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# # 5833545323 : MAJOR MATHEMATICS.
SUPACHAI INTA : HEURISTIC METHOD FOR JOB SHOP SCHEDULING PROBLEM
WITH DUE DATE.
ADVISOR : ASST PROF.PHANTIPA THIPWIWATPOTIANA , Ph.D., 72 pp.

In this project, we study job shop scheduling problems with due date and
use two methods to find solution of a job shop scheduling problems with due date
and state an appropriate objective function. First, we use integer linear programming
method. Second, we use nondelay scheduling scheme method. Next, we use 10
Jobs and 5 machines for benchmark of job shop scheduling problems. In case of due
date. we consider three types of due date and assign parameters that correspond to
a job shop scheduling problems with due date. After that, we use the relative error
(RE) and the mean relative error (MRE) to compare solutions. Finally, we conclude all
results and explain the problems we had been encountered while using nondelay.

Maoreover, we provide an idea how to improve our heuristic method.
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1.1 VANNSHATUANE

nsdnnnsnsuanduduneunisdadularilimluluduseguesnansudnuazgnany-
n35un13U3Ns nefinsdnassinennsiiauuusseznaficmuauasiidmnglunism
Fnoufivnzandstuiuiteiduanyszasdvesilymiiaald lulassnudisaelinsnensuny
fishe 1A3098ns (Machines) waglidsiidosiumuiisng 91w Uobs) Tnefisilé@nuwnilym
MsdamssnsnaniiAnsAuinun Ingauildlunsnanseninaisevieuuuedesdng uas
fimtruanadainarensinuaianewdendsvernariitnualiuniedesdae Filé
Ttlyvanasgiu Benchmark) 1u1m 10 91U 5 1A3093NT S1uau 5 Ty w¥euduiansan
fuanatueneendu 3 wuukazimuasnsfwesie JHuasafigenndeatutlym
fanan mniuarldiznsruan s B adus i (nteger linear programming method)
LaZITNTIAMITNNTHARLUUUOUALAY (Nondelay scheduling scheme method) Tunns
mﬁmauﬁmmzauLLazﬁmaUﬁiﬂé’Lﬁmﬁmaummxamaaﬁzy)mﬂ%wmmuﬁﬁu {losann
AEmsmmunnsdadusouiuiuausamineuiivnsadlduniverdadunadmsu
mMsuddeum vunalng Fedin1sth3insdamsensudnwuuneuiaduldtemdneuiilng
Fesiusmeufinsaunsoui LLﬁmL’Jaﬂuﬂ’liLLﬁ‘ﬂiy%W’mﬁg\‘i 2 38M13 Mnius1azthe
pouRINT 2 35ms wlSeudlouriumdesazanuasaAAuUduTTS (RE : Relative Er-
ror) uay ALaAETesierarAINARIALARELELTNS (MRE : Mean Relative Error) iiteuanslsf
Jiudn faeuiifunisuszinaiildannismsiamssmsuanuuuuouiiad duilnnuaann
\douifumnouuiaseilianisnsi uenmadadudnududieds lusastgmunsgu

NFDUAUANUAANG 3 WU
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VBULWAVDILATINY

Asandymuuindnaeinsdaasemswanniinmuanal Tnef S1uausuldifu

10 $MULALIIUIULATDIINT LAY 10 LATDIINST

Tflusunsu CPLEX uag Python Tunisuadaymi 2 sUkuu Usenaume Amuan1sis

LAUYBITIULALLAZAS 1T aRN AnudIeU

A5N15ALUUIY

Anwdgynin1sann1T19NISNER

(%

n. lasslazdydnvalrestyninisinnsenisuan
2. Unin1sinn1snensnanliosdu
A. JUrIN1T9AA1ITNNNTHAATIIATAUALEAN

Anwinslalusunsy CPLEX uag Python Tunismiaimeauvesdeminisdnnisnenis

NAMNI N UALIEAN

Weusiaveslymnisdanisrenisuanidnvuanatlulisunsy CPLEX wag Python

ngUnuudymidady
mAmaUveIlynIn1Tdansnsnaaniinuanaluuluskngu CPLEX wag Python

W3 UBUAIAIMUARIAAADUFUNNS AL ANLRAEUDIANUARIMLARDUTUNNS SIUN4

mnalglunisundemuesms 2 38013
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N33R NNITHERNINMUALIAY
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UNN 2

Uun1n133an1519n1sHanninInuaLan

2.1 Jgynn1590n1319N1NER

Tulpseaull wazfnwrtyninsdnnisenisuan (Job shop scheduling problem)
fp9AUsenauvian 2 @1 Ao 91U (Jobs) Wag LA3a9ans (Machines) 1ag9 n kNUIIUIUVDY
SUNIUA WAL M BNUITUIUTDILASD9INTNNUA

foand avmuueli i = 1,2, ...,muay j = 1,2,..n

U U

« O;; wnu 1aiaistu (Operation) gNIRGIAUNTITYINNIY (F1FUNITHER) VOINUN j
UULATBIINTAGUN 4

o J; Wy wauadlaistunyinaunafureaIoadnsnAMUANIYEIIUN |
o M; WU WAUDIalUalsTUNYINIUULLASBIINTT 4
‘é’ U a U 1 v v U lﬂ‘ U U ldg’
wonNUlgmnsinnsinsanfinandesaennaeiuioulufssialul

1. TuwFagauasinnuAv981AUVDLATBIINSIT L UNTVINUT UL La llaunsawn v

419U N15VNIIUVDUATDIINITNANUAUILAILA
2. Towastuuununelnuluauisavinaunsouduls o vasnadediuy
3. W3999NTWFALIASEIIEYINUlMNeITalalasTU i VEAaLAeINUY

Tumsuidayymsiaasenisudnlaenily awlingUseasdlun1sdansnen1snand
Tisrernalnnu vesssuuvisenauly (Makespan) doeiian uilulasanuilisnasfinm

a a = 1 = a I~ 3 LY
WL Beaznanitesiuazidensnasiluimde 2.2



2.2 Ugynn133nn1sNNITHAANANINUALIAT

Ygymnisdnsnsenisuaniiininuaiial Job shop scheduling problem with due date)
Ao Tna1nuALN LR IIUAITIEVLES AU (Due date) FalulATIUIls 192 AnE

a Ao o

Jgynsdamsamssdaiiimuana sxdiefvuinun fagldlunsuanluvazyinisuan
(Holding Cost) uazAfiusnuwansasidlondnasansuntinardismun (Earliness Cost)
suerndemeiiintuilendnasandaeinnanditinue (Tardiness Cost) munsinunay
3983049 A linear programming-based method for job shop scheduling [1] ¥84 Karem
Bulbul uaz Philip Kaminsky Tnsanunsadeusansdymnisdansnanisuandidinuaian
TugUveslymimuanisBadu (Linear Programming Problem) fivsznaudg Hadugm
Uszasn (Objective function) uag Feuly (Constraints) Fasolud

Wandugauseasa (Objective function)

Minimize Z Z hijwij =l Z(EjEj + 7Tj,Tj) + ’}/Cmaz (1)
j=1

j=1 i=1

lﬁlau‘hl (Constraints)

s.t.
Cij —wy; =71+ pij vy (2)
Cij — Cliz1yj = Wiy + pij Vi=2,..,m, (3)
Chi — Cyn > pra. 38 Cyp, — Chy > pyn VO, Ogn, € M; (4)
Cij,wi; >0 Vi Vj (5)
Cryi + Ej =Ty + d; vy (6)
Craz 2 Cmmyj vy (7)
E;,T; 20 vy (8)
Craz 2 0 9)

WG Vi WU Vi e {1,...,n} wag Vi unu Vi € {1,...,m}



Handugauseasduasioulunneg veslymdingn asusenaumediuls (Variables)

warW1510Lmas (Parameters) fanalUil

W1510LMas (Parameters)

Pij HNUAE Franafiendt j Wlumsvhaouuuedesdnsaisud i

hi; wngne anfiununtanildlunssdalusagyhnisdasomienaives
P TuvasfiseBurhauuua3ossnsddud ¢

r; Wy nanEudulunsiauveanud

d; wnushe nafismualivesudl j vuanaivesui 5)

e; Unusy AnuShwnandudidondnasaneuntnainiuaneienal

YOI j

m; WUy AdemeliinTulendnidsanaiinnaiinnuaseriiena

YOI j

%
[

v WNUAIY ANESENTUAUANLARLUY (Cras)

AawUs (Variables)

wi; WU F3auN 5 Tlun1ssensuasinauuuAIeIInsanue i
Ci; Wnugae nanfieud j Wlunisihauaiaduuuasesdnsadud g
E; wnume Paananfieud § Ilunisiauadansuntinaifinimun

T; wnusne 129nanfeud j lunisinuadiandsainnaiiinimun

o O,y Uy i j lunsiauasaduuuniesdnsddvaniing

o Chraw WNUAIY 1IATUANUVBITTUU (ANMUAALUL)
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Handugauseasduavtoulunneg vasymenanaunsaesuielanisil

Herdugaussasd (1)

= v 1 cI) 1 =3 (v} Y] Q{' a o a Y]

Aa AoaNsmARgavasA i ushwianiidlunisuanluraeitnisnanuan fuwa
IUVDIANAUS NN A UL DHANLASANDUNTNIANNINUA WAZANLFLMIETALAATY

%
(Y

aNAnlaanasannnaINauun vinfuedsreNvuiuauagUy

Feuly (2)

AUl Taalstuaisuusnadmazutuauisaisuyinanulandannatsuauly

A15YINUNAUALN

wauly (3)
AUl nnoud j wisvlowestuluwn J; desvihnuliaesndesiuiiduven
J; ={01j, Osj, ..., Oy} MUAIN TR Oy 1y, ERvIUlASWanle Oy
uEsa

Seulay ()

Ml dmsuusazleilaisturenasesdnsd i lulwn M; wWegin Oy vi5e Oy,

ADARARINTMARIRDLUT

~ 058l Oy NOU Oy + 36 Oy, 8EWINNULATNGANEIN O
Mauasa
= ) 1 v d‘ o Y d‘ [}
— N30 Oy, INUNBU Oy ¢ ke Oy BEMUlAEITIaANERN O,y

