2G_MT |_S2G_MT|_S26_DX |_S2G_DX |_M16_M |_M16_M | M1G_DX|_M1G_DX|sw_LHD_|
HI HI LoNG [H _with_PU _with_PU[T T_with_P |_with_PU [with_PUS
NG SH SH UsH SH H

27.00 8.00 23.00 17.00 9.00 17.00 12.00 12.00 20.00 11.00 9.00 9.00 27.00 12.00

Node |[*| 2 |=| 3|« 4|+ 5|-] 6|v] 7| 8|7 9|r 10| 11| 12|r] 13[r] 14|v| 15|v| TotalN(r| Node|x| Base prid~|Circuit pri~| Total pri¢r|
21,27 =l -1 0 0 = 0 0 0 0 0 0 0 27 27 2832 245 3077
21,28 -1 -1 0 0 0 0 -1 0 0 0 0 0 16 21 2961 149 3110
22,23 0 0 0 0 0 0 0 0 0 0 -1 0 0 1 23 3002 99 3101
22,24 0 0 0 0 0 0 0 0 0 0 0 Bl 0 15 24 3257 126 3383
22,25 0 0 0 0 0 0 0 0 0 0 0 =l 0 17 22 3409 164 3573
22,26 0 =l -1 0 0 0 -1 0 0 0 0 0 30 26 2920 280 3200
2227 0 =l -1 0 = 0 0 0 0 0 0 0 32 27 2832 299 3131
22,28 0 =il =il 0 0 0 =il 0 0 0 0 0 25 28 3185 219 3404
23,24 0 0 0 0 0 0 0 0 0 0 0 =l 0 12 23 3002 134 3136
23,25 0 0 0 0 0 0 0 0 0 0 0 =l 0 14 23 3002 152 3154
23,26 0 =il <l 0 0 0 =il 0 0 0 0 0 21 26 2920 190 3110
2327 0 =il <l 0 =l 0 0 0 0 0 0 0 29 27 2832 254 3086
23,28 0 =il =il 0 0 0 =il 0 0 0 0 0 20 23 3002 174 3176
24,25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 24 3257 37 3294
24,26 0 =il <l 0 0 0 =il 0 0 0 0 0 27 26 2920 272 3192
24,27 0 =il <l 0 =l 0 0 0 0 0 0 0 35 27 2832 336 3168
24,28 0 -1 -1 0 0 0 -1 0 0 0 0 0 24 28 3185 231 3416
25,26 0 -1 -1 0 0 0 -1 0 0 0 0 0 29 26 2920 290 3210
2527 0 =l -1 0 = 0 0 0 0 0 0 0 37 27 2832 354 3186
25,28 0 -1 -1 0 0 0 -1 0 0 0 0 0 26 28 3185 249 3434
26,27 0 0 0 0 0 =l 0 - 0 0 0 0 0 0 10 27 2832 76 2908
26,28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 26 2920 61 2981
27,28 0 0 0 0 0 - 0 -1 0 0 0 0 0 0 15 27 2832 137 2969



v ea v A N 9 v a !
nadwinldanninIesflieaduayunisdndulaluniseanuuugpanslu (sie)

