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58405316 : Major (ENGINEERING MANAGEMENT)
Keyword : PRODUCTION SCHEDULING/PARALLEL MACHINES/SOFTWARE AS A SERVICE/
PHARMACEUTICAL INDUSTRY

MR. NATTAWUTH LEAWIN : HETEROGENEOUS PARALLEL MACHINE
SCHEDULING OF A PACKING DEPARTMENT: THE CASE STUDY OF PHARMACEUTICAL
FACTORY THESIS ADVISOR : ASSISTANT PROFESSOR CHOOSAK PORNSING, Ph.D.

This research aims to study the scheduling in a pharmaceutical factory
and developing method of using Software as a service (Saas). The researcher selected
blister packing scheduling because this process behave as a bottleneck, causing
delay of overall the production process and late delivery to customer due to the
blister packing process utilizes multiple machines with different capacities and speed
and it have to set up, pack and require a line clearance after finishing each job to
reduce cross-contamination between products. Therefore, the researcher selected to
study a heterogeneous  parallel  machine scheduling. The objective is to
minimize the total makespan by using AMPL language to connect between
mathematical model and CPLEX solver on NEOS server which is a free of service
charge. The result of solving showed that the extravagant tool could reduce the

total makespan from the current practice about 17.49%
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2.1.1 M3ngnsallarMEsoINgnAn (Forecasting and Customer Order)

N1INEINTel NUEde N1SAIRATIL NTEN1TUTELEINAINABRINSAUAIYRINAT LY
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AN USHIAINABINIT warYaeaTavaesdey ToyailliainnisneInIailay A

¥

F9v09aN AN DU AINUATTALAL T IUIUVDINAA A UNNLTIINU LA DININITHAALIN D

Y

MOUALDIAIUABINITVRIGNA

2.1.2 MIMLNUNITNENTIN (Aggregate Planning)

M3nEUNsHansaLdun T urunIsHansEaEna 1t Ineazlddoyanisnensal
& v L = a o e = = v ' a o ¢
Judoyansdiy B9.0un15ueaianImsiuvemandpsiununazietadoyarasudasHEns i

= 1 1 a % 6 .
WAASLNEINLIETINVBINQUHENN I (Aggregate Unit)

2.1.3 m1519n15Haanan (Master Production Schedule : MPS)

AT NATTHAAVEN A WANIDIUT AR DINSRNAR A UTIIFaz Y InlULAaZ T 9L
lPgAMUINANTOLAUNUNITHENTIN LU UHUATTHENTINVBITOLUA JU A 100 AU U B 150
A wazsn C 200 AU %"’amiwmim%wé’ﬂﬁwgﬂﬁ'ﬂ,wizLﬁuﬁwﬁqmimﬁm%uﬁu (Rough Cut
Capacity Planning : RCCP) wleyinnnst fusdliiaenade sfuidanisndniid oglutaqiu

nounsilUlglutunaumaly

2.14 mi?NLLNuﬂ’J’lwﬁaﬂﬂ’ﬁﬁJm (Material Requirement Planning : MRP)

t4 LY [d A o a Y [ = vy
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1. ®19NNSNEANEN (Master Production Schedule)
2. lumensian (Bill of Material: BOM)
3. UoyadumAinds (inventory Data)

HAANSN1AA1NTEUU MRP azuualuunun15d9@e (Purchasing Plan) WagLHUNNS

[

nam (Production Plan) Taglgn1sAiulauudaunay (Backward) SAUAUnann1sniInnngs

n1snanvedlsauilegedieliddana (Infinite Capacity) 3avilvuaunisudanlaanssuy

Ly o w

MRP 213ldduiusivindensudnniogase Javilisealin1snunuaNfaIn1si&ng

HARUIRUITNARANY q TalUTsnsInn s nsHanlRNAeuRazdn lUTduaS

2.1.5 AMTINLHUANNABINITAIGINITHAR (Capacity Requirement Planning: CRP)
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2.1.6 mﬁﬂ’mﬂuﬁﬁmiimmﬁwﬁm (Production Activity Control: PAC)

N13AIUANAANTTUNITHENNTBAITUTNITINUNNISHER (Shop Floor Management)
Junisidwadnsnlaannisdanisantsuanuilgluiunin1snanase nasnauauguLay
Anmuuserninanda b dulumuunuauineld soudeiwinsiusamdanudeyasig 9
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(Forecasting)

(Customer Order)

NN UNTNAR TN

(Aggregate Planning)

AN NNITUARUAN/NNTINBEBANRINTHARTLFL
(Master Production Schedule: MPS)/

(Rough Cut Capacitv Plannine: RCCP)

lusnenisdan

(Bill of Material:

ﬂ’]ﬁ"l’]\‘iLLNuﬂQ’mﬁﬂx‘m’li{@ﬂ
(Material Requirement Planning: MRP)/

WEUNNIRITD/ WL N TR

(=

BYARUAIAIARS

(Inventory Data)

N1FIUNUAINAINNINNAIN1THAR

(Capacity Requirement Planning: CRP)

ANAINITHAR

= = 1
Nl vaa lad 2

N\

Y
o

o S
ANANTR

(Purchasing Order: PO)

ANGILAR

(Work Order: WO)

NNIAARITINNTNAB

(Production Scheduling)

(Production Activity Control: PAC)

NMIAYLIANAANITNNIINAR
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2.2 NMTIAAIAULAZNITIANITINITHNER (Production Sequencing and Scheduling)

Ssiew (4) nanliin msdadrduniswan (Production Sequencing) LunsMIAIABU

Mmsazvnulansunsamisazyinaulaludsudal

st (5) nanliin nmsdamnsnenisu@n (Production Scheduling) lun1suian
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A o v A A o q v 2 =
srgzafinuualiiionaziliesdnsaiuisaussaiadnuny (Goal) %

o |

(Objective) gegaiodAnsnmuabINnaIty N153nn1519987 1N 1UI1 151azdesldunay
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2.3 35n15%1A1naUTUN15INNISINISHEAR
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en1smdneuliiun1sinnnsanisnanazilegvainnate3svuegiuruiauay

anwazvaslym Junnldauninvesineuduna aunsoudaisnismameveentiduy
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2 nqu lewn 35n1silvidmeunfiign (Extract Method) wagdsnlirnauiidilnadnaug
mammmiam'} ATNITIIAMDULUUUTZU (Approximate Method) Aauaasluiug ﬁﬁ