Mauasa
WDINA1AUTBILDLUBLSTUNYINITUUULASBII NS LRI

Wouly (5)
AUl dwsunn 4, 5 naieud j Tlunsihnuaseduuueniosdnsaisud ¢
WazYIaNNU j Wlun1959NeUILINUULLASBITNTARUT i ABITAININAIN

PIDNINU 0 LEUD
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wouly (6)

AUl nadldnsieuaunszivasEuULATEN I UdRTNETDILAAZIY
fosaanmaniturlsnaI R utultlunIsinuasanauninna finInue Lazye

L’;m‘ﬁamﬁfu’h’ﬂumaﬁwmum%wé’amﬂL’;m‘ﬁﬁmum

'
=1

wouly (7)

Y

AUl ANuAALUUADILINNIUIBWINAU AT IENITIIIUAULAS ARUVULATDIINT

[

AP UAANEVDILARTINUY

q

1
=1

Waulv (8)
AUl draanfiand § Mlumsihauasaneuminaiivun wasaiawnai

it j Wlunsihowasmdainnaifinvuedasda1dinninusewindu 0 Lae

$aula (9)
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fegne 1) Peyynnsdanisanisudeiisidivunnan)

smuadagmuunn 3 x 3 Ao sy 3 91U way Tiedesdnssiuiuedes 3 Ao
Tngusiazauagfvuaddunsiuvedeesduuuniesdngineg (u;) waednaild
Tumsvhau (py;) denadestuddumshauluusazau suiruanavewiazny

Falowanalilum1s1ei 2.3

M5 2.3 Viin139nensNnITNEas auIn 3 x 3

awulawWolstu (1, pij) | .

Olj Ozj O3j
1 (M1,3 (M273) (M373) 14
2 (M1,3 (M373) (M274) 13
3| (Ma,4) | (My,2) | (Ms, 1) 12

ﬂigmé’qwmqﬁ 2.3 @NIOTHULANT W9 J; Lasiue M, Igeved)
J1 = {011,041, 031} , Jo = {O12, 092, O35} hag J3 = {O13, 023, O33}
M, = {O11, 012,023} , My = {O13, 021, O35} Wag Mz = {Os2, 031,033}

dmsumsuidamnissansensnanfidiuanal ardedadisunisvhauees
lawaistulunsazaunuee J; dwmsu j € {1,2,3} Thausuaduveses J; uas
Fosdnaiunsvhanuvesewasdulusianeiesns M, dwsu i € {1,2,3) Tileweis-
Fuluudazion M; gnvinuneunienadleilaistule WielfnsendsunsYuYeRay
Toweistugenndastuieulvvesdymiitvuals Mnnfegsiavfiuiniruanaive s
avUTLER IR A dy = 14, dy = 13 way dy = 12 FerruanaIfinanasinane
nanfiusazauldlunsvhauadanountnanfirnus Sslseneusae B, , By way Fs
dwsushedl sudwmafiutarnulilunsvnuedandannaniisivun dasenou
oe Ty , Ty way Ty ﬁm%’uﬁaaﬂwﬁIm‘aﬁlﬁwzLLaméhasmsuaaﬂmﬁﬂmmmﬁmmﬁw
nskastimvuanailufieded @eismsimuans@adus vy (Integer linear
programming method) luuwil 3 wagdsnsmsaniskanuuuneudiad (Nondelay sche-

duling scheme method) Tuundi 4
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2.3 uHuQiuuA

Tulpsesnuaullaga s WouunugTunud (Gantt chart) mMuW3TeiEes MIATIEY
nsmUIaLRELUUANTUTYNINITIRRITNEALUUAINES [7] 983 WieTulaay Tatu
wazlmiuddnualngenndesiuiuuanadiluiislimsuarvesnaivhauasaneu

PUNAINUANALAZIIATYN N UESINEIN LAY Tneliseazidennisalul

MuualisUamaey wnume lawalsu

= = = a o A (% = (%
. E‘UﬂL‘ViﬁEJlI‘Vl’e]EﬂULLQ’JLﬂEJ’Jﬂ‘L!ﬂ’E]IE]LﬂE]Lﬁ"Uu‘UE]N’HJLG]EJ’Jﬂ‘u

[

« sUAmAsNniAReITuARlawWas TN INULATRIINSIALINY

. AHENIIUAURINBNTRITUAMRLILIUNAI AT eINs LTl ST UTale-

Walstu Oy
o MUUALAUNTINNULLIAIULABZITU LNUSIY AMNUANAIVDILAAZIUY
o MUUAMIAILEIVBIALTIANIGNAT UWNUAIEY

- fhgnAsteenaINmuEaaloesTuaRuanThed I AMvuanaT lun
971 AlviAn E; dusudsasau |
- fhanAstoRNIINMUNEgAlalUaLTTua AU eI AMLARAT UMY

g8 aglvien T; dvsunsiazay j

Gialﬂﬁ%mefgﬂﬁ’saEJ'Nmia"]’@msNmimamﬁﬁﬁmumnawaqéhasm‘ﬁ 1 AN

WUULK U WA UAGIANa 3Lt 196
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UNN 3

3SARUANISIBUEUITUIULAY

3.1 35ANMUANISINEIIUIULANLUD IR U

Wimuan15 @y (LP : Linear programming) {Ju3snslunuudiansmsadinatans
filiim Fneuiidfian (The best outcome) serfurudiniusuuuidadutuntigluns
midneu Tnemshlsildamnzandign (Optimization) vesilerdugauszasdiBadu (Lin-
ear objective function) waziiouly (Constraints) 1u'gﬂsuaqamm%uﬁu NIDDAUNTITIT
1 Tunsmidmeufimnza (Optimal solution) Iaeviluazidunsmeunngs
(Maximum) ¥3emsynAidiga (Minimum) sesdymimuansidadusiongn

ansalisuimegaveslymmmuens@aduluguuuudal# (Canonical form)
I6igtet]

(Objective function) Minimize ¢’z
(Constraints) subject to Ax < b
and x >0
o 2 unu nnwesveduls MFesnsmsiuan) Afvun n x 1
¢, b unu nnwmesvesduUsyans fivsiuen) fitliunn n x 1
A Wy wvisng (Matrix) v0sduussans @insauan) fidawin m x n

Jaymivuansidadudiuaudy (LP: Integer linear programming problem) #g

Jaumimuensdaduiiiasiannsafimulsiidusuaudusiht vldsanusadou

% 1 o a 2/ o < % va . Y dy
Megsvasdyymmvuansigaduresdnnufnlusuuuudnal# (Canonical form) lanadl

o
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(Objective function) Minimize c'x

(Constraints) subject to Ax < b

andx >0,z € Z"
Nnsegvestdyminuanmsdadusasdyyminusnsdaduvessiviuduluguiuy
Unyal 191anunsald Mazimize unu Minimize lunsnsaldesnismaigsanvesitanduy
Usrasddiivun vannslfinfesmny = wie > wie > uiie < vie < ldnw

Waulunnivue

ad (]

3.2 Fmsmuuansdiaduinurududmiunisuideyimn

Tutdeiisnasihilymnnssanisns msudndisifuananludod 2.2 wniansansn
pdufleliisnstmuanisdadu Snufurislumsuimereuvesilaidugausyasd
wazitouluinaquastlym dinan lun1sldisnsimuanisidadusinudy adeauyas
Fouledi (4) wardoulaii (6) vestymmsdamsesnsndaifiduanattuided 2.2 Tne
Tsuusnsinaulouuuluund Binary variables) sngrelunisudadidouluduaenndos

AUATAIAUANTITUAUVDITIUIULAN F9T)
a A a A o vy
— fsanteulen (@) Anvualife
=]
Crt — Cgn 2 pra B38 Cyp — Ciy > pgn VO, Ogn, € M; (4)

=3 1 LY | [ v oA 1 Y d' & o
Ly wse Wudwensening 2 saunmaniglutouled (@) aviu 519zimvun
T Yy W04 MuUsmsdndulawuuluwd (Binary variables) v09n15idonansu

N1sNanNTEINalLUaTUY Oy way Oy,

[

— N8 Yoy on) = 0 9199 Talastu Oy, wddMUNMIHENNDU Oy

[

— N8 Yoy en = 1 921991 Tewlastu Oy Allandunisuanneu O,

i3eenunsadsueulud (4) Inemsliduwdsnisdnaulawuuluins yoygn) was

Avual L wnudiwiuasauinvuiaivg asdeulugdisnisimunnisdedu
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il du
Cki — Cgn 2 pri — Ly (gn) VO, Ogn € M; @)
Con — Crt 2 pgn — L(1 = Yy (gn)) VO, Ogn € M, @”)
Y ony € 10,1} YO, Ogn € M;

N5 dauled (6) Nnvualife

NG U

dj = Cpy; 1y — Crj >0 Cryj—d; Conyy —dj >0
Ej: ] 3J J J LAY 7}: J ] J J

0 ydj — Crii <0 0  Cry —d; <0

ziuInsdasldswlsnisdaaulanuuluunsuntslunisassdeulvdmsudinys
E; , T; wiazivualy f; Wuduusnisdadulasuuluund Binary variables) 909
E;

- n3dl f; =09zl E; =0

- ﬂ‘éﬂj fj =1 ﬁ]g‘léﬁq Ej = dj = ijj
wazfivuali g; Wuimudsnisaedulawuuluwni (Binary variables) w04 T;

- N3l g; =09l T; = 0
- ﬂiﬂj g; = 1 G\]gléj’j’] T’] = ijj 0 dj
Ransaastoulvdmsuiuls B, T; 9nteulan (6) Ineldsudsnisdnadu

Tawuuluwnd f, g wagimualy L unudtwiwasauinuunabng asdeulugdisns

o a Y o <@ Y &
mMuuansaduI wILauladu

- dwmsunsmenimiuls B,
(dj — Cnyj) = L1 = f;) < B; < (dj — Coj) + L(1— f;) Y (6E)
— Lf; < E; < Lf; Vi (6E)

fi €{0,1} \Z]
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- dwmsunsmensuls 7;

(Crnyj = ds) = L(1 = ¢;) S Tj < (Cryy —dy) + L(L —g;) Vi (6T)
— Lg; < T; < Lg; vj o (61)

g; € {0,1} Vi

nneuled (@), @7), (6E), (6E) , (6T) way (67) Nleannszuiunskuastauludnagy
ilvisaunsaeulyminisdnnisiamsndaidivuanatluiden 2.2 Tugdveadym

AAUANISIBEUT UGN As T

Minimize i ZJ hijwi; + i(ejEj + 7;T;) + YCman (1)
=1 i=1 =1
s.t.