72

Max_loop = 100 Max_loop = 100 Max_loop = 100
Repeat n= 15 Repeat n= 15 Repeat n= 15
Cost_min Running time P/N remain
HMCR HMCR HMCR
HMS PAR n 0.70 0.80 0.95 HMS PAR n 0.7 0.8] 0.95 HMS PAR n 0.7] 0.8 0.95
0.1 1 58,120,765 54,836,696 56,132,910 0.1 1 26.3 3267 29.73 0.1 1 16 17 16
2 54,930,315 51,277,202 50,687,942 2 3193 32.76 33.96 2 14 15 17
3 53,010,732 52,807,807 51,551,548 3| 3273 35.16 33.42 3 15 13 16
4 52,913,020 51,516,697 52,386,470 4 34.24 33.84 33.59 4 15 16 16
5 60,701,657 56,132,910 48,878,662 51 3426 33.26 3377 5 16 16 13
6 51,081,209 51,519,344 51,608,279 6| 3198 38.44 43.01 6 16 13 16
7 54,059,916 56,904,995 51,608,279 7 26.18 41.56 38.83 7 16 16 11
8 58,851,015 49,691,865 51,976,762 8| 2939 43.27 37.57 8 16 15 15
9 57,826,976 56,438,671 55,885,710 9 3221 43.98 37.33 9 15 15 15
10 55,211,531 54,391,762 51,122,083 10 3173 437 40.29 10 14 12 18
11 62,049,056 53,799,982 54,654,962 11 326 44.07 39.45 11 19 17 14
12 57,789,711 55,825,562 49,034,197 12" 3558 42.63 44.16 12 15 14 13
13 47,454,515 52,607,641 53,958,902 13 3221 4334 40.95 13 13 17 15
14 47,454,515 56,009,776 48,690,692 141+.35.97 41.26 40.62 14 15 17 16
15 57,627,942 52,667,597 50,942,265 15 4112 41.79 39.47 15 15 17 12
025 |1 55,705,389 56,445,707 54,782,330 0.25 1] 2683 45.18 39.56 0.25 1 18 17 15
2 55,278,513 59,216,267 51,961,046 2 325 44.41 41.48 2 18 18 18
3 59,393,340 52,571,222 51,151,367 3 3239 44.12 4238 3 18 17 16
4 58,808,612 51,722,514 47,401,763 4 45.04 46.18 48.44 4 17 15 18
5 58,808,612 51,722,514 52,605,081 5| 4459 44.41 44.74 5 18 15 17
6 55,101,316 51,461,927 50,358,589 6 3987 40.39 3775 6 18 16 15
7 55,799,942 51,461,927 49,179,835 7| 3693 40.86 375 7 19 16 16
10 8 51,381,425 51,519,875 49,179,835 10 813747 41.56 37.75 10 8 16 16 16
9 57,453,631 53,564,420 53,324,226 9 [ 3911 40.86 378 9 17 16 15
10 54,332,062 53,801,156 50,361,190 10( /3746 41.07 378 10 16 18 14
11 61,580,786 50,980,949 51,830,517 11 39.92 40.43 37.51 1 17 15 15
12 52,471,448 52,563,699 52,196,335 12 4239 37.93 37.58 12 13 15 13
13 57,631,921 53,588,120 52,044,896 13]° 40.88 37.67 37.55 13 16 15 16
14 56,288,464 61,185,068 50,199,645 14 3978 37.64 377 14 17 15 13
15 56,288,464 54,270,231 49,399,005 15[ 4095 31.75 318 15 17 16 13
0.5 1 52,605,081 54,192,885 50,614,378 0.5 1| aar7 4171 39.11 05 1 15 15 15
2 59,849,943 52,594,448 50,407,271 2| 4337 4243 4162 2 15 16 15
3 60,038,135 53,323,459 55,366,843 3 46.8 42.03 37.08 3 18 15 16
4 58,404,510 53,518,383 55,366,843 4| 4362 39.05 41.31 4 16 18 18
5 57,404,527 60,724,908 51,735,036 5| 4125 41.42 39.45 5 16 18 15
6 52,808,491 54,823,006, 51,976,248 6| 3766 37.92 38.02 6 16 14 13
7 55,821,976 58,167,496 49,244,450 7| 3764 37.97 3747 7 17 15 14
8 55,757,372 52,680,138 50,962,455 8 | 3745 37.92 37.94 8 14 16 16
9 54,461,614 52,164,501 50,260,312 9| 3734 37.83 379 9 16 14 14
10 59,334,383 53,430,215 50,618,473 10( 3762 37.92 37.75 10 15 17 14
11 58,363,551 55,886,476 49,231,946 11} 37.67 37.94 37.75 1 17 15 14
12 58,363,551 48,918,685 51,779,189 12| 3761 37.95 37.72 12 14 15 14
13 55,257,302 51,120,414 49,517,216 13 3862 37.92 39.09 13 13 15 15
14 58,370,665 57,782,383 51,342,157 14 37.89 37.94 39.36 14 17 16 16
15 58,370,665 49,639,819 51,342,157 15 37.82 37.95 39.22 15 15 13 15
