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Abstract

Integer programming can be applied in numerous business situations.
however, integer programming problems are generally more complex and time
consuming to solve than linear programming problems.
The aim of this research focuses upon the importance using spreadsheet software
package in solving the different models of integer linear programming, this
spreadsheet is simplifying in defeating the difficulty opposite to researchers and
graduate students who have competence and interest in operations research scopes. In
this research we identification four basis of integer programming :pure integer
programming model, mixed integer programming model, binary integer programming
model and mixed binary integer programming model. After that we take case study
for each model and formulate the mathematical model for each case study and so find
the optimal integer solution for each case study by using (solver tool) in excel
program by presenting different solver windows.
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e, $150 ot i egd ZLOY) &y Akl A ASle JS o) 58 o) WS ¢ § 100 ))siay de sl # L Y

(1) s, V) Jsaadle () Anlusa s a sl AL Al pally 323me La gl Ly sl aakind 0 (Al
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(Taylor 2006).
Aal) aaall dae ) 23 gal (1) dand ol A by (1) Jsea

machine | Required space ft” | Purchase price
Press 15 8000
Lathe 30 4000

(Bernard W. Taylor” Introduction to management science”, Ninth Edition Virginia jaa 4l
Polytechnic Institute and State University.publisher:Prentice Hall 2006).
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Maximize or Minimize Z—= Z c;X;

j=1
Subject to:
3 a,x,<,=,2b, i=1,2,.....,m
=y y J
Xj>0 & integer i=1,2,.....,n
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L b cSaall el filSa 22e=X;
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Y5 JUA Al 3l Aspal) AUS (Say ()
MaximizeZ = 100X, + 150X,

St
I5X,+ 30X, < 200
8000X,+ 4000X, < 40000
X, X, > 0 & integer

Solution of integer programming models by using excel program
b Jid (a

g sthaall Al ) dapall A4S (b

Cangdl 38 Gy (c

A &yt yaas (d
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( Andrew J.Mason 2007 ) . z3sall Ja (g

ablal) JB (a)
Sl S e Baal gl Bas gl )y (e (5383 (C5,BS) WIAD o daadls (1) Jal Pl e
3 sial) LDAY) a5y i e alsl o) e (g a3 (C4,B4) LAY ¢ Il e
target <oagll L) ey (AU 2 )l) Cargd) Ay dad e (5 5ia3 D5 4da)) Law o changing cells
LA 8 e o gl il L. Jal aay Cangdl Alla dad e g a3 3 48D sy ( cell
2 ra o S o wb il @bl o input cells JASY) W) s s (C9:B9,C8:BS)
L il LIS e 5 5(D9:DB)LIAY 3 (e uaV) il 358 (e oilill 5 . (FO:F8)LOAY

A B c D E[ F -(output cells) zI_AY)

Pure Integer

1

2

3 ProductType Xl1Press X2Lathe  Total Profit
4 | No.of machine |

ﬂ Profit per mmit($) 100 150 |

6
7 |Constiiants LHS RHS
8 | Space Constriant 15 30 = 100

40000

9 |Budget Constiiant  S000 4000
alilal Jiy (1) J8&

ald) dael/ juaal
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Lgthal) dudl b sl 4 (b
o o D5 Al dbicid) Cagl alla dad z) jatuY dualy ) digea dad Chges 5 shall o8
e Lgl cilia o XT3aa) 5l ALl (o) dass g pime X1 g 53 e 8l _jiliall (A8l 22e) e 3 ke
e Ju S i gy A b da g X2 saal ol Sl () )Aaily Aoy pae X2 & 58 (g 81l (IS4
a5 LS. D5=sumproduct(B4:C4,B5:C5) ) ¢ sumproduct i Jozii Pla

A B [ D E F (2 ) dS.;IJLa
1 Pure Integer
2
3 ProductType XN1Press X2Lathe Total Profit
4 | No.of maclime
ﬂ Profit per umit($) 100 150 | =Sumpr0duct(B4:C4,B5:
8 /
7 |Constriants LHS RHS
8 | Space Constiiant 15 30 = 100
r = 40000

5 |Budget Constriant 3000 W / =
=Sumproduct(B8:8,$B$4:5C$4)