Chj —wi; =7+ pij Vi (2)
Cij — Clic1yj = wij + pij i=2,...,m; (3)
Crt = Con = prt — Ly(riy(gn) VO, Ogn € M; (&)
Coh — Cri = pgh — L(1 = Yuiy(ghy) VO, Ogr, € M; (47)
Cij,wi; >0 Vi Vi  (5)
(dj = Cmy3) = L(1 = ;) < Ej < (dj — Cy5) + L(1 = ;) Vj (6F)
— Lf; < E; < Lf; Vj (6E)
(Conyj — dj) = L(1 = g;) < Ty < (Cryy — dj) + L(1 — g;) vj (67)
— Lg; <T; < Lg; Vi (67)
Crm,j + E; =Tj +d; Vi (6)
Crmaz 2 Cmyj vi (1)
E;,T; >0 Vi (8)
Craz 2 0 9)
Ym i) Jir 95 € {0, 1} (10)

WG Vi WU Vi e {1,... n} uag Vi unu Vi € {1,...,m}
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f9819 2) MNTUYNINITINAITNNITHAANLAINUANAIVBIRIDENN 1 @1unTatuley

[

TugUreslymimuansdaduinunuiulas

3 3
Minimize Z Z hijwij +

j=1 i=1

s.t.

. Fouladi ()

011 —wi =3
Cia —wip =3
Cizs —wig =4

. Souladi (3)

Kby

3
> (& +m5T5) +7Cona
j=1

Coy — C11 = wa + 3, Cgp — Oy = w3y + 3
Co — Ch2 = wae + 3, Cs9 — Cyp = w3 + 4
Caz — Ci3 = waz + 3, Cs3 — Chg = wss + 4

. Foulad @) wag (@7)

309NN 1: My = {O11, O12, Os3}

Cn — Cr2 > 3 — Lyanz)
Cio — Ci1 > 3 — L(1 — yanaz)
Ci — Caz > 3 — Ly 23
Coz — C11 > 2 — L(1 — y(11)(23))
Cr2 — Cy3 > 3 — Ly(i2)(23)
Co3 — Cr2 > 2 — L(1 — ya2)(23))

A3099NSN 2 My = {O13, Oa1, O35}

Ciz3 — Oy > 4 — Lyusye
Co1 — Ci3 > 3 — L(1 — yas)21))
Ci3 — U3 > 4 — Lyasys2)
Csy — Ci3 > 4 — L(1 — yas)s2)
Co1 — U3z > 3 — Ly21)(32)
Cso — Cy >4 — L(1 — yeuys2)

309957 31 My = {Og, O3y, O35}

Cyo — C31 > 3 — Ly(a2)(31)
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Cs1 — Ca > 3 — L(1 — y(a2)(31))
Cyo — C33 > 3 — Ly(22)(33)
Cs3 — Co > 1 — L(1 — y22)(33))
C31 — Cs3 > 3 — Lyz1)(33)
Cs3 — C31 > 1 — L(1 — y(31)(33))

Foulait (5)
Cij 2 0,w; >0 Vi,j € {1,2,3}

Hevladl (65, (6E) , (6T) , (6T , (6)

Q']u‘ﬁ 1

(14— Cy1) = L(1 = f1) < By < (14 — C1) + L(1 — f,)
—Lfi <E,<Lf

(Cy1 —14) — L(1 —g1) < Ty < (Cs1 — 14) + L(1 — 1)
—Lg <Ty < Ly

Ca1+FE,—T, =14

Qﬁuﬁ 2

(13— C3) — L(1 — f5) < By < (13— C39) + L(1 — f3)
—Lfs < Ey < Lf

(C32—13) — L(1 — g9) < T3 < (C32 — 13) + L(1 — ¢2)
—Lgy <T5 < Lgo

C3o+ FEy—1T, =13

Q']‘Lﬁ?]l 3

(12 = Cs3) — L(1 = f3) < B3 < (12 = Cs3) + L(1 — f3)
—Lf3s < E3 < Lf3

(C33 —12) = L(1 — g3) < T35 < (Cs3 — 12) + L(1 — g3)
—Lgs <13 < Lgs

Cs3+ B3 — T3 =12

Fouladi (7)

Omaz Z C131 ’ C’max Z C132 ’ Cma:v Z C’33
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. Seuledi (8)
E;>0T;>0  Vje{l1,23}

. Foulad (9)
Cmaa: 2 0

. Souladi (10)

Ya1)(12)> Y1) (23); Y(12)(23), Y(13)(21)» Y(13)(32), Y(21)(32) 5 Y(22)(31) s Y(22)(33)> Y(31)(33) »
flu f27 f3) 91,92, 93 € {07 1}

INMIAIUINNEFI8E197 1 FreTUTUNTUIBM ILOG CPLEX Optimization (Version
12.6.3) vumpufimesiiiszuuUFRAnTs Windows 10 fiflszuulszanana Intel Core
i7-7500 CPU 3.5 GHz RAM 4 GB \lortaviunlif hi; = 0.2 dwiunn i, ,

E; = 0.25 dwmdunn j, Tj = 0.5 dwisunn j wae v = 0.125 aglamnauvasilenduyn
Usvasdiu 4.375 wie nuvisldmdudsiiiedestuiteidugauszasduazdoulasne

voUgyludieg1ei 1 asil

(wll,w21,w31) = (0, 173) ) (w127w22,w32) Y. (37()»0) ) (w13,w23,w33) = (0,2, 1)
(Clla C217 C’31) = (37 77 13) ’ (0127 0227 032) == (67 97 13) ’ (0137 0237 CY33) = (47 87 10)
(ElyEQaE3> - (1707 2) ’ (T17T27T3) T (07070) ) Cmaz - ]-3

Aa o i

LAZITUAAINITINANT NN SHARTE N VUANa I IaenAd e Ul TUAUTEAsATDIAIE

1 Wngld3En1sivunnisidadu Sunuinlunisuidyynaang s dsgui 3.1

bd BE 58

s e [ B

3 6 9 10 12 13 14
S

U 3.1: M3demsumsaniliivuanaNgenndesiuilsitugnUseashvesinegen 1



19

UNN 4

A9N153AMNITINISHAANUNTAUALIATLUU

1

UDUALAL

Tuunilisnagnaniineazildunuesnsensannilddmsunndymnin1sdn a19519013

a A

wAnfisitwuanen iesniisERaRnfigniaussniusefnanieliagiiu endegnamu
FBngnstnea (Dispatching rule) F3anasuaniaaiun (Shifting bottleneck) 33013
Fusuuumy (Tabu search) WWudy uilulasauilisfiae@nwiinsdansanianae
wuvueuALad (Nondelay scheduling scheme method) lﬁgﬂLauaIﬂa Baker (1974) [4]
Faduisamnildfugiuresisngnisdiesu Dispatching rule) Tasagnanise

avdenlluiie 4.1

(%4

4.1  ASIANI519NITNAALUULDUALAE

Tutdel leTanssnnsansanLUULaURadnNUITEEes Msinszinsiua
waawludmsudgmnisdansawdnuuunuds [7] ves weuady letu Inelindnnis
%’mimﬁaw%’uﬁawﬁﬂmﬂaLﬁ%’muﬂizﬁ"ﬂaLUaLi%’uﬁgwmgﬂ%’mumu ellermna-
WU (Crraa) ﬁaaﬁqﬂ %q%ﬁmumﬁmiaLU@Lﬁ%’ijLstiﬂ (Candidates set) {usunuvedle-
Westuieglfifiefiansandmienudhludamssndn sazimualienleoisdugus
Budulsznaumeaudnfidulewosdusdunsnvewaznunazliinasilunisdndente

Walstundanuaisuaudfg Ae Fuainiansannisidenlaweastuluwaloiontus

e

wdsarnalglunisEusiuinenusign (EST : Earliest Strating Time) vaslowowsdudy

U

Aeunsn nldaunsasadanlawaltuls Jume dlaUalstuuinnii 1 lawawstunian
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EST Yowitgawiniu shlidesfinnsannislewaistunnenleioistuguisanninasidun
firddnysesannieenvaiinsuriunaildlunmsinudesiigavedeioistu
(SPT : Shortest Processing Time) vaslawaistu weRasaiunasnveanarildlunis
ﬁﬂqwumaﬂaLUaLﬁuﬁé’quﬂLﬁaﬂ (MWR : Most Work Remainning) 21nNan1sAnyueg
nudedssuldnaazuin msldnast MWR/SPT WWunaeidrsedlunisdndenleiUadu
Tussleiaistu guisiuazivssdvsnmnniiandeisusuinms MWR u3e SPT iiies
og1aiien Tumsinnsanidenleweistulumaleweistuguisaziden Teweistuiiiada-
drunes MWR/SPT unnfian agiiululassnufisndddinast MWR/SPT uifiuinasidises
dwsunsiansandenleandudmiulewastulugnguas wieuduldinasindnidu
EST anltdnnsenisnanlaemaideniiagvilsloweistuiiiasanaunasidngn dmn
Towasduignidenluesduisiulililemantudituanievousazauliiulenasdy
Sdudalunnlowaistuiignidenvesnuiudunedluesloweoistuguds aunseituunle-
Wostugudadueeing andu eglinadnsvoamsdamanenisaniuuueufiagite