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Max_loop = 100 Max_loop = 100 Max_loop = 100
Repeat n= 15 Repeat n= 15 Repeat n= 15
Cost_min Running time P/N remain
HMCR HMCR HMCR
HMS PAR n 0.70 0.80 0.95 HMS PAR n 0.7 0.8] 0.95 HMS PAR n 0.7] 0.8 0.95
0.1 1 57,677,742 61,763,099 58,736,360 0.1 1] 4043 55.57 55.16 0.1 1 17 14 16
2 59,263,143 62,996,982 60,063,712 2 3771 55.52 55.36 2 14 16 16
3 55,524,022 62,121,440 55,415,180 3| 3794 55.55 55.01 3 15 16 17
4 56,095,395 59,884,255 62,782,137 4| 39.69 55.52 55.21 4 15 17 17
5 59,751,529 59,737,498 62,697,707 51 3943 54.18 55.27 5 15 13 18
6 56,905,579 57,594,906 56,731,049 6| 5352 54.01 55.02 6 15 15 15
7 61,524,214 61,250,587 58,920,704 7 53.26 54.01 55.07 7 16 17 15
8 58,997,076 59,550,785 58,566,629 8 534 54.02 55.38 8 15 16 14
9 63,240,312 64,769,786 56,748,049 9 55.03 53.96 54.97 9 19 14 16
10 59,189,465 59,627,498 55,706,078 10 56.63 5374 55.21 10 15 17 16
11 57,448,163 55,308,532 57,775,481 11 5549 53.99 54.88 1 15 16 14
12 63,512,267 57,887,475 59,080,240 12]7.55.25 53.93 54.89 12 16 15 14
13 63,567,870 62,788,143 60,805,383 13 5529 KT 55.25 13 16 17 14
14 56,575,121 60,131,481 57,639,357 141+.55.55 53.6 55.02 14 16 14 14
15 61,958,144 64,632,155 61,740,858 15| 555 53.66 55.41 15 16 17 17
025 |1 55,956,741 60,791,442 53,677,583 0.25 1| 55.08 55.15 51.12 0.25 1 15 16 15
2 62,805,882 61,376,512 57,598,580 2 |.5487 5497 512 2 17 15 18
3 62,355,128 57,692,197 59,975,801 3 54.7 54.77 51.03 3 15 16 12
4 57,534,289 57,168,757 58,420,023 4| 5497 55.19 51.23 4 13 17 14
5 59,662,132 65,492,904 56,783,180 5| 5505 54.84 51.09 5 18 15 14
6 55,384,101 52,899,185 59,413,155 6| 5484 55.11 5117 6 16 16 17
7 61,335,881 59,378,459 57,668,846 7| 5508 54.75 50.96 7 17 17 13
50 8 58,392,125 64,443,537 58,195,252 50 85477 54.86 51.29 50 8 16 17 15
9 65,258,840 62,492,152 59,327,796 9| 5474 54.8 51.18 9 17 17 18
10 57,355,824 62,155,632 59,176,733 10 /54.64 54.62 51.23 10 15 16 15
11 63,888,184 59,865,674 57,575,583 11 55.21 5472 51.25 1 15 17 16
12 64,904,595 58,848,843 56,863,790 12~ 548 51.31 51.36 12 16 15 16
13 65,043,832 63,061,645 56,112,312 13| 55.04 51.25 51.31 13 18 16 17
14 64,311,109 61,276,533 64,126,554 14| 547 51.12 51.11 14 18 18 18
15 60,739,170 56,479,965 57,931,380 15| 54:85 51.36 51.18 15 16 15 15
0.5 1 62,501,706 56,747,209 58,834,218 0.5 1] 3862 429 433 05 1 15 14 18
2 57,843,742 61,387,017 57,907,418 2| 5125 4539 4557 2 17 17 16
3 66,689,788 65,797,245 63,055,841 3 5115 45.68 45.94 3 16 17 17
4 60,095,446 60,833,139 59,559,222 4 5142 44.68 45.48 4 17 17 13
5 63,624,174 60,880,031 57,344,486 5| 51.26 456 44.8 5 17 15 16
6 61,973,592 64,169,426 59,506,794 6| 5111 45.63 46.1 6 17 20 16
7 57,084,624 60,241,883 59,378,436 7 479 45.86 4519 7 17 17 16
8 53,031,543 63,085,090 60,288,534 8 | 3349 40.7 44.38 8 15 17 14
9 63,033,558 57,825,186 61,880,992 9| 4279 45.43 42.11 9 14 16 16
10 61,434,309 63,248,659 57,469,104 10( 44.29 45.66 4572 10 17 15 17
11 63,608,835 57,224,879 54,314,867 11} 4513 45.68 46.16 1 17 18 16
12 58,688,977 55,055,788 58,322,532 12| 46.08 45.79 37.13 12 17 17 16
13 58,043,504 58,029,065 56,542,617 13| 46.32 46.08 39.47 13 16 15 16
14 58,065,110 53,134,721 57,424,008 14 46.69 45.46 45.46 14 15 16 16
15 58,563,605 60,649,813 61,741,562 15 46.71 42.79 44.57 15 16 17 17
