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Abstract

This research proposes a reduction of logistics cost in production process by
using the Finite Capacity Scheduling (FCS) System for assembly flow shop with multiple
common due dates. The proposed FCS system is a two-step procedure. Firstly, it uses
hierarchical dispatching rules to sequence the jobs. Secondly, a linear programming
model is used to determine the optimal start time of each operation to minimize total
costs of tardiness penalty, holding cost of finished goods and work-in-process, and
changeover cost, considering the finite capacity of all work centers and precedence
constraints of operations. A case study using real industrial problems is conducted to
demonstrate the performance of the proposed FCS system. The results show that all
levels of the hierarchical dispatching rules significantly affect the scheduling
performances. The linear programming (LP) approach can effectively determine the
optimal start time of each operation to get the optimal schedule based on the sequence
of jobs generated from the hierarchical dispatching rules. Moreover, the best sequence of
jobs generated from the hierarchical dispatching rules is at least local optimal since when it

is modified by local search methods, its performance cannot be improved.

Keywords: Logistics cost, Mathematical model, Local search
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M08 19TUIU 10 YA F9M15797 1 (Table 1) wansdunuitinann1sly EDD rule uag random
rule PINUIAUYUTIMALVINU 2,179.19 U Uag 5,788.43 UM ALAWU LagINNITNAHDU

T-test wu31 EDD rule liriAninegsdidedfgfissduiod Ay 0.05 Jsdaidudeniguild

1A5in1sIaaauTestuLas EDD rule 11lglunisdnannured job laaisnazaiuisanla

nalain job NIMMUAdINDU AITITABITUNANNDU job NHANUAETINA

Table 1 Cost of random Rule and EDD rule

Data Tardy cost Holding cost of FG Holding cost of Change over cost Total cost
WIP
Random EDD Random EDD Random EDD Random EDD Random EDD
1 439.21 266.75  4,85895  1,517.29 34157 266.92 77.00 84.00 5716.73  2,134.95
2 437.17 359.42 500475  1,570.74 407.55 306.22 77.00 84.00 5926.47  2,320.38
3 468.82 283.62 481312  1,546.55 358.37 276.45 77.00 84.00 5,717.31 2,190.62
4 471.25 355,59 505153  1,494.60 381.37 284.55 77.00 84.00 5981.15  2,218.74
5 450.03 28754 495252  1,555.85 390.10 293.36 77.00 84.00 5869.65  2,220.75
6 423.22 27536  4,807.93  1,466.25 351.56 261.60 77.00 84.00 5,659.71 2,087.22
7 447.62 267.17  4,821.85  1,461.60 344.51 261.24 77.00 84.00 5,690.98  2,074.00
8 427.75 27232 493381 1,514.02 356.45 272.46 77.00 84.00 5,795.01 2,142.79
9 442.38 287.66  4,895.65  1,576.71 378.77 286.48 77.00 84.00 579379  2,234.84
10 452.75 34598  4,844.84  1,467.08 358.87 270.58 77.00 84.00 573346  2,167.63
Aver. 446.02 300.14  4,89849  1,517.07 366.91 277.99 77.00 84.00 578843  2,179.19

2. UszanSnmwes family sequencing waz time sequencing

M54 EDD rule HufiuszAvsninuinnia random rule detfulutuusnismsii
nsdndrduestuiay EDD rule inldlunisdadrduues job druduil 2 uax 3 §35614 Two-
way ANOVA 1vnd@euuszansnimues family sequencing Lay time sequencing tanatu ¢1a
57971 2 (Table 2) wuin main effect Nne (family sequencing, time sequencing Uag
data set) significant W interaction (family sequencing x time sequencing) azlal significant
§391571971 3 (Table 3) ForareaN1IMAABY Tukey’s multiple range FauUa family sequencing
oonilu 4 ngu Fsnguilliinannasuiifiian Ae level 3-2-1 du time sequencing TMVNaTIA

ﬁqm Ao Longest Processing Time Rule (LPT Rule)
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Table 2 Test of ANOVA

Factors P-value
Family sequencing 0.000
Time sequencing 0.000
Family sequencing x Time sequencing 0.563
Data set 0.000
Table 3 Test of Main effect
Main effect Level Mean
Family sequencing 2-1-3 2,366.3(4)
3-2-1 2,103.9(1%)
1-3-2 2,263.6(3)
2-3-1 2,121.2(1)
3-1-2 2,180.1(2)
1-2-3 2,365.7(4)
Time sequencing Random 2,221.3(2)
LPT 2,213.8(1)
SPT 2,265.4(3)

wonni ledumsuandliifiufeussnsamues ime  sequencing wazwuy
FauanaszAnSamuazaunurensly family sequencing WUy Level 3-2-1 iU time sequencing
WUU random  uazUsednSnmuasauyurensly family sequencing wuu Level 3-2-1 fiu LPT
wag SPT rule Mud1RU dulsEanBAIMUAZALYLYES time sequencing wsiazwuuldagulily