AR (Crnaa) UoBTign

4.2  YUABUISTNISNINIUVBIISNISANATISIINISHARNUNINAUA

ATLUUUIUALAE

[

T 99571921135n1159AR1519N1SRAR LU UL URARENNa lULaIUY Tn15Na15NNTS

Wonlowastuiethludnnisanisndnly lareailu (C).,,) Josiian ulglunisud

S

Jaymnmsdannsunmisndanimmuananturinte 2.2 AiAduaUsean Ao

n My

Minimize Z Z hijwij + Z(EjEj + 7TjT’j) + fVCmaac
j=1

=1 i=1

N vo

wsgllanuRgiuiiruanavesiaruETaviAutuasiiaindfgsiuaA AUy
( Crna) e nlupruduasusmeiiazussunanandiltlunisvhauunniiagavesssuuli
JanlnareanuANUAaLUY ( Chee) FSIT9@1LNTORIAIAUALIA EDAARBINUNIT IR DS

=2 cal v

g tuilendugauszasd tudalumewalunisiinsdanisudauuuueufiadnfenis
VAR WUAARUY (Crnee) Woetian anltiielvilarmnauvesilandugaussasanangindian
TnaLABeiuAINaUNLYIASY F9n18lUTUABUITNISYINIUYBIIDNISIARISINISHARTINN-

PUAAUUUIUARSTLASRRNLUITeNAANE L UFTaN 4.1 AFaen1svinlAALAaLUY
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Conazx W8T 203lN0UTIENTY EST wazinausidrsosdudndiuves MWR/SPT
WoNANUSIMALNAUATIUT wij , B, Tj 482 Cpngy WIBIHIUNISAIUINMAIYDS
HanfugausvasAtneny S1eaziBunvestunouilngl

Aua L

. 1 WL SR

. m UNY SRR TNSMIA

« m; WU 31U operation PAMLAUD 9L J; dlo j e {1,2,...,n}

« Can UnU WATDY operation ALY

. pr; WU SzEznatlunsinuvedosistu Oy

« EST; wnu szavnasuduueslaeis Ty Ok, ﬁLéaﬁqmﬁmmimﬁﬂﬂiﬁ

« MW Ry; Wnu Nagi1909388znalun1svinauvadlailasduluany Weauiidly
r/

gniden Tnoi MW Ry, = zj:p,;j

=1

« SPT; wnu szeznaltunisvinnuvesleaisdu Oy, Tnefi SPTy; = py;

| MW Ry, o
o Vij WU A8 ———2 gg3lawaisdu Oy,
ki

o Cyj WU STUZIAVINUN J NYINNUETIFUVLATOINTEAUTN i

PP o a (Y] o v a .
o w;j WY S3EEa1YRNUN § Alglunisseviuuwasesdngasual |
o dj WNU MVUALIAIYDINIUT

o O,y WUy adilalaiduddiugarinevesnui j inuasaduuuaiesdns

o w A

RN
. E; wnu narilewlasdudidugainguesanuil j vianuasaneufmvuang
- T; wnu anfiloweasduaifuaninevesiudl j vieuasavasiivuaan

o Chaw WU ALUARLUY
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YUNDUN 1
- Joudaya

- MU Can = {O1;:1,2,..,n}

Funauil 2
- AN EST* = min{ ESTy; : VO, € Can}

- 010 Can = ¢ UWAIMELANITYINNY Lay

. EST, o k=1

LAURAN Wij = ,
EST]W - (EST(kfl)J + SPT(kfl)J) Lﬁ@ k= 2, ceey, My
mj

AR Cryy = Y (Wi + pij) Wog WAUAY Crngy = maz{Chyj 1 j = 1,... 0}
=1

VU B; = maz(d; — Cr,,;,0) 4% WA T; = maz(Cy,; — dj, 0)

n My

- ﬁ']u’ﬂm Obf = Z Z hijwij + Z(EjEj + 7TjT'j) + ’chax
=1

=1 i=1

YUADUN 3
- fllawlewtu Oy; € Can 1 ESTy; = BEST* ien 1 Towaisdu

— fenlawelstu Oy, € Can fl ESTy; = EST* lasmwuali O, unuleiels

v

Fuigniden
- ofllawastu Oy; € Can 1 ESTy; = EST* wnnin 1 lawlaistu

— AIUAT MW Ry, W0efl MW Ry, = S0, pij waglyl SPTy; = py; %

(J { MWR ]
AR Vi =

~- nNleastu Oy € Can WA Vi, unnfigasiies 1 laiaisdu

denleweisu Oy € Can Alvien Vi, anndian mvuali Of; unulaweisdu

ngniden



23

~- nsainlawWastu Oy, € Can AV Vi, wnniiaaiiy 1 lewlawsdu
dulowelstu Oy € Can WA Vi; anndign dwual O, unilewalsdui

=]
anNLAeN
U
JUNDUN 4
< 1 o [ [ all S
- \iuA BSTy; dwsulawasdu Oy, igniden

Aa o W a

- tlewaisdu 05, Wldlewaistundawunsudaduddugarevesanu udiliia

Orr1); Wwn Can

- nauluTumeun 2
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[

fin9d14 3) 9ntynn1sdaensenisuaandnuanal Tusiiegsn 1 amnsountyniag

1
Y A

AANMLITNITINANT AL A NUANAILULUBUALAS AR
9UN 1

- Candidates set = {O11, O12, O13}

_ e EST a¥lé EST = (0,0,0) asiuiniloweosduiilven £ST*
111171 1 Taslawsdu sadu wklanunsaidanlawawsdusnuwnae EST ta
- AuIA1 MW R agled MW R = (9,10,7) wagv1 SPT agle SPT = (3,3,4)
v 10 7 =3 1 o N d' [ g."/ [
Al vV = (3,3,1) i lellelstu O, WA V wnilan dstu O, 1Ju
Imﬂaw%’uﬁgmﬁaﬂ
- WUAY ESTy = 0

~ dlaweisdu Oy, indnluly Candidates set

i
v

- Jumpunisiientowalrtuluseud 1 wanalanagud 4.1

[(34] e
v o | [ o ’
| o« } [ o o +
o oo b
(a) TunsuEusuNsdonloos Ty (b) vdenlaslawdu O

E‘LJ 4.1: LAMSTUMDUNITIANITINITHANIUTBUN 1
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S9UN 2

Candidates set = {O11, 032,013}

fwani EST ald EST = (3,3,0) aztiunilewewstuiilien EST* e

1 lowewsdufelowawsdu 05 dwlu OF, Wulaweasduigniden

ViU EST3 = 0

WUlowoisdi Oy, indlUlu Candidates set

[
[

Tuppunsidentaivastuluseuil 2 uanslasaguin 4.2

_ H E W E E .
e -

=} s -

(a) TusaunsaantaUawstulusaun 2 (b) Eenlewaisdu Oy

U 4.2 uanedunaunIsIAnITINNsHaRluseUN 2

SOUN 3

- Candidates set = {Oy1, Oz, 093}

- e EST agly EST = (3,3,4) aswiunilewewstudilian £ST
1nndn 1 Teweistu fety islianunsadonlowewsduriunas EST 16

- AwIuA MW R agla MWR = (9,7,-) wagy SPT agla SPT = (3,3,) 93
WV = (3,%,—) ziuIlowaistu Oy, Wien vV mﬂﬁqm St 01, Jule
LUaLﬁeﬁ’uﬁQmﬁaﬂ

- iU ESTy; = 3

~ dhlaweisdu Oy, wWindnlulu Candidates set

i
v

- Jumpunisiientawalstuluseun 3 uanalanagudn 4.3



26

1%
o

(a) Tunounsidenlailastulusoun 3 (b) Benlewoisiu Oy,

E‘U 4.3; LAASTUNDUNITINANTININARLUTBUN 3

SaUN 4

Candidates set = {Oa1, Ogy, Oo3}

At EST avld EST = (6,3,6) astunileweistudilien EST* e

1 lowewsdufelowawsdu Oy, fiu 03, Wulaweasduigniden

ViU ESTy, = 3

WUlowesdu Os, wWindlulu Candidates set

[
[

Tupaunsidenteivastuluseuil 4 uanslagagui 4.4

E E . e [FE [
V| e . v
(a) fupaunsdenlowesduluseud 4 (b) vaenlaslawsTu O

E‘U 4.4: LEAASTUNDUNITINNITINTHARN I UTBUN 4

S9UN 5

- Candidates set = {Oa1, O3z, O23}

- M EST a¢l§ EST = (6,6,6) aziiuinileweistuiilian EST*
1nndn 1 Tewewsdu saty slilanansadenleweosturiunas EST 14

- A1 MW R agla MW R = (6,4,3) wagyn SPT agle SPT = (3,4,2) 3¢
9V = (2,1,%) UINBBLTTU Oy T9ien V uﬂﬂﬁqm Fathy 03 ule

Waistuiigniden
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- AUAN ESTy, = 6
- dhleweistu Oy, Wingnlulu Candidates set

- Jumpunisiientawaisduluseud 5 uanalanagun 4.5

(a) TumpuMstianiawaistuluseuil 5 (b) Benleleist Oy

U 4.5: wansdunaunIsInnNsanIIHanluseud 5

S9UN 6

Candidates set = {031, O3y, Oa3}

funue EST avld EST = (9.9.6) agtiuinioweosduiilien EST* o

1 Yowewstudelowewstu Og fatiu O3, WWuleweisduiigniden

VU ESThs = 6

iloalstu Os; Wintnluly Candidates set

o
[

- Jumpunisifentawalstuluseun 6 wanalanagun 4.6

H E W
-}
- =&

1%
o

(a) TumauNSaanlawaLstulusaun 6

& 4i

(b) NMsLaenlawlalsty O

U 4.6: UanstumnounsInmsNnsuanluseui 6

OUN 7

- Candidates set = {O31, O3z, 033}
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- fMwaAn EST agle EST = (9,9,8) avwiuinillaweasdunlian EST* i
1 Towewsdufelowawsdu Os; fwlu 0, Wulaweasduigniden

- 1AuAN ESTy; = 8

[
[

- Fumsumsidentawesduluseunl 7 uwandlansgun 4.7

.
1,
Iy 4

z - 9 o
a) Jumaunsiaantawalstulusaun 7 .
(@) (b) n1staentallalstu Oss

E‘LJ 4.7: LEAASTUNDUNITINANITINAINARLUTBUN 7

SaUN 8

- Candidates set = {03, O3}

_ @ EST a¥ld EST = (9.9) aufuinilowesduilian EST* wnnni

1 TowUolstu sy i ldaiansaidentaiUastusnuwnuet EST o

- @A MW R agla MW R = 3,8) wazym SPT aela SPT = (3,4) agla
1V = (1,1) aziuifleweistu Wi V innflan 1y 1 Teweistu delugu
\den 03, LidJuI@LU@Lﬁ‘fjJuﬁQﬂLﬁaﬂ

- AUAN ESTy, = 9

- Jumpunisiientawalstuluseud 8 uanalanagun 4.8

I}

a) tumeunsdenlaweistulusoud 8 .
(@) (b) donlaasdu Og

U 4.8: kanetunauUNITIAAITINNSHERIUTOUTN 8
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SaUN 9

Candidates set = {Os»}

Wnlowestugnying As 1aiUaisdu O, WIRN1519N19WER
- Candidates set = ¢ 3IMEgANTTYINY

- Jumpunisiientawalstuluseud 9 uanalanagun 4.9

M
H m o .