2.2

2.3.1 A muan15.BeadlnAans (Mathematical Programming) 1uni1331ass

Yeymmelumanisadinaians(s) wazmaimeulaunslalusunsunouiimes 19819909
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Jemsd Moud s muanindadu (Linear Programming) AMUUANITUUUIIUIULAL (Integer
Programming) AMAUANIILTBEULUUNEN (Mixed Integer Programming) kagA1muaAnNIhuY

LaivlwBadu (Nonlinear Programming) Visiiiuegiudnuauzvasdymuasfnouiineinis

2.3.11 fvunnasi@adu (Linear Prosramming) Wumaianilsvesnis

[ o’ddd

":JLﬂﬁ’]%ﬁLﬁ@ﬁﬂaﬁLﬁ]LUUﬂﬂi’lLﬂi%‘ﬁMLWE]GIB\‘iﬂ?iﬁ/i’]ﬂ'W]EJUVI’NLﬁ’e]ﬂ NIONINAANSTIAN én Tain

= 1 [

1d 1 1 1 ° a o [ 9/
‘U%LﬂUﬂ’]QQQQ WUAIMNER BTDANNINUANINUR mﬂﬂ@ymiuaﬂwm NP

9

43

“|anniign
visoidutioniian e werbiifidmun” melddeuly 1wy niwennsiiflegesisdiia diu
mnudeansiseyly s
Snwarveslymrmuamsidadu doflaufisn 3 Uszans il
1. fimnududadiuneiu (Proportionality) Ae fuusindulausaydidinase
flafiduingussasduazdimnasiofouludaduudasde 1wy mndiuuniuan
Fue1uanaIn 500 e 1y 250 e axinarilvidiluanmeshauve sy
fldluaundnnazsruuiilusnsinureasanuiildlunmaaeuganin
anas
2. anunsovanuIenudifedulsd (Additivity) Ae AuaudATimousg q Tu
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3. awnsauvaludiudesld (Divisibility) Ao anantRndudsdnduladululans

o < [ 1o <
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Y

Tnsauufgiusis 3 Fotuazgniunuanseglugvesivndeld fodl

Handuingussasd Max vise Min -~ €1 X1 + X + -+ Xy

Fouludsdu a11Xy + a;p Xy + -+ a Xy = by
ak1X1 + Ak X2 + -+ aann < bk
am1Xy + amp Xy + -+ appX, = by

dio Xq, Xo, ., Xy WWusnudsdndula A €. Co, ..., Cp tHududszdndves

muUsdnaulaflenduanUseasa

Woulvdssuusznauluaie

g
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v
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2.3.1.2 wauaw s Uy mimanzauiga (Optimization software)
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2.3.1.2.1 CPLEX (IBM ILOG CPLEX Optimizer) #io woWdua37
Waulae 1BM Inglddanessudumanddsdrulngldlunsuddaymimuanisidadu Liner
Programming)

2.3.1.2.2 MINTO (Mixed INT Optimizer) #i® wonduwisiiinnsg

[Z

Usrenadsnmsundyymuuuuaniauwar91ialus (Branch-and-Bound Method) lagfin1suen
a [ Y o d a ] o o o Y 1%
Avaziunisadidinaureimisdenlaeiansanitasauisadinuluiuueiesdnslale
U4 19U N15MANIAINTUANUAITERA NTEATEITNTIUIUAY T1UIU 2 1ATBY lAgNI1TUAN
a [ 1 o A a Aa !
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2.3.1.2.3 Gurobi (Gurobi Optimizer) Ao goWawlIsnlglunis

wAtgymnuansdunvivaiolagly CPU wane o farielunisiiesigi

ada a A

2.3.2 15973a%n (Heuristic)

Huimamdmeuiliadlndmneuianas ngldatlunsdnaliuiun 33
§13aRnazduBmsiilfianizngy nanfe agliaunsainiBnsuitymdmiungule 9 v
uidgvilunguduld WesanldeenuuulilsuenigFoasntdy 1wy nasldng oD
(Earliest Due Date) nn1331891u (Dispatching Rule) ngn15gu (Random Rule)

2.3.3 Aumgqsain (Meta-Heuristic)

[

Juasnasmmmeudildlfaeniranndndznsuuudisann daasdtunaunisriay
FudounnnninitnsBaiainuiooralunisihBasuuviiFainuuuseseseniie il
Uszavsnnlunismeneuiintu wu 33n1saumianizd (Local Search: LS) 33n1531aes
WUUBUDDU (Simulated Annealing: SA) '3%ms%umam%ﬁuqnsw (Genetic Algorithm: GA)

luntlagvensswasidunag 2 35

2.3.3.1 PGA Pack (PGA Pack Parallel Genetic Algorithm Library)

{u3snsmAmeunisul Ineg David Levine siluwiAnnislenguuseyins (Population

'
a aAaa

Based) JumounisateveanugnssuvesdadiddaundutunsulunismameurilinisAum

° Na o o = v a o =~ A v o Aaa
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2.3.3.2 PSwarm (Particle Swarm) {uisnsmnaufiiauianain
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seiinsdedygranfiedeansiulivsuisuniwetomisuasniluiuludunasenmsd
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ounA (Particle) $1uauwn indeuiilafiuiifidosnisdum (Search Space) ilodum
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2.4 53UUN13HEA (Production System)

spUUNeHEn el suseuniensruaunislunisuasaniwingiuluundn ot
vioduddnsagy Tnevhly fnezudeszuunsndneenauddivreaniesdnsildluusiay
funeu (Machine Routing) 171 szuuIATesinaifie szuuiiesdnsauu ssuukdauuulva