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Max_loop = 100 Max_loop = 100 Max_loop = 100
Repeat n= 15 Repeat n= 15 Repeat n= 15
Cost_min Running time P/N remain
HMCR HMCR HMCR
HMS PAR n 0.70 0.80 0.95 HMS PAR n 0.7 0.8] 0.95 HMS PAR n 0.7] 0.8 0.95
0.1 1 61,996,975 64,673,765 62,693,079 0.1 1 54.2 52.02 68.42 0.1 1 18 16 18
2 64,863,782 63,875,004 61,640,743 2 59.22 59.41 71.25 2 17 18 15
3 61,736,257 59,580,572 60,631,474 3| 6132 60.23 71.07 3 18 15 16
4 62,704,913 59,434,133 61,141,014 4 60.86 58.83 70.96 4 18 17 18
5 62,134,696 61,912,205 60,912,227 5| 6223 59.29 70.89 5 18 14 16
6 58,567,726 63,372,321 62,844,094 6| 6182 68.25 7121 6 16 15 14
7 60,831,339 60,785,415 55,102,611 7| 5992 68.25 71.07 7 19 13 16
8 68,031,042 65,175,531 62,581,470 8| 6156 68.5 7151 8 18 17 17
9 57,036,240 65,034,171 62,564,244 9 56.8 68.61 71.09 9 17 18 16
10 63,350,716 65,305,589 61,136,796 10 5839 68.28 71.07 10 16 16 16
11 66,200,273 63,178,620 59,075,737 11 6173 68.36 70.98 1 18 13 17
12 65,958,702 63,469,539 66,367,280 12 61.21 69.83 70.95 12 18 16 17
13 64,856,001 65,807,366 60,239,986 13( 61.87 70.84. 71.29 13 14 15 16
14 61,099,723 66,094,684 60,239,986 141+.63.01 71.14 71.04 14 15 15 16
15 62,913,345 60,479,217 56,427,517 15 60.78 7121 7121 15 15 15 16
025 |1 61,358,760 58,641,071 62,983,499 0.25 1| 67.98 62.86 52.62 0.25 1 16 17 16
2 63,132,276 64,544,315 61,123,821 2 7114 56.32 54.79 2 16 19 18
3 62,488,441 61,204,210 63,677,494 31 7999 56.05 54.84 3 15 17 18
4 63,350,669 60,828,435 61,209,812 4 7194 54.93 56.7 4 17 15 16
5 63,774,815 65,150,512 60,357,531 5| 7182 63.04 55.78 5 16 15 17
6 64,281,226 62,489,806 63,387,573 6 7132 55.11 61.48 6 16 16 16
7 65,643,593 60,813,668 61,534,910 7| 7148 57.67 54.84 7 16 16 17
100 8 61,537,834 67,550,928 59,896,571 100 89 71.59 64.51 5891 100 8 16 17 16
9 61,644,244 61,213,798 59,896,571 9 7121 63.49 62.27 9 18 16 17
10 58,333,657 67,896,185 59,790,706 10( /71.38 54.62 56.8 10 14 17 18
11 56,284,730 62,135,761 62,345,062 11 71.39 53.26 60.78 11 18 15 16
12 61,681,182 62,206,814 62,884,737 12f71.98 61.52 588 12 16 15 17
13 64,745,979 58,183,855 61,897,859, 13| 57.67 60.44 55.92 13 20 15 18
14 64,421,577 66,018,486 60,720,974 14 57.27 62.13 55.47 14 18 15 17
15 62,184,951 62,438,931 62,096,970 15| 5888 64.04 57.08 15 17 18 14
0.5 1 63,766,047 61,292,998 55,264,218 0.5 1] 5299 52.45 68.75 05 1 17 17 17
2 57,204,094 62,756,629 61,564,044 2| /5805 5262 7112 2 15 16 15
3 58,383,624 58,582,020 57,999,718 3 6491 62.52 71.07 3 14 18 15
4 58,178,904 65,186,786 59,478,220 4| 5827 6229 82.62 4 15 18 16
5 66,124,075 62,363,300 59,806,752 5| 64.22 62:55 70.92 5 17 16 15
6 61,238,509 61,169,050 59,127,725 6| 6214 68.62 71.03 6 15 18 18
7 61,804,436 63,537,588 57,136,021 7| 6025 709 69.09 7 17 16 18
8 61,584,097 65,014,562 63,249,335 8 [ 5953 70.76 68.98 8 16 17 18
9 65,460,071 61,556,669 59,529,791 9| 6419 84.8 56.43 9 18 16 17
10 65,460,071 60,718,958 60,075,181 10 56.75 70.92 56.39 10 15 16 15
11 59,202,407 63,456,760 58,855,314 111 608 68.58 68.8 11 15 17 15
12 63,881,112 60,312,329 64,696,622 121 53.77 70.95 71.42 12 17 18 18
13 57,933,639 57,562,517 60,315,357 13| 64.73 68.89 71.23 13 17 18 16
14 63,639,450 63,241,278 64,386,944 14 551 68.9 74.12 14 17 16 18
15 58,067,840 64,471,693 62,804,917 15 54.74 71.2 70.62 15 16 16 17