= Sumnroduct(R9: (9 SRK4:8C'$4)
Al ) Al Aas (2) 08
Gald) 31 [ uaal Cisgd) 408 aiaai (€
alaa Jdais Solver 813Y) o5& Cua(optimization) dubieY) o d il a3 gladll o3a
f VSl 73 saill il
— »i5all jedars Solver parameter 33U elsi . Tools 4l (4 solver 3laY) jlias
DAY shadl Gada b 2y L ((3) SN b i e LS (set target cell)! Julsisd)

Ciagd) Ao A ian ) Aslaad) o g giad 4080 038 g (Jadh anl g A )05 Chagl A2 A ]
(6) oyl gl dila) B el Lpmay AL LAY (o pual dagall o34 203 sumproduct 4l
G (e dralal) bl pant Leild Cangl) alla dad 21 a5l Ja) e sumproduct(B4:C4,B5:C5) o)
e Gl SIS S ) any Al oda L 2 JSA 8 primge WS CA*CS e il g B4*BS
J—<I (LHS ¥} cahall) antiiviall o) sall dad alad) ) (32a2¥) 220 (5 gbuny Cashiall dae)ds jall s
Q2 S b e se WS (RHS (o) ol liall 3 sall Gad (o5 ) 081 0585 o) oy il 5 28
Gl cudil § Adle axiiud « $C$4,$BS4 LAN 6 LS $ Adle e (s 5iad 25 drpa o) B
O LAY 03¢l § Adle A are s a5 ¢ D9 ) ) D8 4lal dipes plucinl Al 3 LDAD o2a
Ja Wmpa Sgldam m ;¢ oy D94 Al I D8 A il sle wuld e
Wle gy vie AW . damia Ao aad dapall o285 D9 =sumproduct(B5:C5,B9:C9) V!
Andrew ) jaa—all. D9=sumproduct($B$4:$C$4,B9:C9): N Il D9 il dapa o 5§
of J.Mason “ Solving linear programs using Microsoft excel solver” university
(Auckland 2007
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set target Adall I L yie Jpady 13gs D5 Aulalle Congll A3 daii Ly el 0 Aa) e jiw >

(3)dsa & a e WS cell
o a1 Lad Jhall z3sedl Gioa Al e adiag 135 Min J) Max Ll cisgd s s >
e L A 8 e uleadl o3 Y Enter 2l Jlo bl dlead) 038 s s L A

FE ek E uew mwet Fomst Dos Qe wndow teb Typeaquestionforhelp  « o @ X -
B
i | Al A B LAlSid) Ja Solver
| - | 3 NN )
A R4 R N R O N O ol = (SR ) |
D5 - A
A [ 8 [ ¢ | D (=R [AECT e [ o
1| Pure Integer
2 |
3| ProductType  X1Press X2Lathe  Total Profit
| 4| No.of machine
|5 | Profitperunit$) 100 150
| & Solver Parameters
| 7 |Constriants =
[ space Constriant 15 30 [ e el [
9 |Budget Constriant 000 4000 EudTe  @mex Omn  Ovskeof: |0 7
1]
12 Subject ta the Constraints:
& ubject to the Constraints:
1
_12 Change
| 16 Reset Al
i
-_de\p v

R » '\ pure { Sheet? / Sheetd / |
cisgll Ll 3aa (3) s
ald) Al [ jaadl
Changing Cell (5 y3ial) LMAY) ) 8 & pite waas (d
S i€ Capei X2 e S5 X1 e Ll conl sl GilSal aae (1) iyl AUSD 3
R 'sjk_iﬂ\ eii:\.u_] . ('5‘)_“\5.'.'\.«\5\ QM\) — (s u:\“ ¢ (C4B4) (VN GA:LMA.A 0o 6:\3\ ¢ ) )8
C4:B4 mk & Solver parameter 33Ul 4535 54ll (By changing cell) 4dall 8 alaal 554l
.(4) J8&) A =a g0 LS By changing cell 4al)

A | 8 | ¢ | D | E DG ¢ | W | 1 | 4 | F
| 1] Pure Integer 1
| 2|
| 3| ProductType X1Press X2Lathe Total Profit
| 4 | No.of machine
| 5 | Profitper mit(®) 100 150 il
E 2 Solver Parameters E{ ‘ ‘
7 |Constriants = - 2 )" ;::. A
Bl L) T ) y=aa)e
| 8 | Space Constriant 15 30 Ll setilehget celi |4md5 - -
9 |Budget Conshiant 3000 4000 EqudTo:  @max Omia O idee i 3
et Consion o 2 BB
11| ]
12 ke
i_a‘_ Subject to the Constraints:
i
15