LADU TEUUNINARLUUAINNIU

2.4.1 53UULATIINTLAYT (Single machine)
a Y] a Y A o a ° = N &
STUUATRIINTIAET Usznaulumesusdatunulfsidiuiunils lneaumani
ABIYUULATEITN IR UVINTY SnwalzN157N9UYe9sEULIAIesdnsineasdussuun
Pelddudeudadunfevlunisindnwuiiaiseudnalalunismimeeu delu nsfnwds
Bnsdemsnnisudadmsussuuiniasnsneraziugasudulunsiaun3isnsinnisig

nswantusyuunanwuud 9 wegdaduiugiudaglunisimunisnsdanissnisudaliiu

©@©—>

AN 2.1 STUURTBIINTLAYD

SEUUNTUTaUDNAIY

2.4.2 s3UUR3099nIUUI (Parallel Machine)
SYUULASDITNSILILAEAG B TUS Y UULAS 9 NSIBIn sl ufazsuUsE noud e Tunoy
AM5TULis uRe LR Lalud1utoIlASessnT STUULASeTNTIUIY axUTEnoURIY
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::4' [ 1 f VN~ [ [ dy
SEUUMASBIINTVUNUEIUNSDLUIRaN ALY 3 anwaly §9Tl
1. WIDIINTVUIUN WML aUNU (Identical Parallel Machines) S¥UUNAzHLATBIINTN
v a @ (Y]
YUIUAUIANUSIYINAY
2. p3esdnsauuiiinusalunisudns1eiu (Different Speed or Uniform Parallel
. & = d' [ A v < a ' | [ 1
Machines) seuuilagiiadaadnsnuurunuialanuilunisudslumndy wu
4:1' [ = @ a 1 d' [ [~4 ail’ 1
1P5099n5 M; asdianuiilunisndngeninaiesdng M, wazasilusuuillunaenly
1 ) <
19zvnaulane

3. LA3999NSVUIUNUN bUFUNUSAY (Unrelated Parallel Machines) S¢UUTLAS099057

[ = < a o a
GZJ‘lJ’]‘L!ﬂ‘U‘USiJﬂ’]’mLi’ﬂim’ﬁf}\lﬁﬁllllLV]’]ﬂuuﬁ%‘-ﬂ%LUﬁﬂ‘lﬂU@nMﬂ’]u

2.4.2.1 T/NIVIAABUNANGAYRITEUUATOIINTVUULAENTLY

AUUANIILTNLEU (Mathematical Programming)
é’hasi’mﬁmuﬂmﬂ%ﬂLﬁuLﬁamnmﬂmmﬁaSﬁqw
Handuinguszase: Minimize Cy,ax
Aun1suIn:
n
Cmax 2 E Pi,kji,k 7k= 112;3;---rm
i=1
m _ R
Yke1Yik =1 :i=1,2,..n

Y € {01} ;i=12.,nk=12..,m
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Ine
A a
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A

P x  #Aa arlunim@sen i uezasdns k
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m AB ANUNULATANANITIANNA

v
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n AR ATUINNUTIVILA

2.4.3 S3UUNINARRUUaEeY (Flow shop)

SEUUNSHANLUULAE0Y 98UTENDUMEIUATITUNDUNITYINIUNINNTT 1 JunDY

Jir wazaziinsosdnsiizssrenuludnyugounsy Tussvunisndawuuiiasiiienialung
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v v v A

unsanisinavesulUuiamanelfuy LtarseskiiunduiNAseIdnstiy anvedigaall

Asendanadouly nau-uaslunisyieu

M1

AN 2.3 suunsuankuulvaldouy
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[ Y

szuunskanuuulvadousriidnvusianisfiddy feo wiazauariitunaunis
yharuannnd 1 sumey wariiedosdnsfiieatesuinnit 1 1ndes Tnsindasdnsazgniinan
JaFgeronunuuaunsy wazdziianianisivavesiuyn q Nuliieaianiuien
(Unidirectional Routing) nanade iilsnulagnvinuuiaiesdnsvilaudaoyliannsanduunii

d' < [ ] vl a di 1 Y & o &
V]Lﬂi@ﬁ‘ﬂﬂiu‘tﬂ@@ﬂ 33‘U‘Uﬂ’]iNﬁG\LL‘UUI’M@LQ@UE’HN’WQLL‘UQE]@ﬂl@’IL‘U‘Ll 3 LWUUMNU
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2.4.3.1 sguunisuanlvaldeuuvuauysal (Pure Flow Shop) a¢d
dnwlanBiaALINnateiY Ao Arnnisinavesnuasivilouiudmiuyn 9 ¢

' '
faal al

AN 2.4 Uansiieg1avessEuuNIHanLUUInadeuanysalndeuiden1swdn 2 91U fe

¥ 1

U L 1a91U ], wAazulIEnouaIeTunaunIsineIu 3 Tumau Wua Ji 1 J1 2]
WAZIU T 1 D]p, DJ230801uumUN 1,2 Uay 3 983%3 2 uazlifianianisiuasin

\A3099NT M; =M, M, wilouiu

J11 >O )@
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a a « ¢
AN 2.4 i%UUﬂﬁNﬁﬂlﬁaLa@uﬁuyjim

2.4.3.2 syuunisudnluatiouuuuialy (General Flow shop) 3%l
Snuazianiziininandinandiadu fie fevnenisivaveseulisndudeadumiiouty
dwdumn 9 91U wadsazdedifiesiianafel i 2.5 uansiiogsuessyuunHanlya
Founuuiluitnuiidewdn 2 1u fo 91U J; wazaw I, wiasauuszneusiedunounis
¥ 3 Jumeu Taun J11 21221 348297U ]2‘1:>]2,2:>]2,3Imaawuslu%’jumauﬁ 1,2, 3 999
0 Jyeiifiamansinaaneiosins My M, oM, lusasiiduneuil 1, 2 was 3 89914

J, AAANIINTINNUVUATEIINT M= M3 M, Fsagliwmiloudu
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Ji1 Jio

z 4

E
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A7 2.5 szuuniseanlvadeuwuuiialy
2433 sswmswamiwmﬁauqu%mju (Flexible or Hybrid Flow Shop)

1%
S LY
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2.4.4 S$UUNINERLUUMINIIU (Job shop)
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2.5 InquszasAuazAInaNIIaUL
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2.5.2 IngusvasArnuivuadeau (Due Date Related Objectives)

2.5.2.1 11@1a1t (Tardiness: T) 13818191 ¥39AMNAIET NUIBRLIAITNY
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2.6.1 Dependent set up time
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2.6.2 Independent set up time
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2.8 NEOS (Network-Enabled Optimization System)