19157197 4 (Table 4)

Table 4 Result of Time Sequencing

Time Tardiness Tardy Earliness Holding Flow Holding Changeover Changeover Total
sequencing cost cost of time cost time cost cost
FG of WIP
Random 2.36 204.66 56.10 1559.36 18.60 25592 0.2708 45.49 2065.45
LPT 5.07 255.07 37.72 1481.68 13.68  221.13 0.2708 45.49 2003.06
SPT 1.14 256.53 71.69 1569.82 20.17  269.21 0.2708 45.49 2141.07
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3. nmsuSuleusEanSamlagldisnisAuvnanizit (local search methodology)

o = I

nsUsuUTsnauauAmimuede ety fanudnd 7 35n1591nadu job Navun

18 38 Nildunugudnies dudn 11 Wimdeddunuuiiudunuiiiigaiinaindidu

q q

. A = = v & v o o . o 9
294 job mnzauiian Fauansliiiuitnnisaduaidures job Tugduuull liaunsausuuss

UseAnsnmuasdidunisndnls dunuuesn1sadu job Meglunquaudifediu uimunds

o

Auar U nuIddunungulunn 9 nsdl nnsiivesiuuNsddumMIINIIA MU Uag

1o ]

Aununsnuinwduadnsagudiusiunuensadu job Negauazngudud wiliinvund
Tudgaiu Fanuhidunuauyn 9 n3al suillosnanduunsuiuldewaiesdng uansli
Wiudn1sadu job  Megauaznquaniuaziidmundiauaziu vinludidunuigau 910013
WNTLYBIUUNY T
Aalusanusaagulainnslaisnisfunameildaiunsausulgedsyansam
o o W a v o o v aAad o & v o . .
YINFIASWUNMIHEALA Nsdnddunafiandsmatunsly EDD rule, n33m Family sequencing

WUV Level 3-2-1 uag Time sequencing Wuu LPT rule

anusiena

°

NITeiannsatieuIEnanduyulusuduunsdsdumindtiivua (tardy cost)

fununIsiusnedudl (Holding Costs of WIP and Finished Goods) wagsiununisusuiien

LA38399NT (changeover cost) FIINNITNAADIFAUSIAUNIUNIALA 18 TENUIINITIAAIAUTIA

o
a U W

fign (case 8) awnsaandunuld 13.75% nn1sTadiFuLuUANYe T (case 12) Bnviadfa
ansavhlfArn s L sHaafiunraunmeldteulalunisudnding q vesussvnsdifinw
Fdlusuansideianusaresenlfinsgddlifinsinsundununisdadudiniisinun
(tardy cost) fiuyunaAuSNYIEUA (Holding Costs of WIP and Finished Goods) uagfunu
mMsU¥ulasuedesing (changeover cost) Faazshlriuunsnantusmnyausnng iy Sndtad

anunsasogenlunulusunsulglun1sAuudlusunsudaduy (inear programming) 414348

Ao

Hazmnzaudetgnindded

o

Aanlduninuadinsdi@nuiivediavazdadelunisudndu

o

FIUIULINLILALGLIA T UNITAIUIUAUIULIN AIHULNIT881998 190N 15TMNUNEEY

= 1

fegnatu wndRaRndaiegvianeisaeiu s

d3UNan1339Y
NATlMEUINTINANTIINSHAR TR BANTID YDAV INSNENNTFINSUNISYINIU
Usgnaumdussuunsndnuuusaiiasiusasiimundsiufediu 81n153an1519n1saniiag

Usznauluaie 2 Tusaumdn q Ao 1) MIIAEIRUTOS jobs RINTAUNAINAIRUTUYBINTINAIRU
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Nuitlsznauluiig 3 Tupeugey 9 2) NarsaunansuRaazaufan lngldlusunsuds

W FannnisldteyavesuTevnsddng wudnisdndrdunanagn fAe nsly EDD rule, N340

q

family sequencing WUU Level 3-2-1 uad¥ time sequencing Wuu LPT rule usogslsAnia
a My vy a P a a s a Y A
LLNumimamulmmmﬂm{l%ﬁuazﬂaﬂﬁmmmiawamﬂuﬂw’lmwagiummﬁmﬂﬂm AU

MIARRUNVUNS BUBEAININAUNUNRBE19UNN D19z lekaUNSNARTLANANalUaNT

AnAnssuUszne

AuziiTedoeveunuUIth 718 nadla Alriteyalunisnw uasveunantuide
waziaun 1ninendoswAniiyaasasuilinisaduayununside (uussnuusuhu 2561)
dynymuanil RD1-61-5-10 uazveunmanzaluladgnamnssy fdeioiniosiie gunsal
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