75

v ea v A A 9 v a !
naaninlaaneseseatuayunisdndulalunisesnuuugaaslil (se)

Summary
Cost_Min (Avg.) Running time (Avg.)
HMCR HMCR
HMS PAR HMS PAR
0.7 0.8 0.95 0.7, 0.8 0.95
01 55,272,192 53,761,900 51,941,311 0.1] 33 39 38
10 0.25 55,111,167 53,869,168 51,851,272 10] 0.25] 38 41 40
0.5 57,014,118 53,931,148 51,317,665 0.5] 40 39 39
0.1 59,415,336 60,669,641 58,893,928 0.1 50 54 55
50 0.25 60,995,189 60,268,269 58,229,771 50| 0.25] 55 54 51
0.5 60,285,501 59,887,277 58,904,709 0.5 46 a5 44
0.1 62,818,782 63,211,875 60,906,551 0.1] 60 66 71
100 0.25 62,324,262 62,754,452 61,586,939 100] 0.25] 69 59 57
0.5 61,461,892 62,081,542 60,286,011 0.5] 59 67 70
Cost_Min (Avg.) Running time (Avg.)
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Abstract

Electronic devices in /motor vehicles such as radio,.GPS, back camera and other
cutting-edge technologies are put to new. vehicles more-than before. It does not only
affect the complexity of assemblies and sub-assembly. design, such as auto wiring harness
sets, but also the costs of the whole value chain of the industry. The problem at hand is
how to design the common wiring’ harnesses which cover all of design requirements while
could maintain the whole value chain' costs at minimum._level. Accordingly, this paper
proposes an application of Harmony-Search (HS) algorithm which is categorized in a group
of artificial intelligence techniques. The study starts with” review all relevant design
requirements, manufacturing costs, and_supply ‘chain-costs. Theproblem is formulated
with the objective of minimizing the total' manufacturing and supply chain costs. Then, a
customized HS is_designed. and coded on VBA package: The computational experiment
which the data are drawn from the real situation of the design center of a car-maker
company is conducted. The results show that the Discrete HS is-a useful tool in the design
phase to cope with complexity of product of the sample.company. The-algorithm is coded
in VBA in Excel® thatuis ‘easy toruse to the staff and ‘no cost is“added to the sample
company.