(a) TunounsidenlatUatstuluseudl 9 ) .
(b) @anlewlawsdu O

U 4.9 UaATUROUNITINMITNNTHARTUTOUT 9

ndunsunsAndenlaaistulugnegned 3 winfvusls hi; = 0.2 dmiunn i, j ,
E; = 0.25 dwsunn j, T; = 0.5 dmiuyn j uag v = 0.125 srlduasnaufiaenndos
fuilaitugausyasdoonundall
(w11, w1, ws1) = (3,0,0) , (wia, waz, ws2) = (0,0,3) , (wi3, wa3, ws3) = (0,2,0)
(C11,C91,C51) = (6,9,12) , (Cha,Co2,C52) = (3,6,13) , (Ci3,Ca3,Cs3) = (4,8,9)
(E1, By, E3) = (2,0,3) , (T, Ty, T3) = (0,0,0) s Crngz = 13
fau azldmmmeuvesilvidugauszasdniniu 4.475 mise Fadialndifestufnauves
flerdugauszasdireniuanisnmsimuanmadaduresinnuduiiyingu 4375 e
LAIZUARINTINANTINIHER RSB 1 TagldiBnsdamsamsndnuuunouiiad

Faguit 4.10
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e
4 ' ' '
T T T
3 ] 9 12 13 14

P

U 4.10: 4aAINITINRITINSHARTLMVILALALUULBUANSYBIR0E197 1
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« MVUALIATUUN 2
AMVUALAIYBINNULANNAY [
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e T'= (Tl,TQ,...,Tn>

LUy gamnauTatItafiviud j lunisinuaiandannnnaiiinivu

° Cmax

WNUAIY ANATNBUVDIUARLUY

. Obf

WnuE AR uYesilantulaUsyase

ot

wuAay DanlglunTUszananareIrInauiuNave sty

uadmounaldlulassnuildlineufiniumeslussuutfifinig Windows 10 7
seuuUsEanana Intel Core i7-7500 CPU 3.5 GHz RAM 4 GB lngldlusunsu IBM ILOG
CPLEX Optimization (Version 12.6.3) Tun15Usgi1anamaauyedisn1smuunn1sieau
YosiwIudu wazldlusunsy Spyder 3.3.2 (Python Version 3.7.1) Tunisuszanamnaeu

o

YONITNITINMITNALMAUAAILUUUDUAEE ATIIZUANINaAIMDUAI9EluTTe 5.1

5.1.1 NaAInauINISTNITANNUANISIDNEUVDIIUIULAY
AMAUAIAMUUT 1
1. LAO1 fviunlyf d =(666,666,666,666,666,666,666,666,666,666)

« w =((75,29,175,0,129),(0,264,0,58,158),(406,3,7,6,22),(96,5,0,125,24),
(42,48,0,263,76), (0,57,0,60,219),(8,0,83,0,150),(0,195,169,0,19),
(156,0,90,48,74),(0,0,0,125,66))

C =(666, 666, 666, 604, 666, 666, 654, 629, 601, 561)

o Chaz =666

F =(0,0,0,62,0,0,12,37,65,105)

T =(0,0,0,0,0,0,0,0,0,0)

Obf =859.500000000001

t =217



2. LA02 nwualu d =(655,655,655,655,655,655,655,655,655,655)

« w =((5,0,239,66,114),(130,0,0,46,10),(185,0,0,0,0),(38,151,0,0,22),
(0,0,43,27,405), (0,2,43,0,241),(102,0,18,314,15),(67,81,0,62,60),
(155,204,0,0,66),(30,22,0,0,336))

C' =(655,366,465,605,655,588,638,655,660,655)

Cinaz =660

F =(0,289,190,50,0,67,17,0,0,0)

T =(0,0,0,0,0,0,0,0,5,0)

Obj =898.05

« 1 =331
3. LAO3 Amual d =(597,597,597,597,597,597,597,597,597,597)

- w =((0,30,273,0,0),(0,11,30,162,175),(116,0,124,137,8),(0,0,63,0,93),
(214,19,8,0,59), (77,46,7,29,78),(0,0,56,112,108),(37,0,308,16,30),
(158,69,0,0,98),(61,44,309,0,30))

C =(575,537,597,440,597,586,506,594,545,601)

o Chaz =601

F =(22,60,0,157,0,11,91,3,52,0)

T =(0,0,0,0,0,0,0,0,0,4)

Obf =815.125

t =41.57

4. LAO4 Amualii d =(590,590,590,590,590,590,590,590,590,590)

+ w =((0,292,0,0,2),(59,50,10,183,87),(45,0,19,49,339),(209,16,25,72,9),
(0,0,0,0,381), (51,7,0,0,76),(0,135,0,22,183),(78,0,0,89,0),(74,5,200,37,0),
(155,6,15,86,23))

+ (' =(590,593,590,583,570,448,590,536,590,506)

o Chaz =593

34



FE =(0,0,0,7,20,142,0,54,0,84)

T =(0,3,0,0,0,0,0,0,0,0)

Obf =770.175000000003

t =4.68

5. LAO5 nwuali d =(593,593,593,593,593,593,593,593,593,593)

« w =((0,40,50,51,72),(35,123,46,64,121),(78,0,118,9,142),(53,32,0,273,28),
(12,248,77,0,83), (0,171,0,0,134),(0,0,0,314,77),(0,102,169,0,69),
(65,130,0,112,59),(0,133,174,25,39))

C' =(593,570,586,581,593,544,593,565,593,593)

o Chazr =593

FE =(0,23,7,12,0,49,0,28,0,0)

T =(0,0,0,0,0,0,0,0,0,0)

Obf =809.475

t =0.62

AMAUALIAMUUT 2
1. LAO1 Aviualv d =(580,580,580,580,580,580,580,580,580,580)

+ w =((54,144,81,0,43),(83,177,4,0,96),(242,167,0,0,0),(75,12,14,67,58),
(0,0,0,227,119), (0,0,57,39,22),(0,8,0,0,176),(0,66,128,0,226),
(225,0,21,27,40),(0,40,0,94,0))

C =(580,546,631,580,583,448,597,666,546,504)

o Chax =666

F =(0,34,0,0,0,132,0,0,34,76)

T =(0,0,51,0,3,0,17,86,0,0)

Obf =797.15

t=27.12

35
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2. LA02 nwualui d =(538,538,538,538,538,538,538,538,538,538)

- w =((0,0,73,19,113),(106,0,0,110,0),(211,0,0,26,5),(0,289,11,0,0),
(0,0,50,94,214), (63,57,49,14,13),(140,0,66,153,0),(0,6,0,4,67),
(216,55,0,41,30),(27,0,13,0,252))

C =(436,396,522,694,538,498,548,462,577,559)

Crnaz =694

F =(102,142,16,0,0,40,0,76,0,0)

T =(0,0,0,156,0,0,10,0,39,21)

Obf = 811.150000000001

« 1=92.86
3. LAO3 Amunl d =(521,521,521,521,521,521,521,521,521,521)

« w =((0,142,107,0,0),(0,2,39,122,74),(21,0,270,125,0),(0,0,0,0,83),
(174,5,0,18,19), (37,0,30,2,57),(0,258,88,0,0),(37,0,59,0,184),
(118,23,0,149,0),(338,0,33,0,0))

C =(521,396,628,367,513,475,576,483,510,528)

o Char =628

F =(0,125,0,154,8,46,0,38,11,0)

T =(0,0,107,0,0,0,55,0,0,7)

Obf = 781.3

t =174.06

4. LAOG Aviunlvi d =(497,497,497,497,497,497,497,497,497,497)

- w=((0,292,0,0,0),(0,0,0,302,0),(19,0,5,83,237),(135,0,28,60,39),
(33,29,7,37,167), (30,8,35,50,0),(230,0,114,0,0),(97,0,8,60,0,0),(0,35,3,15,64),
(61,0,6,52,79))

+ (' =(588,506,482,514,462,437,594,534,391,419)

o Chaz =594



FE =(0,0,15,0,35,60,0,0,106,78)

T =(91,9,0,17,0,0,97,37,0,0)

Obf = 757.25

t =224.64

5. LAO5 nwmualui d =(536,536,536,536,536,536,536,536,536,536)

+ w =((0,80,0,4,72),(0,0,19,171,142),(72,51,128,44,2),(0,9,0,268,52),
(17,165,85,47,58), (40,39,0,67,102),(239,0,0,9,86),(5,32,0,0,255),
(0,143,27,203,0),(136,74,0,0,104))

C =(536,513,536,524,545,487,536,517,600,536)

o Chuaz =600

F =(0,23,0,12,0,49,0,19,0,0)

T =(0,0,0,0,9,0,0,0,64,0)