NEOS 1JuiulednldduSunismmneulituiuuiiassnsndnamansagtanile
lagfinuAnsISuN19Ina@adu Wisconsin Institutes of Discovery at the University of

a1 W

Wisconsin in Madison &alutinausnasdunisusnsiduitaymifivuwnvgfiddwlsvde
fosriaunune Aduidamassgldinuies mnduldfnstausndudduaunaedy
WSnasliusnseuduwasitnlagllfnailaane %ﬂ@%ﬂﬂu%dqﬂ@mmumwﬁwL"JULWQ,
e-mail Faiumaniliusnasaefilusunsudisaiuanmis q lndenldidusiuauunn wu
Linear & Integer Programming, Quadratic -Programming, Nonlinear Programming,
Stochastic Programming 18 lag NEOS Server @150 8 114k UuINanIneatnf1d@nslo
AT 19U AMPL, GPMS uaz MPS dheingiiieilsl NEOS Server fianufiaveufiunis
Tusns dmsumsldausinu NEOS Server snllufesiionsaunssossuszun el

1. Neos-2, Neos-4 : Dell PowerkEdge R410 servers

- CPU - 2x Intel Xeon X5660@2.8GHz (12 Cores), HT enabled

- Memory - 64 GM RAM

- Disk — 2x 500Gb SATA Drives setup in RAID1

- Network — 1 Gb/s Ethernet

L2381
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2. Neos-3, Neos-5 : Dell PowerEdge R420 servers

- CPU - 2x Intel Xeon E5-2430@2.2GHz (12 Cores), HT enabled
- Memory - 64 GM RAM

- Disk — 2x 2TB SATA Drives setup in RAID1

- Network — 1 Gb/s Ethernet

3. Neos-7: Dell PowerEdge R430 servers

- CPU = 2x Intel Xeon E5-2698@2.3 GHz (32 Cores), HT enabled
- Memory - 192 GM RAM

- Disk — d4x 300G SAS Drive setup in RAID5

- Network - 1 Gb/s Ethernet

2.8.1 Fumounsiusnas NEOS Server

- Ben Solver Wimungaufutlyitdosnis Optimization 1wu CPLEX, Gulobi,
MINTO

- wasdieyaiifioanis Optimization Wiuguuuui Solver amnsaithiu Solver ¢
LW AMPL, GPMS

- BeniEnTaTiar Sudneundannil Solver #1735 Optimization 1 Web

interface, XML-RPC, Krestel WHuduy



https://neos-server.org/neos/#solver

iy

SERVER

NEOS Server: State-of-the-Art Solvers for Numerical Optimization

The NEOS Server is a free internet-based service for solving numerical optimization problems. Hosted by the Wisconsin Institute
for Discovery at the University of Wisconsin in Madison, the NEOS Server provides access to more than 60 state-of-the-art
solvers in more than a dozen optimization categories. Solvers hosted by the University of Wisconsin in Madison run on
distributed high-performance machines enabled by the HTCondor software; remote solvers run on machines at Argonne National
Laboratory, Arizona State University, the University of Klagenfurt in Austria, and the University of Minho in Portugal.

The NEOS Guide website complements the NEOS Server, showcasing optimization case studies, presenting optimization
information and resources, and providing background information on the NEOS Server.

Sign up for a NEOS user account to receive better service! When you Sign Up for a user account and Sign In before you
submit your jobs, you will receive higher priority job scheduling and access to the newest feature, a "My Jobs" tab with a list of
your recent jobs and links to the results. For more information on the introduction of authentication services, read the March 2016
article, NEOS Optimizes Itself: New Solvers and Authentication Services Added, at the Wisconsin Institute for Discovery website.

We have re-enabled user accounts with improved functionality and security. You will need to reset your password to access an
existing account.

NEOS Guide NEOS Server Advanced Tools

NEOS Case Studies

NEOS Optimization Guide
NEOS Server Information
Optimization Resources, LP FAQ
and NLP FAQ

Submit a job to NEOS Statistics: solvers, web sites,
View Job Queue and Job Results cluster

User's Guide to the NEOS Server Job Archives (password required)
NEOS Server FAQ Downloads: Client Tools and
NEOS Support Kestrel

A7 2.10 Bumaves NEOS

[y

111 https://neos-server.org/neos/solvers L ioTuin 9 lguieu 2560
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2.9 AMPL (A Mathematical Programming Language)

APML (8) Ao anwmnsadnaiansilylunisidnlyswnsunisandula (Optimization) 4

Usgneulumediuvesdeya dudsdnduls Hriduingusvasd dednin uazArdenldlunisdanisuaznis

¢ = o 1%

Tnszit Fefusenandeyanainnateguuuu ldwndu wuueg adidlauaundn wiounninay
an3ntuly AMPL annsauansanuduiusnisiimouvesaidsléiuiinandodngninaonshauay
wuslaseadradu 2 dau fe dauﬁlﬂu%ay‘a (data) n3enuusiaes (model) wazdruiilurds
weNNLAPML Fadunrwiitausathluldldsusnnans Solver wwu CPLEX, Gurobi, Xpress,

CONOPT, MINOS, KNITRO 1dusiu

& AMPLIDE
File Edit Window Help
Che s

% CurrentDire.. = B  EConsole |Eu| # B~ i~ = B [& The two variable linear programming.mod [ Prod0.mod 32
B v @ AMPL var XB;
C\Users\Admin\Desktog ~ @mpl: model Prod@.mod; var XC; )
ampl: solve; maximize Profit: 25 * XB + 3@ * XC;
S 106MSDCE ~ | uINOs 5.51: optimal solution found. subject to Time: (1/200) * XB + (1/140)*XC <= 48;
& All App 2 iterations, objective 192600 subject to B_limit: @ <= XB <= 6000;
& Amphawa 60 ampl: display XB, XC; subject to C_limit: @ <= XC <= 4000;
(= amplide-demo XB = 6008
= EMm XC = 1400
(= Endnote8
&= GMP
& Inventory theory
& Minitab
& My EndNote Lit
& OEE
(= Setting
= software operal
& VB Lesson
[EX g RTELTY

ampl:

& usiemn

[l 03chapter2.pdf
=l 6thesis.pdf

[ AMPLpng

=l amplhandout.p:
=l amplmod.pdf
[ bt2.pdf

|5 FormatFactory.e
5l fulltextpdf

5l Fulltext#1_2765
[l Fulltext#1_7899
[l Fulitext#12_242
[l hand2-ampl06.j
(5l i1sbn974190793"
[ LineLauncher.ex
=1 Plastic.pdf