Keywords: design complexity, optimization, harmony search, artificial intellicence

Introduction

As the furious competition in automotive market, car makers are faced the
problem of how to serve customers’ needs in all segments. This requirement brings the
car makers to provide a wide variety of vehicles to customers in all segments and sub-
segments. As a result, the car makers confront with the complexity management in all
their business processes. One of the complexity management issues that presents in this
circumstance is product complexity management. Product complexity relates to the

variety of and within the products or services the company offers to customers (Stephen
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and Perumal, 2009). The product complexity problem can be managed by carefully
designing in design phase (Pasche, 2008).

A sample company is a car maker who owns a design center in Thailand. The
company’s responsibility is to design automotive wiring harness sets for all models that
sold in this region. The automotive wiring harness is the main part of the vehicle electronic
circuit network. The main components consist of connectors, wires, outer packages, and
other cable ties. Fig. 1 shows the general form of automotive wiring harness set that
contains of main components, clamps, cable lacing, sleeves, and electrical tape. The wiring
harness serves the following functions: (i) the correct transmission of electrical signals, (ii)
ensure that the connection is reliable in all working conditions, (iii) supply of the designed
current value to the devices, and (iv) prevention of electromagnetic interference to the
surrounding circuits while excluding electrical short circuit (giveaway).

In design phase, the automative wiring harness -designers have to design the
common wiring harness sets that serve all vehicle'models while other relevant costs are
minimized. In the case of utmost peculiar sets (1 type of wiring harness set per 1 car
model), the cost of production-is raised while the cost part-acquiring is lessened. For

example, there are 3 car models; 2 types/ of gearbox, 2 types of brake systems, and 4

types of airbags, in case of utmost peculiar sets, we need.-to design 3X2X2X4X6 = 288
wiring harness sets. In ithis ;study, the cost of production. concerns to assembly cost
(giveaway cost) and_quality control cost.-The cost of part acquiring concerns to purchase
cost (because the price of. part is—lower for larger order quantity) and inventory
management cost. In the past, the sample company deploys-the expertise of design
supervisor in order.to make. decision that how-many common wiring harness sets should
have been designed. Moreover, no - one knows.the actual-optimum number of common
sets and how much the total costis. Accordingly, inthis study; we are interested in
developing a decision support-tool.for the automotive wiring harness design department to

support the design engineers.who need to make decision on this matter.

Figure 1  Automotive Wiring Harness

Resource: www.sws.co.jp
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Objectives

1. To design a decision support tool in order to support design engineers in a
sample company who need to make a decision on a number of common automotive
wiring harness sets designing.

2. To show how to apply the state-of-the art artificial intelligence

method—harmony search algorithm—in the circumstance of the study.
Significance of the Study

1. This study first introduces the" harmony search algorithm in complexity
management in the circumstance of automotive wiring harness design.

2. The output of the study yields the sample company the decision support tool
that can be deployed incorporate with the expertise of design engineers and supervisor in
order to make a good decision in design phase.