Obf = 746.649999999999

t =44.38

° ]
AMNUALIAILLUUN 3

1. LAO1 Aviunalii d =(543,485,694,664,707,488,665,604,658,405)

« w =((56,48,71,27,83),(0,48,112,104,31),(332,77,63,0,0),(77,24,111,20,78),
(42,75,145,79), (0,57,0,0,101),(0,8,0,2,242),(0,383,0,0,0),(315,0,42,61,0),
(0,44,0,0,7))

C =(543,481,694,664,694,488,665,629,651,421)

e C'max =694

F =(0,4,0,0,13,0,0,0,7,0)

T =(0,0,0,0,0,0,0,25,0,16)

Obf =729.450000000006

t =278

37
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2. LA02 nwualui d =(458,220,471,694,535,711,558,623,524,679)

« w =((30,0,45,9,143),(0,0,0,0,40),(99,0,0,0,68),(85,109,0,110,0),
(95,53,3,204,0), (213,155,0,0,28),(35,0,204,57,73),(0,18,25,0,105),
(63,203,0,1,0),(122,229,24,0,37))

C' =(458,220,447,698,535,698,558,533,502,679)

Cinaz =698

FE =(0,0,24,0,0,13,0,90,22,0)

T =(0,0,0,4,0,0,0,0,0,0)

Obf =663.5

t =170

3. LAO3 muualvi d =(450,383,593,446,631,593,569,598,442,581)

« w =((0,56,0,122,0),(2,0,0,217,5),(23,0,99,267,2),(24,9,0,33,4),(230,6,50,0,23),
(133,0,0,0,94),(0,244,77,0,0),(0,28,329,0,38),(101,49,30,0,24),(61,35,330,0,0))

(' =(450,383,603,354,606,576,551,598,424,583)

o Chaz =606

F =(0,0,0,92,25,17,18,0,18,0)

T =(0,0,10,0,0,0,0,0,0,2)

Obf =673.25

« ¢ =7.07
4. LAOG Amunlvi d =(557,623,425,563,482,484,567,484,332,470)

« w =((0,218,60,0,0),(0,0,8,314,100),(19,0,45,105,111),(61,46,96,105,4),
(33,29,0,85,137), (30,49,35,0,56),(324,1,0,1,0),(78,0,67,11,0),(0,43,0,0,8),
(176,38,52,0,0))

« C =(574,626,418,564,473,484,576,525,325,487)
o Chaz =626

- £ =(0,0,7,0,9,0,0,0,7,0)
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« T =(17,3,0,1,0,0,9,41,0,17)
« Obf =637.000000000002

« 1 =598
5. LAO5 fuualii d =(585,525,582,426,554,629,430,562,532,636)

« w =((0,40,21,0,144),(23,276,2,43,0),(97,0,58,2,186),(53,12,0,0,158),
(0,219,29,0,82), (0,171,71,73,75),(0,0,28,0,200),(53,0,28,61,108),
(172,0,25,20,83),(0,98,323,0,0))

C' =(585,525,582,418,503,629,430,475,527,643)

Cinaz =643

+ £ =(0,0,0,8,51,0,0,87,5,0)

T =(0,0,0,0,0,0,0,0,0,7)

Obf =728.425000000001

t=77524

5.1.2  HNaAIRauIINISTNITIAAITINANNIRUALIAILUUUDUALAE
AMAUANALUUT 1
1. LAO1 fmualyi d =(666,666,666,666,666,666,666,666.666,666)

« w =((0,0,3,142,11),(0,183,18,0,112),(86,323,0,77,0),(75,65,97,53,5),
(134,39,26,29,118),(21,0,172,49,0),(17,86,73,5,9),(0,36,67,48, 269),
(0,135,48,0,249),(0,48,0,0,0))

C' =(414,499,708,649,583,572,603,666,665,418)

Cinaz =708

FE =(252,167,0,17,83,94,63,0,1,248)

T =(0,0,42,0,0,0,0,0,0,0)

Obf =926.3499999999999

t =0.0019953250885009766



2. LA02 nwualu d =(655,655,655,655,655,655,655,655,655,655)

- w =((0,0,166,11,8),(14,47,19,57,0),(304,0,40,11,27),(0,56,0,38,75),
(67,1,0,1,214),(63,125,38,7,0),(39,63,43,194,57),(0,98,0,43,21),(0,6,
23,208,245),(94,2,50,44,140))

C =(416,317,662,563,463,535,585,547,717,597)

Craz =117

F =(239,338,0,92,192,120,70,108,0,58)

T =(0,0,7,0,0,0,0,0,62,0)

Obf =980.175

t =0.001994609832763672

3. LAO3 Amual d =(597,597,597,597,597,597,597,597,597,597)

- w = ((0,56,199,0,8),(0,2,0,241,95),(21,0,5,271,36),(24,9,0,0,0),
(61,6,55,58,85),(134,22,5,33,3),(0,26,378,0,16),(0,28,69,0,25),
(215,45,2,0,102),(271,99,55,0,0))

C =(535,497,545,317,562,546,650,325,584,582)

o Chnaz =650

F =(62,100,52,280,35,51,0,272,13,15)

T =(0,0,0,0,0,0,53,0,0,0)

Obf =879.75

t =0.004988193511962891

4. LAO4 Amualii d =(590,590,590,590,590,590,590,590,590,590)

+ w =((0,218,53,90,0),(0,58,0,55,16),(19,0,0,38,244),(324,74,0,0,0),
(33,10,81,131,29),(0,38,35,18,0),(135,28,85,7,154),(78,52,46,0,0),
(0,0,38,0,65),(61,39,0,4,225))

« C =(657,333,439,650,473,405,659,545,377,550)

o Chaz =659
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F =(0,257,151,0,117,185,0,45,213,40)

T =(67,0,0,60,0,0,69,0,0,0)

Obf =948.575

1 =0.0019941329956054688

5. LAO5 nwuali d =(593,593,593,593,593,593,593,593,593,593)

« w =((0,26,0,54,0),(0,23,181,3,85),(72,28,35,70,0),(185,10,7,59,64),
(17,182,11,30,14),(0,25,0,15,204),(0,130,0,35,165),(5,97,72,0,194),
(0,14,50,243,0),(49,52,206,0,0))

C =(460,473,444,520,555,483,532,593,534,529)

o Chazr =593

F =(133,120,149,73,38,110,61,0,59,64)

T =(0,0,0,0,0,0,0,0,0,0)

Obf =843.8749999999998

t =0.0019953250885009766

AMAUALIAMUUT 2
1. LAO1 Aviualv d =(580,580,580,580,580,580,580,580,580,580)

« w =((0,0,3,142,11),(0,183,18,0,112),(86,323,0,77,0),(75,65,97,53,5),
(134,39,26,29,118),(21,0,172,49,0),(17,86,73,5,9),(0,36,67,48, 269),
(0,135,48,0,249),(0,48,0,0,0))

C' =(414,499,708,649,583,572,603,666,665,418)

e Chaz =708

F =(166,81,0,0,0,8,0,0,0,162)

T =(0,0,128,69,3,0,23,86,85,0)

Obf =975.35

t =0.0019931793212890625
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2. LA02 nwualui d =(538,538,538,538,538,538,538,538,538,538)

- w =((0,0,166,11,8),(14,47,19,57,0),(304,0,40,11,27),(0,56,0,38,75),
(67,1,0,1,214),(63,125,38,7,0),(39,63,43,194,57),(0,98,0,43,21),(0,6,
23,208,245),(94,2,50,44,140))

C =(416,317,662,563,463,535,585,547,717,597)

Craz =117

FE =(122,221,0,0,75,3,0,0,0,0)

T =(0,0,124,25,0,0,47,9,179,59)

Obf =968.1750000000001

t =0.0019943714141845703

3. LAO3 Amunl d =(521,521,521,521,521,521,521,521,521,521)

- w =((0,56,199,0,8),(0,2,0,241,95),(21,0,5,271,36),(24,9,0,0,0), (61,6,55,58,85),
(134,22,5,33,3),(0,26,378,0,16),(0,28,69,0,25), (215,45,2,0,102),
(271,99,55,0,0))

C =(535,497,545,317,562,546,650,325,584,582)

o Chnaz =650

F =(0,24,0,204,0,0,0,196,0,0)

T =(14,0,24,0,41,25,129,0,63,61)

Obf =917.75

t =0.001993894577026367

4. LAO4 Amualii d =(590,590,590,590,590,590,590,590,590,590)

+ w =((0,218,53,90,0),(0,58,0,55,16),(19,0,0,38,244),(324,74,0,0,0),
(33,10,81,131,29),(0,38,35,18,0),(135,28,85,7,154),(78,52,46,0,0),
(0,0,38,0,65),(61,39,0,4,225))

« C =(657,333,439,650,473,405,659,545,377,550)

o Chaz =659



FE =(0,164,58,0,24,92,0,0,120,0)

T =(160,0,0,153,0,0,162,48,0,53)

Obf =1001.075

1 =0.0019948482513427734

5. LAO5 nwuali d =(593,593,593,593,593,593,593,593,593,593)

« w =((0,26,0,54,0),(0,23,181,3,85),(72,28,35,70,0),(185,10,7,59,64),
(17,182,11,30,14),(0,25,0,15,204),(0,130,0,35,165),(5,97,72,0,194),
(0,14,50,243,0),(49,52,206,0,0))

C =(460,473,444,520,555,483,532,593,534,529)

o Chazr =593

FE =(76,63,92,16,0,53,4,0,2,7)

T =(0,0,0,0,19,0,0,57,0,0)

Obf =758.3749999999999

t =0.005980968475341797

° ]
NANUALIATLLUUN 3

1. LAO1 finviunlii d =(543,485,694,664,707,488,665,604,658,405)

« w =((0,0,3,142,11),(0,183,18,0,112),(86,323,0,77,0),(75,65,97,53,5),
(134,39,26,29,118),(21,0,172,49,0),(17,86,73,5,9),(0,36,67,48, 269),
(0,135,48,0,249),(0,48,0,0,0))