5l Prod0.mod

(=) thesis.pdf

5l The two variabl ,

AW 2.11 weensvhaiuves AMPLIDE Tnenisld AMPL
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Aq8819 11519 AMPL lun1sundaniiigidunisuanetielslilafilsasga (Production
Models: Maximizing Profits)

v v Aa

a o a @ v o 1 a Qy d' Y o d' ay gj a dy %
Usgnnanmannaimasiadulaitagndauaulanliilsuiniian netuaumns 2 sileild

1Y

LASD9ANILAENU Teedf1aIn1sean kazAlsUeITuIULAazIUeail

AEINTWER (/A Ta9): Bands 200 Coils 140
mlseosy (S/eu): Bands $25 Coils $30
AMURBINIS (Maximum tons): Bands 6,000 Coils 4,000

° &y ) a A & o ¢ a &
A0 AD ﬂqﬂqﬂiﬁﬂﬂqumsﬁQINQﬂqimamL‘WEJQ 40 GU'JINQ/E‘HJ@']VI mmzmam%u\‘i’mlﬁuuaz

uuilvsieglafilssinasan

[

Wanunsaklastemufenanumnuswazaunisneadneans laeas

fuusingula; A p $auBuTY Bands () X §ruauBueu Coils ()
ANNTYINUTLAR; Maximize ~ 25Xp + 30X
Y o w 1 1
AUNIIVDINNG; (ﬁ) Xg + (m) Xc <40
0 < Xz < 6000
0 < X¢ < 4000

[

Fupousald Mn1sudasaunisnieadineianssananiidy AMPL sail

1. Prod@.mod

var XB;;

var XC;;

maximize Profit:25 *XB +30 * XC;

subject to Time:(1/200) * XB +(1/140)*XC <-40;
subject to B_limit:0 <-XB <-6000;

subject to C_limit:@ <-XC <-4000;
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2.Console

ampl:model Prod@.mod;

ampl: solve;

MINOS 551.optimal solution found.
2 iterations, objective 192000
ampl:display XB, XC;

XB - 6000

XC -1400

[

21 APML drasfuamnsnuiafudoyaldsd
1. ansanAinauls e MINOS Solver
2. flsgegn fig $19200
3. Win Xg = 6000 Gy, WNan X = 1400 Fu
2.9.1 5l AMPL Tu Linear Programlnming

NFIRLTENUINZIUlA T INes . 2 sandsntuneannsaud senauladl

[
[ YY)

1NN 2 fuUstuld aunisfavdanntu fdsusn AMPL Fsgnianldiieantuneunay

Ianmseulvieglunuunaeimnainmans (Fydnualiivada: Algebraic notation) %4ve

2oU"8 Al

LUUD1a89SADINAENS

Sets = YUAVDINAN U
Parameters = IR ULAE SR INNSHAR
Variable = Fusfismauls
Objective = AsiifesnTInAneY (gegnniesan)
Constant = 483110
Avuala
P = LYRNVBINANT N
a; = SasNsHARYeTUIL j,j € P
b = Srunudaluanisuan
G = fls/furastiueu j,j € P

uj = UUAUFIEAVDITUNY j,j € P
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fuwdsanaula;

X; = AMTUIUFUDITUNNL j, j € P

AUN5YAUTTENR;
Maximize Yjep, ¢iX;

ANN9URINNMA;

1

0<Xj<udwuj€eP

Junausioll vhnsulasdganwaifivads Wiy AMPL

1.Steeldat

set PROD := bands coils;

param: rate profit market
bands 200 25 6000
coils 140 30 4000;

paramavail =40;

2.Steelmod

set PROD; # Products

paramrate (9) >0; # tons produced per hour
paramavail >-0; # hours available in week
paramprofit {PROD}; # profit per ton

parammarket {PROD}; # limit on tons sold in week

var Make {p in PROD} >-0, <=market(p; # tons produced
maximize Total Profit:sum{pinPROD} profitipi*Makelpi;

# Objective:total profit from all
products
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subject toTime: sum {p in PROD} (1/ratelp) *Make[pi<=avail;

# Constaint:total oh hours used by
all

# produts may not exceed hours
available

3.Console

ampl:model steelmod;

ampl:data steeldat;

ampl:solve;

MINOS 551.optimal solution found
2 iterations, objective 192000
ampl:display Make;

Make [ =

bands 6000
coils 1400

J
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2.10 91U MNYIVD9

Kopanos wasane (9) i1n15AN®IA1519n15KHERET N15Y19 uvenasIeednsiduluy
Multiproduct, Multistage batch plant wag 14 Mixed integer linear programming iU U
Decomposition algorithm LUFguLiigugnsisia (Original MIP) iU gnsiiamwiual (Purpose

MIP) 91nHaN1INAaRINU11 Purpose MIP gansaundamilaanitlagldiailunisaiuac

YRYNILUULAY

Balarkrishnan (10) lavin13An®1n153AAI3NNTHERVEIULUULATEIINTRULYUIY T
< a | [y L . a o w 1 [y &

AusluNIsNARR19AY (Uniform parallel machines) wazdanauni1snou-ndivean1sag

Ww3o U N eId09 IngRAUIFAILUUNIIABAAIEASUUUTIUAULALNIY Hyper LINDO

Solver lnafingUszasAiiialnlafunuaige

Borissova (11) l6ivi1n15An®1n152990aun59AR13 9N ISRERgaamMNssuman Nfidedin

MU eIINTHaENITUIUNII MU dus v ey Wienansnansuidesiige

Taely MS Excel Solver

Enrique Del Castillo (12) l@egu1sfianislay Network scheduling Lien1su1autaunzay
Y93n159A91519n150E0 Iagssuulsenavlunie nsdeudeyareudazn seuIun1INEN
AILANTLUIUNTY WAL 91BN LARBY UATUTTY kT899 8 UAULN WNBMINAINISHEAT