Change

e ‘ e
i
1 . .
1+ » nhpure {Sheet? £ Sheeta /

B sial) LOAY aaas (4) Js&

cald) dae) /jaadl Zlsall 2ol 8L (e
e a8 Al Tag c4pae) dne yul) ol ) 73 gail) 358 aren ALl o g 5 ghadll b0
A8y Gl shadll PR (e (C4:B4) g el 4080 Jieall 5 d02ell 38a5 5 4Ll
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. Add constraint s3Ull jeliis Add lall s Solver parameter 528Ul (o 3>

e (5585 Lay i Al LAY aal je (Cell Reference ) 4081h audai Add constraint 33U (e >
aill 238 Apae a3y 5 Bl iy 5 ( $C$4:$BS4) Al <l pkie o Jia Al Aa) Aol Tas
Jikine ol 55l integeri oISl s ela Jaadls a8l (int) sy clulid ) s ) cal
L5l 46 Bl=Y Add o) e i b (5 )JSE & mase LS constraint

Cell ) el ally asda i L) G sl 385 Aalioal) 2 Al 23 gl 08 Ay ALY 5
Db cluliad) BlA e clld 22y (SD$9:$DS8 ) Add constraint 338Uk 32 5a sal) ( Reference
I SF$9:$F$8 LBal) s 33l (judi 33 52 sall constraint Julaivall (4 aulai o <=) dulad)
(6)JSE) i s LS 5 puaiiall 3 pall oS o (5 gins

A B C ] E F
Pure Integer

1

2

3 ProductType N1Press XlLathe  Total Profit
4 | No.of machine

5 | Profit per umt($) 100 150 o (INE |

: of1t per wm // LAA.\.\A.I” -\\ )AS\ - ‘

7 |Constiiants LHS S -
Agaadly

8 aa_=ll 4 alaadl

0

g | Space Constiiant 15 30 <= | 200
9 |Budget Constizant 8000 4000 <=
10

Cell Reference:

$E54 T

Al gdad LA

]

[ Cancel ]

258 Jliy (5)Jss

dald) el /jsadl
Cell ) @L&Mqh\m«ﬂuw» Al aall 28 daliall i ARl 73 gaill 068 48y A8LY >
Db cluliad) BlA e lld 22y (SD$9:$DS8 ) Add constraint 338Uk 32 5a sal) ( Reference
I $F$9:SF$8 LDlall glai 528Ul pudiy 33 9 sall cOnstraint Jukaiuall 3 ankai o <=) Anlial)
(6)JE A miage LS 3 juadiall 3 gall DS e (g giad

A [ B | [ D E [ F |

1 Fure Integer
2
' 3 |  ProductType X1Press X2Lathe Total Profit
4 | No.of machine
| 5 | Profit per umit($) 100 150
B
| 7 |Constriants LHS RHS
| 8 | Space Constiiant 15 30 = 200
| 9 |Budget Constriant S000 4000 == 40000
% Add Constraint
E Cell Reference: Constraink:
% $0$5: $0%9 <= | |$F$EisFe
% [ [a]4 ] [ Cancel ] [ Add ] [ Help ]

17

Jia Jlas) (6) Jsé
ald)l dael /jsaal
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Add 3385 3 35 sl 0k 30 o Jakas Al 5 shaalls ABad) 5 a8 A1 JAs) Gl JWeS) s
(7)J& A zuase LS Solver parameter 38U el constraint

) | B | [ | 5] [ E [ F |
Pure Integer
ProductType Nl1lPress N2Lathe  Total Profit
INo.of machine E ”””””””””””” H

Solver Parameters

Set Target Cell: $D$s Salve

Equal To: &) Max 0 Min ) Malue of: a Close
Ew Changing Cells:

11| | [seesced
12 Subject ta the Constraints:

(0|~ | @M WM =

14 03815039 <= $F$5:$FF9

15

16 Reset all
:
M 4 L

solver parameter 33U (7) Jsd

dald) Aol [ jaaall

.

z  gall) dudad Lt f
33 g saill Bakat Jal (a5 il Aoy zasal s AL ol )l 3 sadl) ) L
1Y Assume linear model JLall S (e 73 saill Zodad o jat dania
LS Solver option 33U edai Solver parameter 58l 8 3 sa sl Option [ i >
(8) 84 b pase
Assume Non- ,Lall 5 . Assume linear model Ll Jlss Solver Option 53l e >
.ok 3l ks (Negative