C' =(414,499,708,649,583,572,603,666,665,418)

e Chaz =708

F =(129,0,0,15,124,0,62,0,0,0)

T =(0,14,14,0,0,84,0,62,7,13)

Obf =853.6

t =0.027732133865356445
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2. LA02 nwualai d = (458,220,471,694,535,711,558,623,524,679)

- w =((0,0,166,11,8),(14,47,19,57,0),(304,0,40,11,27),(0,56,0,38,75),
(67,1,0,1,214),(63,125,38,7,0),(39,63,43,194,57),(0,98,0,43,21),(0,6,
23,208,245),(94,2,50,44,140))

C =(416,317,662,563,463,535,585,547,717,597)

Craz =117

F =(42,0,0,131,72,176,0,76,0,82)

T =(0,97,191,0,0,0,27,0,193,0)

Obf =1040.175

t =0.01745748519897461

3. LAO3 Amunlii d =(450,383,593,446,631,593,569,598,442,581)

- w =((0,56,199,0,8),(0,2,0,241,95),(21,0,5,271,36),(24,9,0,0,0), (61,6,55,58,85),
(134,22,5,33,3),(0,26,378,0,16),(0,28,69,0,25), (215,45,2,0,102),
(271,99,55,0,0))

C =(535,497,545,317,562,546,650,325,584,582)

o Chnaz =650

F =(0,0,48,129,69,47,0,273,0,0)

T =(85,114,0,0,0,0,81,0,142,1)

Obf =986.25

t =0.08964943885803223

4. LAOA muiumlv d =(557,623,425,563,482,484,567,484,332,470)

+ w =((0,218,53,90,0),(0,58,0,55,16),(19,0,0,38,244),(324,74,0,0,0),
(33,10,81,131,29),(0,38,35,18,0),(135,28,85,7,154),(78,52,46,0,0),
(0,0,38,0,65),(61,39,0,4,225))

« C =(657,333,439,650,473,405,659,545,377,550)

o Chaz =659
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FE =(0,290,0,0,9,79,0,0,0,0)

T =(100,0,14,87,0,0,92,61,45,80)

Obf =932.575

1 =0.003954887390136719

5. LAO5 nwuali d =(585,525,582,426,554,629,430,562,532,636)

« w =((0,26,0,54,0),(0,23,181,3,85),(72,28,35,70,0),(185,10,7,59,64),
(17,182,11,30,14),(0,25,0,15,204),(0,130,0,35,165),(5,97,72,0,194),
(0,14,50,243,0),(49,52,206,0,0))

C =(460,473,444,520,555,483,532,593,534,529)

o Chazr =593

FE =(125,52,138,0,0,146,0,0,0,107)

T =(0,0,0,94,1,0,102,31,2,0)

Obf =899.1249999999998

t =0.010007143020629883

nUAzLanInITNsUTsuisuAneuRlAaIn 2 T8n15AD A5NITANUANITITILEY
TUAN wardsnsdademsadimvuanatuuieufiagues JgymiLA0L 6 LAOS 7

wUsgaetdu 3 WU AuiuALaIIRISUIMY 3 LuukiunsldrmSesazmunanLAdow
Obf, — Obf
Obfy

v

198 (RE : Relative Error) #s/uiadléann RE = % 100% e

« Obfy wWNUMEY AFINBUYDIATUIAUTEAIANAIUINIINITNTAINUANTLTLEY

F1uULAY

« Obfy wNumMey ARNBUTBIINATUAUTEAANAILIUIINTTNITIAR N5

MAUANALUUUDUALAY

NIDUNUMALRALVDIANSDYALANUARIALATDUFLWNS (MRE : Mean Relative Error)
wWeldiduedasiislunisiuseusulunisiandliiuinfneuaInIsnIsInRIn 199
° P =t o A v & I o P P v o A Y oa
AUUANALUUUDUALASTIANDUN LT UNTUTEUIUAIAIN D UN N ALASSAUAIN D UNLTIDS

A1NITNIIAMUANITTUAUST UL N s gl



A9 5.1 LEAHNaA1mouObf; tag Obfy, Wiondunanlglun1sussananaaInyia 2 35015 waetgynn LAOL 89 LAOS M MUANaINg 3 Wuu

AAUALIALUUN 1

ANUALIAUUN 2

ANRUALIALUUN 3

U | wum — — — — — —
Obfy | tQum) | Obfy ) Obf1 | t(um) Obfsy ) Obfr | t(um) Obfsy ()
LAO1 | 10 x 5 | 859.500 2.17 926.350 | 0.00199533 | 797.150 | 27.12 975.350 | 0.00199318 | 729.450 2.78 853.600 | 0.02773213
LAO2 | 10 x 5 | 898.050 3.31 980.175 | 0.00199461 | 811.150 | 92.86 968.175 | 0.00199437 | 663.500 1.7 1040.175 | 0.01745749
LAO3 | 10 x 5 | 815.125 | 41.57 | 879.750 | 0.00498819 | 781.300 | 174.06 | 917.750 | 0.00199389 | 673.250 7.07 986.250 | 0.08964944
LAO4 | 10 x 5 | 770.175 4.68 948.575 | 0.00199413 | 757.250 | 224.64 | 1001.075 | 0.00199485 | 637.000 5.98 932.575 | 0.00395489
LAO5 | 10 x 5 | 809.475 0.62 843.875 | 0.00199533 | 746.650 | 44.38 758.375 | 0.00598097 | 728.425 | 775.24 | 899.125 | 0.01000714

M3 5.2 WaAINaAeeu Obf, , Obf, Wag RE vaslyyi LAOT 89 LAOS FiTlfruanaa 3 wuu

S | e AU 1 fuanauuil 2 fuaaLUUil 3
Obfi | Obfs RE Obf Obfs RE Obf Obfs RE

LAO1 | 10 x 5 | 859.500 | 926.350 | 7.778 | 797.150 | 975.350 | 22.355 | 729.450 | 853.600 | 17.020
LAO2 | 10 x 5 | 898.050 | 980.175 | 9.145 | 811.150 | 968.175 | 19.358 | 663.500 | 1040.175 | 56.771
LAO3 | 10 x 5 | 815.125 | 879.750 | 7.928 | 781.300 | 917.750 | 17.464 | 673.250 | 986.250 | 46.491
LAO4 | 10 x 5 | 770.175 | 948.575 | 23.164 | 757.250 | 1001.075 | 32.199 | 637.000 | 932.575 | 46.401
LAO5 | 10 x 5 | 809.475 | 843.875 | 4.250 | 746.650 | 758.375 1.570 | 728.425 | 899.125 | 23.434
MRE 10.453 18.589 38.023

4%
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Svuanama 3 wuu (und 5) TaeldTusunsu 1BM ILOG CPLEX Optimization (Version
12.6.3) Tunsuszananamnaurasisn1sinuanIsadus sy wazldlusunsu
Spyder 3.3.2 (Python version 3.7.1) Tunsussaiarneuveisnmsdnnsefidmmun
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1 a

Obf, WagA50UarANUARIALARDUENTNS (RE) niaunuARfeYessouazALAaIn

Aa
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. fuAAIWULT 3
MruAnaYeIAarLALlnaINMTdNNATIWYN [Cpy — 8], Oy + 158
Tneil
Cnyj WU naildnsinuueaduuy \n3eadnsdfugavineveusiayIIL

B WU ANLRABYDY p;; ukAazUTDARE Ty

6.1 @3UNAINNNIINAADY

Liwaﬂuﬂﬁaa§ﬂ1é’d11uﬂw3wwﬁﬂmauﬁLLﬁﬂ%amﬂ%’%mﬁﬁmumﬂm%qLﬁuﬁi"}u’;utﬁﬂ%ﬁam
Tun15Us217aKa AN UUIUNINNITIAINBULALUTEUIUNNITNITIAMITINITHAA LU
yaumad (luringiunil) weildlaninia1sanaINAISegaLANUARIALAARUFLWNS (RE) Lay

1 dl [ d’ [y} [y} 4 d’ o [ d' d' =3
ANLRABYDIASDYALANUARIALAABUANTNS (MRE) NANUIUAINWEAIIUAISI9N 5.2 AgLiiu
71 A1 MRE 983Mviualawuud 1 da1desiign aamiga1 MRE 209fuaiabuuil 2
WALAT MRE U99MUUANAILUUN 3 ANUAIRU YUAD YNITAAUANATLUUN 1 AD AU
NANUBILFRZINUTANVNTU ANUAALUUNLAAINTTNITANUANITIBUAUVDITILILLANVD
usiaztgn azlinaAInaU Obf, MUTENIANANIIINIDNITIANITRTRANUAAMUUUOY
= & a 1 Y a Y] o Y a all aa o a % o [~
Alad JAlnAlALINUAINBULTIASY Ob fi NUSZUIARAINIDNTAINUUANTISTLEUTIUILLAL

1AANINNNSIGANRUANAILUUN 2 Lag APAUALIALUUNA 3 AIUEIAU

6.2 Ugmiinuwazuwuanmawiludeymna

Yaymanululassnuiife viswanisvnasslariosazAuaaInAaeUaLNmNGS (RE) 73l
AN FUEAIIIAINDUIINNNTUTELUAT Obfr HAIRMNNAIN AINBUNLIDSE Obf) 11NATY

Tde Wemndunausierasisnis Sasainuuuueufiadnlausuusaauiuldiievili

a

ANUAAWIY Cyp HANUDEAR WL HeATugaUsTaAnsINTNAe

n My n
Minimize Z Z hijwij + Z(EjEj + 7TjTj) + ’YCmam
j=1

j=1 i=1

(%

o 1 a 6 1 A a 1% [ ¢ o 6 @ dy A
NNMIIMUAAINNTIEWesAINgITesiuilsnduaUsrasiiliunil Ae
« hyj=02dmiunnie {1,2,...,m} uar j € {1,2,...,n}

« ;=025 dwmiunn j € {1,2,...,n}
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« m; =05 dwmdunn j € {1,2,...,n}
.« v =0.125