'
1 a

Aige Anadensivaresy uagavinliineuEt

Vanditti wazanz (13) ¥n1s@nwinszuiunisussgedalulsmdne) Ussinadand Al

anwuzlpIesdnsudamesuuululavainiaty (Multi purpose machine) N9wun 3 LATDI B9

¥
o

N13UTIPYINUBALADSHAL UTILAIUAANOTAINGRY NIdRInTEUINNsilvhaudeliolnae
AULUULATINTLAYA (Parallel Single machine) lasdiuadnin (Constraint) fiall N15USURY

1304, NMsideue Tadnindu 9 Mietesiuyaiesedilo wwiesudawes lnstidmnewive
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anrantun1sUneru (Minimization of Makespan) wagiiA1a191uoeian (Minimize

Tardiness) Iaen15l4 Tabu search algorithm Tun1smAneu

Stefansson wazanz (14) ¥N15AN¥INI5INAITNNITHENTIMTUREAS e 40 NEu R
wusgoelaidu 1,000 wanswg nsvisuveuasosdnsdunwuy Multistage, Multiproduct
flow shop production WUINTFUILNITHAAAILNTTUIUATIIH LA NISHANLATYS N15ABN
naiARe uarnnsusey Inedumeuussydutunouiiurenaiidedldfunmautlomss
\3sUTTuAaziaTealddinisndataznarililunisidsugun neneiu Taenisld
Decomposition algorithm 't U U Discrete formulation tUS8 UL Uiy Continuous

formulation waald CPLEX Tunmsuadgmiauvitasslaauisaundymandmuiueiuat

1ARNIAL 2INRANISNAABINUIY A15LE Continuous formulation @usanndgmilannin

Kabra wazatde (15) laAn®In15213UNUAIT19N15MER Bio-pharmaceutical @93n19v11971

P & IJ Y . I & a ) o v
UADUAD VUADULINLUUNITUUA (Fermentation) IUTUADUNEADS WJun15vinle

ey

g 2

e

U3gv5 (Purification) @afiveadu 3 wansiuel n1suandnduiuy Multi stage, Multi product

continuous process laglei8n15a379 Mixed integer Liner programming FeWuUpYu State
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a3

No | Product name | Code Package Indication
1. Amogin OTC Tablet Ay 1000x50x10’s | Symptomatic relief of peptic ulcer
2. Amvas-5 Tablet Az 2,000x100x10’s | Hypertension
2,000x100x10’s
3. Amvas-10 Tablet Az 1,000x100x10’s | Hypertension
4. Caltab Plus Tablet G 3,333x6x10’s | Treatment of Ca deficiency states.
5. Caltab Pro Tablet C 1,666x6x10’s | Treatment of Ca deficiency states.
6. Caltab-350 Tablet Cs 400x100x10’s | Treatment of Ca deficiency states.
Caltab-600 Tablet Cq 600x100x10's | Treatment of Ca deficiency states.
Caltab-835 Tablet Cs 628x100x10’s | Treatment of Ca deficiency states.
9. Caltab-1000Tablet Ce 1,000x50x10’s || Treatment of Ca deficiency states.
10. | Caltab-1000Tablet G 1,000x50x10’s | Treatment of Ca deficiency states.
(Circle)
11. | Caltab-1250Tablet G 840x50x10's Treatment of Ca deficiency states.
12. | Caltab-1500Tablet (@ 700x50x10’s Treatment of Ca deficiency states.
13. | Chlovas-40 Tablet Cio 20,000x3x10's | Treatment of dyslipidemia
14. | Clindavid-150 Cit 1,000x10x10’s | Treatment of infections
Capsule
15. | Clindavid-300 Ci2 2,000x10x10’s | Treatment of infections
Capsule
16. | Cosic Tablet Ci3 1,600x50x10’s | Muscle Relaxant
17. | Coxium 250 mg Cig 3181x10x10’s-| Relief of degenerative osteoarticular
Capsule disease
18. | Coxium 500 mg Cis 3,000x10x10's | Relief of degenerative osteoarticular
Capsule disease
19. | Coxium 750 Tablet Cis 1,763x6x10's Relief of degenerative osteoarticular
disease
20. | Diaceric Capsule D1 1,666x3x10’s Relief of degenerative osteoarticular

disease

Product name = %oHaAnsi 91, Code=mdnusea, Package = JUKUUUTTASAI, Indication

= Yaudld
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aaq

No. Product name Code Package Indication

21. | Dioforge-160 Tablet D2 3,571x2x14’s Hypertension

22. | Gitazone Tablet Gy 3,333x3x10’s Antidiabetic

23. | Gpzide Tablet Gg 3,200x50x10’s Antidiabetic

24. | Mcxy Cold Tablet My 7,500x12x10’s Common cold w/ nasal congestion

25. | Mcxy CoughTablet Ms 400x50x10’s Antitussive

26. | Mcxy Plus Tablet Ms 7,500x12x10’s Common cold w/ nasal congestion

27. | Memo-10 Tablet Mg 3,571x2x14’s Treatment of moderate to severe
dementia
of the Alzheimer's type

28. | Metfor-500 Tablet Ms 1,700x50x10’s Antidiabetic

8,500x10x10’s

29. | Metfor-850 Tablet Me 900x50x10’s Antidiabetic

30. | Milpid-600 Tablet My 3,000x10x10’s Treatment of dyslipidemia

31. | Milpid-900 Tablet Ms 1,000x10x10’s Treatment of dyslipidemia

32. | Neumantine Tablet N1 7,142x2x14°s Treatment of moderate to severe
dementia of the Alzheimer's type

33, | Nuosic Green Tablet Ny 1,600x50x10’s Muscle Relaxant

34, | Nuosic Pink Tablet N3 1,600x50x10’s Muscle Relaxant

35. | Prochic Tablet Py 4,800x50x10’s Acute gout

36. | Promet-200 Tablet P> 500x50x10’s Teatment of duodenal and benign
gastric ulceration

37. | S-Tone 25 S1 3,000x10x10's Hypertension, congestive heart
failure

38. | S-Tone 100 S, 2,000x10x10’s Hypertension, congestive heart
failure

39. | Throatsil CBS Tablet Ty 800x50x10’s Mucolytic agent

40. | Zymed Tablet Z4 5,000x10x10’s Antiallergic

Product name = Fendnsiug, Code=fgnuses, Package = guiuuussesinui, Indication = 4o

yaly
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3.4 anmiynvaslssnualegng
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3.6.2 NAULUUIIADINIANAFAIARNS