Research Methodology

The study starts with-collecting all relevantcosts both.in production and acquiring.
The production cost, i.e. giveaway cost, can-be illustrated by an example next. Suppose
we need to design a wiring harness set that cover all functions/for 3 car models as shown
in Fig. 2. The GL-Spec-1 is ‘the top model among the-three models. In automotive
assembly production, we need to giveaway of some-functions for-the lower models. For
example, we need to) giveaway. functions of Fuel Lid, PDrlicks-Ps, and PWindows for
production of LX-Spec-1. This. giveaway costs our production because the operators need
to cut, modify, and re-tie the. wiring_harness set before using-in” automotive assembly
production line..Nonetheless, in-case of acquiring cost; we can save the ordering cost on
the common wiring harness set because we can order a-supplier.as a larger quantity of
wiring harness sets (as-a mass production concept). On the other side, three peculiar wiring
harness sets much.cost us on-acquiring cost and inventory management cost because we
need to control 3 stock keeping units in our-inventory. However,. it saves us on giveaway
cost significantly.

The year of the study, the company faced the complexity problem of 87 functions
of automotive wiring harness which are divided into 37 function groups for 28 car models
(includes sub-models). The combinations may explode to 90,132 peculiar wiring harness
sets (due to the limited space of this paper, we omitted to describe the problem at hand
in details). Obviously, the human decision could not consider all combinations in order to
find good sets of common wiring harness sets which vyield the lowest total cost.

Accordingly, we deployed a harmony search algorithm for this problem.
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Figure 2 Example of the variant of automotive wiring harness

Resource: www.embedded.com

Harmony Search (HS) algorithm ~was- first introduced by Geem et al. (2000). It
mimics the improvisation process of -music _players.. Fig. 2 shows the structure of the
harmony memory (HM) that is the core part-of-the HS (Lee and Geem, 2005). There are
three instruments: guitar, double bass, and trumpet. There existing certain amount of
preferable pitches in each musician’s memory: guitar, {Do,-Mi, Sol}; double bass, {Re, Mi,
Sol}; trumpet, {La, Si, Sol}. If the guitarist randomly plays {Do} out of the memory {Do, Mi,
Sol}, double bassist {Sol}/out of the memory: {Re, Mi, Sol}, and trumpet player {Si} out of
{La, Si, Sol}, that makes the"new memory of (Di, Sol, Si). And.if the new memory yields
better solution than the existing memory in the HM, the-new memaory is included in the
HM and the worst harmony-is-discarded.from the HM. Thisis analogous to an optimization
problem that represent in/vector “of variables and- solutions; as shown in Fig 2. The
procedure is repeated until. certain termination criterion.is satisfied. The general procedure
of HS consists of steps 1-5, as follows:

Step 1:Initialize the optimization problem-and algorithm parameters.
Step. 2: Initialize the harmony.memory. (HM).

Step 3: Improvise a new harmony memory for the HW.

Step 4: Update the HM.

Step 5: Repeat step 3and 4 until the termination criterion has been satisfied.

o

Ei} £(203, 400, 104)

s
)
>0

Figure 2  Structure of Harmony Memory in HS Algorithm

Resource: www.mathworks.com
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The problem at hand falls in unconstrained optimization problem which can be

formulated as,
rrgcin f(x) (1)
where x € IR™ is a real vector with . = 1 components (Nocedal and Wright, 2006).
However, the natural constraints are the upper bound and lower bound of each decision
variables. Thus, it can be expressed as,
l’l‘lil’lf(x) subject to X; € X;, Vi € {1,2,.., N} 2)
Where f[x) is the objective function, X" is the set of each decision variable (II-); XI- is
the set of the possible range of values for each design variable, that is
Xilo = Xi = Xjup, where Xy and Xjgy are the lower and the upper bounds for
each decision variable; and [Vis the number of design variables. The harmony memory can

be expressed as a matrix, as shown in (3)

S x4 = O\ ) Xy ]
x3 2 =\ (8l 1 X3
HM = : : : : 5 (3)
xHMS—Y YEMS—1 |0 HMSS1  yHMS-1
L a1 AR/ WS xHMs