AUNAMUT w;; B waz T Annafedesiuilsidugauszasdinatd dufe mnld
Wnsimuensdadudunuiudomssansibiilsidugauszasdliatosdian 35n1sil
WAANTNNINENNDYINAAT T, B, wij wde Chp WingsdAauganuadu el

A9AAABINUANMNISITIWESANMUA LY F9m19910I5N15T3aRnwUVLUAag LUl UANNS

9

INANTINITHEN Clryp TeToeNan denalirnveinnls wy; w3e E; wie T dawiy

[ ]
= Il

Fu nuaiivansliluiide 5.1 ssdiuiluundgmildamsesazanunainaiou
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MUUANISALAUTIUILLAN
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iielitaenndosriuamsiiwosilatmunli Tunisufudsasasinanieosdudiu
anvnevotusdgiinusivifevilirinasig serinanafiusasausiiaiafuuy
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AANWIN N Lanadayaveslaymiuinggiu (Benchmark) 304Uy In153nn1519NSHE
lsildlunmamdnouvesilaidugauszasdlulassnud Usznaude Jaym LAOI-LAOS
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« LAOL_ _ } ]
21 53 95 55 34 10432
21 52 16 26 71 03421
39 98 42 31 12 34120
77 55 79 66 77 104 2 3
83 34 64 19 37 03214

p= y M=
54 43 79 92 62 1 240 3
69 77 87 87 93 34120
38 60 41 24 83 By Y ERGITH
17 49 25 44 98 3140 2
77 79 43 75 96] 43 2 1 0
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« LAO5
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14

95

45

7

74

88

61
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75
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69
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35

20

19
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13

89
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Tudrutlaznanasianualu (Source code) VBINNFIANITINSHNANNLNIAUALIAT

dusulusunsu Spyder 3.3.2 (Python Version 3.7.1) lagaziisigazidennsil

#ipgntgm LAO0T  Aldimvuanawuun 1
N=10 #N A3 UIUVBNIY

M=5 #M  ABINUIUVDLASDIINT

#lauvsnd p  ununaldiauveslesisdu

p = [[21, 53, 95, 55, 34],
[21, 52, 16, 26, 711,
[39, 98, 42, 31, 12],
(77, 55, 79, 66, 77171,
[83, 34, 64, 19, 371,
(54, 43, 79, 92, 62],
(69, 77, 87, 87, 93],
[38, 60, 41, 24, 83],
(17, 49, 25, 44, 98],
[(r7, 79, 43, 75, 961]]
# Wamsnd m uwnuedesdnsilivihauvedleendu
m = [[1, O, 4, 3, 2],
(o, 3, 4, 2, 1 1,

(3, 4, 1, 2, 0 1,

(1, o0, 4, 2, 3 1,

(0, 3, 2, 1, 4 1,

(1, 2, 4, 0, 3 1,

(3, 4, 1, 2, 0 1,

(2, 0, 1, 3, 4 1,

(3, 1, 4, 0, 2 1,

(¢, 3, 2, 1, 0 1]
import time
t0=time . time ()
#wsdwes (parameters )




#Due

d=[666,
666]

#Holdind Cost

H=[[0.2 ,0.2,0.2,0.2,0.

Cost

date

666, 666, 666, 666, 666, 666, 666,

211*N
#Earliness
e=[0.25]*N
#Tardiness Cost

pi =[0.5]*N

Cmax

#penalty related to

gamma =0.125

( Variables )
#Waiting

# ey
W =[]
Com =[]
EST =11

time
#Complete time
#EST

for i in range (N):
W.append ([])

Com . append ([1)
EST .append ([1])
for j in
W[il.append (0)
Com [i].

ESTILi].

range (M) :

append (0)
append (0)

Max Com =[0]*N
E=[0]*N
T=[0]*N

#Max of Complete time

#Earliness time
#Tardiness time
#W Sioma uwnudduvesnuluusaziiesdns
Sigma =11
for i in range (M) :
Sigma .append ([])
#AwI MWR  meuiEudy
SUM = [O0]*N

for a in range (N):

666 ,

56




S =[0]*N
Cj=[0]*N
Cm=[0]*M

#TunaunN1AnLaantaLlaLstuy

for a in range (M*N):

SUMnon = [99991*N
SUMspt= [O0]*N
V=[—-9999]*N

min_ EST =9000
max_V =-9000

for j in range (N):

if S[j]l <M:
#awe EST

SUMnon[j] = max(Cj[jl,Cm[m[jIlS[jI11])
#Awe SPT
SUMspt[j]l = pljllS[jl]

# Awaen Vo WV LiuensIaIuees

for j in range (N):

if S[j1 <M:
el =SUMI[ ]
e2 =SUMspt[j]
Vijl=el/e?2

for j in range (N):

if S[jl <M:

if SUMnon[j] < min_ EST :
min_ EST = SUMnon[j]

MRT / SPT

57
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max V= VI[j]
job =]

EST[job J[S[job ]]l=SUMnon [ job ]
P1 = pljob l[S[job 1]

Ml= m[job J[S[job ]]
Cjljobl=Cj[jobl+P1
Cm[M1]=Cm[M1]+P1

Sigma [M1]. append (job)

if Cjljob]l < Cm[MI1]:

Cjljob]l = Cm[M1]
else :

Cm[M1] = Cj[job]
Sljob]l = S[jobl+1

SUM[job ]l =SUM[job]—P1
print (”EST=",EST)
print ("p=",p)

#\luA Waiting time

for i in range (N):

for j in range (M) :

if j==0:

W[ill0l=EST[il[O]

else :
W[Lilljl=EST[illjl—EST[i]lj—-1]l—-pl[illj —1]
print ("W=" ,W)

#\iuAn Complete time , Max of Complete time
for i in range (N):

for j in range (M) :

317

Cmax

58




else :

Com [illjl=Com [illj—11+plilljl+WLillj]

”

print (?Com=",Com)
for i in range (N):
Max Com [i]=max(Com [i])

»

print (”Max Com=",Max_Com )

Cmax = max (Max Com)

#AuA Farliness wax Tardiness
for i in range (N):

if Max Com [i] < d[il]:
Elil=d[i]l—Max Com[i]
else :

ELi]=0

for i in range (N):

if Max Com [i] > d[i]:
Tlil=Max Com [i]l-d[il]l
else :

T[il=0

print ("E=" €, 77="7T)

#e Objective function

Obf=0

for i in range (N):
Obf=0bf+(el[ i ]1*E[i])+(pilil*T[il)
for j in range (M) :
Obf=0bf+(H[iI1[jI*WLilljl)

Obf = Obf +(gamma*Cmax)

”

print (”Cmax=",Cmax)

print (”Sigma=",Sigma)
print (70bf=",0bf)
tl= time.time ()

print (tl —t0)
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The Project Proposal of Course 2301399 Project Proposal
Academic Year 2018

Project Tittle (Thai) Bnsi3afndmsunsuideymnsiansanisuanfidinuanal
Project Tittle (English) Heuristic Method for Job Shop Scheduling Problem with Due Date
Project Advisor Associate Professor Phantipa Thipwiwatpotjana, Ph.D.

By Mr. Supachai Inta  ID 583545323

Mathematics, Department of Mathematics and Computer Science

Faculty of Science, Chulalongkorn University

Background and Rationale

Scheduling is a decision-making process using on a regular basis in
many manufacturing and services industries. It allocates a resources to tasks
over given a duration and its goal is to optimize solution of the objective,
which is minimizing manufacturing time. In this paper the resources and tasks
are machine and job, respectively. We study a job shop scheduling problem
with due date. The due date can imply the earliness and tardiness of each
activity in the job shop scheduling system. After that, we use an integer linear
programming and a heuristic method to find an optimal solution or a near
optimal solution and the corresponding makespan of the problem,
respectively. Our purpose is to compare a relative error and a mean relative
error between the results got from integer linear programming and heuristic

method.

Objectives

Compare the solution of a job shop scheduling problem with due date

using an integer linear programming method and a heuristic method.



61

Scope

1. We consider only small sizes (the number of job is less than or equal to
10 and the number of machine is less than or equal to 10) for a job

shop scheduling problem with earliness and tardiness.

2. We use CPLEX-program and Python program for solving integer linear
programming and heuristic method of job shop scheduling problem with

due date.

Project Activities

1. Study a job shop scheduling problem .

- Framework and notation of a job shop scheduling problem [1],[2]
- Basic job shop scheduling problem [1],[2]
- Job shop scheduling problem with due date [3],[4]

2. Study how use CPLEX program and the Python program [5] to find the

makespan of a job shop scheduling problem.

3. Transform a job shop scheduling with due date to code on

CPLEX-program and python program.

4. Find solution of a job shop scheduling with due date using an integer

linear programming and a heuristic methods.

5. Compare a relative error (RE) and a mean relative error (MRE) between

two methods.
6. Recheck the process.

7. Conclude all results and write a report.



Duration
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Procedure

Month

Sep.

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

1. Study a job shop scheduling
problem.

2. Study how use CPLEX-program
and the Python program to find the
makespan of a job shop scheduling
problem.

3. Transform a job shop scheduling
with due date to code on CPLEX-
program and Python program.

4. Find solution of a job shop
scheduling with due date using an
integer linear programming and a
heunstic methods.

3. Compare a relative error (RE) and
a mean relative error (MRE) between
two methods.

6. Recheck the process.

7. Conclude all results and write a
report.

Benefits

1. The benefits to the student who implements this project.

(@) Apply the basic knowledge in mathematics and the knowledge

gained from our learning to the related problem.

(b) Know how to work systematically.

2. The benefits for users of the project.

(a) Find solution of a job shop scheduling problem with due date using

an integer linear programming and heuristic methods.

(b) Apply the heuristic idea got from this project to a bigger size

problem.



63

Equipment

1. Hardware
(a) Notebook computer
(b) Printer
(c) Thumb drive
2. Software
(a) Overleaf ver. 2
(b) CPLEX ver. 12.6.3
(c) Spyder (Python ver. 3.7.1)

Budget
Material cost Price
Textbook 2000 baht.

Photo copies 1000 baht.
Project poster 1000 baht.
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