NATaINAANY 9 Alananludsduinanasismuuuneadamanslsenauniey

PIFITHBI AL AT P19

w1513mas (Parameter)

n = wnvesgynuinlflunisussgas edesussauuuudaines
{1,2,...,40}

= LbzimsuaaLﬂ%qmsmmwaama% {m,, m,, ..., ms}
T = waveaan {0,..., T — 1}
i = Lﬂ%Wiiﬁ;LLUUU%aLm% i,ieM
j = YAV j, ] En
t = A t,t €T
pii = Nl lunsUTIUULASaIUTTILULUAWeS | ¥e3e1 j (T2la)
G = nanililumaiianaazenn (Clearance) uulATaIUTTIUULAAMDS i Lile

fn1swaguatingn j (@alu)

suy = WalEluN13A%ATeY (Set up) VIATBIUIIPUUULAANDT | Vo |
(Flan)
Cnax = nanswlunsusTydesnan (Makespan) (Talan)

fauUsanaula (Decision variable)

t ~ . ‘:1' a ¢ .
Wij = ‘|: 1 o8N ] a"lﬂiqiﬂUiif\]‘UULﬂﬁ’E]QUﬁﬁ"qLLUUUaaLm@i1

0 NsEAY

Wanduinguszasd (Objective function)

Minimize G, (1)
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dun1598310A (Constraint equation)

o X (t+ sug 4 pj + ¢5) * W < Crnay (2)
Vj€En
Yico ZiZoWj =1 (3)
VjEn
Z]D=1 E:max{t—suij—pi]-—ci]-+1,0} Wit]' <1 (4)

vie mte{0,..,T—1}

~ <, A v v v Qj'
aun1sh (1) Wuaumsidmangidesnishivaaisulunisussqentesian

aun1s9 (2) JJuaunisesuienslrareanal s uuresnudayiniuNesILaIatsusy,

wanldlun1sussy, wanildlumsauases waznamldlunvinuagen

aun1s? (3) Wuaunsdedaialunisueumnenulinasssdnsivuiuiuauisavheuls 9

IafisaAIaaLmeI Uy

Ql' < Ql' v A [ dl' £ o b4 1
aun15¥ (4) Wuaunsniglunisueunnenuliasesdnsyninsassosiauliauluusag

391380
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A8814 2. LARINITIARITIINISHAR UNNISUBUNUIGITUNINUA 12 MUY 2 1A5899NT

YU UlARANAaTUY

naunsinadeiuliiinisulasdydnvaiiivadia iy AMPL Tnglieglugu
984 Data File, Model File wag Run File dauanalun1ni 3.4, 3.5 uag 3.6 Litoliaunsa

¥91uuL NEOS Server 1

#data
param m = 2;
param n = 12;

param T := 208;

param p: I

1 2 3 4 5 6 7 8 9 1@ 11
1 999 6 999 999 6 999 999 6 999 999 6
2 3 999 5 3 999 5 3 999 5 3 999
param c

1 2 3 4 5 6 7 8 9 1@ 11
1 999 1 999 999 1 999 999 1 999 999 1
2 1 999 1 1 999 1 1 999 1 1 999
param su:

1 2 3 4 5 6 7 8 9 10 11
1 999 1 999 999 1 999 999 1 999 999 1
2 1 999 1 1 999 1 1 999 1 1 999

Al 3.4 wanstayasing 9 Tuguwuu AMPL Data File

12:=
999

12:=
999

12:=
999
1
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# SETS
param m >= @;
set Machine := 1..m;

param n >= @;
set Processing:= 1..n;

param T> @;
set Horizon := 0..7-1;

# PARAMETERS
param p {Machine, Processing} >=0;
param su {Machine, Processing}, »=0;

param ¢ {Machine, Processing}, »=0;

# VARIABLES
var W{Machine, Processing, Horizon} binary;

var Cmax, »>=0;

#0BJECTIVE FUNCTION
minimize makespan: Cmax;
#CONSTAINTS

subject to completation_time {j in Processing}:
sum{t in Horizon, i in Machine} (t+ su[i,j] + p[i,]j] + c[i,]])*W[i,],t] <= Cmax;

subject to assignment {j in Processing}:
sum{t in Horizon, i in Machine} W[i,j,t] = 1;

subject to limitmachine {i in Machine, t in Horizon}: T
sum{j in Processing,s in max(t - p[i,j] - su[i,]j] - «<[i,7] +1,@)..(E)} W[i,]j,s] <=1;

ATl 3.5 LLﬁﬂﬂ%@yjaﬁiN ﬂiugmmu AMPL Model File

solve;
display W;

Al 3.6 uansdeyasing 9 luguuuu AMPL Run File
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Jeld AMPL File ndasldaulvididiunisénivianas https://neos-server.org/neos/

FILANILUNINN 3.7 wazyineuTunausaly fail

1. 1A Submit a job to NEOS
nihaeazdngnindenldlusunalunsuitagminedlidenvarnvaeguuuuludi
azllUsunsuUIouieuUss AnsnInueIn1IinnIgs
1.1 Global Optimization
- PGAPACK
- PSwarm
1.2 Mixed Integer Linear Programming
- CPLEX Solver
- MINTO Solver
- Gurobi Solver
2. ¥n1s Input Yeyaasty Solver Tuguwuuras AMPL wagiingviinae Web Submission
Form
2.1 Model File T48wluan Model File (#ina . mod)
2.2 Data File ldgwlnan Data File (ana .dat)

2.3 Commands File Ttonluam Run File (@na .run)

3. wasnenlvanlidsing 9 w@Sauaauisansen E-mail address: ieudafoundunazidu
N158uGUIMIe NEOS Server linnifiunisSudoyasausosuasiiie NEOS Server uitaymi

F5audazdemnundunnlivedwmanleamsideuld

4. o NEOS Server wiitlyviadaudy avuans
4.1 Objective Function: makespan

4.2 W [1.%%] (tr): W@nan15uaununewmsasansivinaululmassisian T
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Aaeg1ansulsdoya
WL (tr)
1 2345 6 7 8 91011 12 :=