To improvise the new harmony, it needs.-to execute on three rules: (i) memory
consideration, (ii) pitch adjustment, and.(iii) random selection. The memory consideration is
a method of new vector generating (X i) which 'is chosen from any value in the specified
HM range (X3 — xf”s). Value of other decision variables. (X3, ..., X ).are chosen in
the same manner. The parameter that need to be predefined in this step is harmony
memory consideration. rate. (HMCR). t-must be varies between 0"and 1. While HMCR is the
rate of choosing one value from the historical values stored in the HM, the (1-HMCR) is the
rate of randomly selecting one value from the-possible range of values.
x| € {x};%f, .7 x M5} Gt probability HMCR "
x I’ € X; with probability (1-HMCR)

r
X; <
Then, the pitch adjustment rule, this operation employs the pitch adjusting rate
(PAR) parameter, as shown below,
. es with probability of PAR
Pitch adjusting decision for X; € _ o . (5)
: s ! {N: with probability of (1-PAR)

If the pitch adjustment decision for x; is Yes, then it is replaced as follows:
xj e x;+r -bw (6)
where bW is an arbitrary distance bandwidth, * is a random number generated using

uniform distribution between 0 and 1.
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Finally, the random selection is applied to each variable of the new harmony
vector in turn. If the new harmony vector is better than the worst harmony in the HM, in
term of objective function, the new harmony is counted into the HM and discards the
worst one.

The algorithm was coded in VBA and executed on Windows 8 operating system
with 1.7 GHz, core i5 CPU and 8 GB of RAM. The data test was drawn from real data of the
sample company. Due to the confidential information, the detailed description of the data
is not permitted.

Results

The case simulation was conducted on a number of combinations of relevant
parameters: HMS (10, 50, 100), PAR (0.1,.0.25,05), and HMCR:(0.7, 0.8, 0.95), in order to find
a good combination for the!case problem. Each' of combination was run 15 times with
1,000 iterations for comparing the average of them. The results are shown in Table 1.

The best combination is written -in bold, at ,cost-of 51,317,665 baht, under the
combination of 10 of HMS, 0.5 of PAR, and 0.95 of HMCR. Then; by using this combination
to find the best one, we executed it again for 15 times to get-the best result. It is found
that the best design was 10 part number of wiring harness sets. It came up with a cost of
43,127,184.86 baht and running time of 8.312 min.

Discussions

The cost of complexity-management that got from-HS algorithm was compared to
current situation of the sample company. The technique the”company applies is using
expertise of design supervisor and" design 'engineer. Because ‘they neglect the cost of
giveaway and focus on only part acquiring (cheaper by. the dozen), they propose 5 wiring
harness sets for all car. models:

Table 1 Minimum Cost of Automotive Wiring Harness Design Using HS Algorithm

HMS PAR MVCH
0.7 0.8 0.95
0.1 55,272,1921 53,761,900 51,941,311
10 0.25 55,111,167 53,869,168 51,851,272
0.5 57,014,118 53,931,148 51,317,665
0.1 59,415,336 60,669,641 58,893,928
50 0.25 60,995,189 60,268,269 58,229,771
0.5 60,285,501 59,887,277 58,904,709
0.1 62,818,782 63,211,875 60,906,551
100 0.25 62,324,262 62,754,452 61,586,939
0.5 61,461,892 62,081,542 60,286,011

"in Baht
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However, if we deploy the cost function which consider all relevant costs: part
acquiring, giveaway cost, supply chain cost, etc. The cost that the design team generated
was 46,549,814 baht. Obviously, the HM can lessen the total cost more than 7.35%.
Furthermore, this decision support tool had no cost to the company since it can be added
to a personal computer in the company.

Suggestions
Though, this design project did not consider some engineering constrains which

may occur. For example, some giveaway functions may not be allowed in the technique

because it might cause on other electronic devices work improperly. As a result, we plan
to conduct further research to apply the HM.on. constrained optimization problem for this
matter.

Conclusions
This research proposed-a decision support tool that.deployed the state-of-the art

technology of artificial intelligence, harmony search algorithm. The.concept of automotive
wiring harness set design was-described. In the past; the design engineers spent much time
to design the best combinations of wiring harness sets. Owing to its complexity, it was
suitable to make use of the decision support tool: The method of customizing the
harmony search algorithm for /this. problem -has, been-illustrated. The results of the
experiment showed that the harmony search algorithm was an effective tool saving the
company cost as muchas 7.35% by .comparing the current-method.
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