(@)

co N o0 AW N -~ O
SO O O O O O O o o
O O O O O O O O =
SO O O O O O o o o
O O O O O O O o o
_ O O O O O O o o
OO O O O O O o o o
SO O O O O O O o o
SO O O O O O o o o
O O O O O O O o o
SO O O O O O O o o
O O O O O O o o

SO O O O O O O o o

- Wunmsusuvingliasesdngi 1 i J, lunandalued o

- Wunmsusuringliasesdingi 1 B Js lunandaluedi 8

[ NEOS Server for Optimiz X

< C' | @ Secure | https://neos-server.org/neos/

SERVER

NEOS Server: State-of-the-Art Solvers for Numerical Optimization

The NEOS Server is a free internet-based service for solving numerical optimization problems. Hosted by the Wisconsin Institute for Discovery at the University of Wisconsin in
Madison, the NEOS Server provides access to more than 60 state-of-the-art solvers in more than a dozen optimization categories. Solvers hosted by the University of Wisconsin in
Madison run on distributed high-performance machines enabled by the HTCondor software; remote solvers run on machines at Arizona State University, the University of Klagenfurt in
Austria, and the University of Minho in Portugal.

The NEOS Guide website complements the NEOS Server, showcasing optimization case studies, presenting optimization information and resources, and providing background
information on the NEOS Server.

Latest NEOS News
NEOS Server

« Submit a job to NEOS

« View Job Queue and Job Results
« User's Guide to the NEOS Server
« NEOS Server FAQ

« NEOS Support

Tweets by NeosOpt

AT 3.7 uanantaenisasdeyalivelvi NEOS Server uitan
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Problem Type Solver

Mixed Integer Linear Programming

« Cbc [AMPL Input[ GAMS Input][MPS Input]

* CPLEX [AMPL Input][GAMS Input][LP Input][MPS Input][NL Input]
« feaspump [AMPL Input][CPLEX Input][MPS Inpuf]

« FICO-Xpress [AMPL Input][GAMS Inpufl[MOSEL Input]MPS Input]
= Gurobi [AMPL Input][GAMS Input][LP Input][MPS Input][NL Input]

« MINTO [AMPL Input]

« MOSEK [AMPL Input][GAMS Inpuf][LP Input][MPS Input]

« proxy [CPLEX Inpuf][MPS Input]

« qsopt_ex [AMPL Input][LP Input][MPS Input]

= scip [AMPL Input][ CPLEX Input][GAMS Input][MPS Input][OSIL Input][ZIMPL Inpuf]
« SYMPHONY [MPS Input]

A9 3.9 uananisasnsulalunsuadgmilunsazlunai NEOS Server TAU3N1S



Web Submission Form

Model File
Enter the location of the AMPL medel file (local file)

Choose File | No file chosen

Data File
Enter the location of the AMPL data file (local file)

Choose File | No file chosen

Commands File
Enter the location of the AMPL commands file (local file)

Choose File |No file chosen

Comments

Additional Settings
) Dry run: generate job XML instead of submitting it to NEOS
) Short Prionty: submit to higher priority queue with maximum CPU time of 5 minutes
E-Mail address |

Please do not click the 'Submit to NEOS' button more than once.

Submit to NEOS ‘ Clear this Form

By submitting a job, you have accepted the Terms of Use

AN 3.10 wansnnsswluan AMPL File lu NEOS Server
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L L e

P

SOLVERS

ek sk sk sk stk sk skl steske sk stk sk stk skoskolk stk sk stk skoskosk skekok stk skoskok stokok stokokoskokoskokok stokok siolokokokskokorskok

NEOS Server Version 5.0

Job# :5947185

Password : pdHtPkvq

User :None

Solver : milp:CPLEX:AMPL
Start :2018-03-24 12:24:44
End  :2018-03-24 12:24:49
Host : NEOS HTCondor Pool

Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

sk stk sk stk sk sk sk skosk sk stk sk skt sk ks skok sk stk sk kot sk kol skeoskesk sk sk kot skokok skokeskoskokoskokokoskokosk skokskskokskokok

File exists

You are using the solver cplexamp.

Checking ampl.mod for cplex_options...

Checking ampl.com for cplex options...

Executing AMPL.

processing data.

processing commands.

Executing on prod-exec-4.neos-server.org

1201 variables:

ATl 3.11 uanadmauveIn1suAda Ul NEOS Server tnennsld CPLEX Solution



1200 binary variables
1 linear variable

124 constraints, all linear; 21476 nonzeros
12 equality constraints
112 inequality constraints

1 linear objective; 1 nonzero.

CPLEX 12.7.0.0: threads=4
CPLEX 12.7.0.0: optimal integer solution; objective 48
454 MIP simplex iterations
0 branch-and-bound nodes
No basis.
W [1,%,*] (tr)
1234567891011 12 =
0 010000O0OO0CO0O0O00O

1 00000O0OO0COOOO0O
2 0000000000O0OO0OO0
3000000000000
4 000000O0O0O0CO0O00
500000000O0O00®O0C0O0
6 000000O0OOCOO0O00
7 000000O0O0O0OO0COO
8 000010000000
9 000000000000
100 00000O0O0OO0COO0OO
11 00000 0000O0O6O0
120000000000O0O0
13000000000O0O0O0
14 0000000O0O0OO0OO0O
150000000000O0O0
16 0 000000O0O0OO0OTIO
17000 0000000O0O
180000000O0O0OO0OO0CO
19000000000O0O0O0
200 0000000O0OO0OO0OO
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NEOS Server Version 5.0
Job#  : 6020088

Password : FlaygNkl

User :None

Solver : milp:CPLEX:AMPL
Start :2018-04-28 11:19:55
End :2018-04-28 11:20:51

Host : NEOS HTCondor Pool

Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.
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File exists

You are using the solver cplexamp.

Checking ampl.mod for cplex_options...

Checking ampl.com for cplex_options...

Executing AMPL.

processing data.

processing commands.

Executing on prod-exec-1.neos-server.org

41161 variables:

41160 binary variables



1 linear variable

938 constraints, all linear; 2507480 nonzeros
49 equality constraints
889 inequality constraints

1 linear objective; 1 nonzero.

CPLEX 12.7.0.0: threads=4

CPLEX 12.7.0.0: optimal integer solution; objective 132
10271 MIP simplex iterations

0 branch-and-bound nodes

No basis.

Cmax = 132
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