Folver Options ﬂ
Precision: 0,000001 Load Model. ..
Tolerance: =1 e Sawe Model. ..
Assume Linear Model [ use automatic Scaling
[“liassume Mon-Megative [1 showw Ikeration Resulks
Estimates Derivatives Search

() Tangent (*) Farward (%) Mewkan
7 Suadratic ) Cenkral ) Conjugate

7 doadl) Al aaad (8) 8
Gall) das / jaaall
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8 aa_=ll 4 alaadl

0

zisad) da (g
Sl v el e Jgemally 3l da QYL Y1 el ¢ Aalal &l cililaad JWS) 2
sl a ¢« 53 3 e Solve parameter 338U elsi ok 3 e Ll s Assume linear model
- (9) JS&) b 7 se LS Solver Results 33U el ) 55 davias 3a Solve 3l e Jaiemi 33500

Solver Results X
Solver Found a solution. Al constraints and optimality
conditions are satisfied, Reports
Answer
(*)ikeep Solver Solution: Sensitivity
Lirnit=s

() Restore Original Values

[ O, ] [ Zancel ] [ Save Scenatio. .. ] [ Help

gisad ga (9)Jse

ald) Nl /juaal

4,5 b daY) dally Liias Cose Lills Keep Solve Solution Js¥) jbadl U sl 13 ¢( 9) JSa o
aill Ao Jiass Luils Restore Original Values jball U jial 13 Wl L (10) JSa) 4 i ge WS, Jus)
() 5 i Lallay 3 AV

Sl 50 XT1=1 )lgd s aal sl Gulsall s (ol (10) 80 b cynall Y1 gasadl Jall DA e
(10008) 58 Adaal) 038 (o (giniall S ey e (X226 Lo & cun) sl Al

@_] File Edit Miew Insert Formab  Tools Data  Window  Help

! Times Mew Roman - 12 vi[ u §§ﬂ| A | & _,Jluﬁ_ijj

O = WERE NS AW s W e e A M RN S - i v 0 o5
il 4 N RO PR R A i S
D5 - A& =SUMPRODUCT(B4:C4 B5:CE)

A | B [ ¢C D E] F |
4 | Pure Integer
=
3 | ProductType X1Press X2Lathe  Total Profit
| 4 | No.of machine | 1 6
| 5 | Profit per umit($) 100 130 | 1000
5
7 |Constiiants LHS RHS
8 | Space Conshiant 15 30 195 = 200
9 |Budget Constriant 8000 4000 32000 == 40000
10

JiY) gasd) Jad) 43,4 (10) JS&
dald) dae)/ jaadl
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(Mixed Integer Programming) Jabidal) Laml) daa ) 723 gadl (2) doud o Al *
(1)g srballidilisg i & & o jlaiind 3 3 ¢ $250000 o ot S glie Slliag jaiices

Jsmaall ayy peisal) dlae i ¢) 33 (3)g 5 el ¢ oual ) 6l 3 (2)g sl (AS jidia cilSLa ) i
AS i e A Sle JS ALY e ALalS A s e 2 EDE) o jlial 3 (e (Sae Ble S e
$12000 ¥ e acre' JS) JS A chin 5550 2aleay 2 13 $9000 o jlsia Sl axi s $50000
o )dia Nle any s $8000 e diws IS AdS Banl 5 Lins y 5 o 22y dny 2313 $1500 o ok Bl sy
Gl Sl d oo 558 o) i gl il Gl Gl ddlial. saal g Al 555 2a 4xy &3 13 $1000
yasil (MIP)habisa Lyasl) daa ) zigal ol quathaall. lae 310 20 5 V) (e S 15 ¢3S jiie
(Bernard W. Taylor” jua—al .A—iSedll 7l ) do) g8ay o) ADEY an Liall (e g 58 JS 2

Introduction to management science”, Ninth Edition Virginia Polytechnic Institute
and State University.publisher:Prentice Hall 2006)

JuS) gali g b 725wl 138 Ja gl o) Lale dabidall Apanall Ayl 3 sa Jay Alpual
b il kil 5 Fpanal) el yaad 8 38 cllia lacla (4) 5l 8 Aaiial) il ghadll (i
CJal @ sha o s Solver 81U Ak Mgl U5 LYY S el

Llidal) dasmdl daca ) 23 gadl dalad) 4paly ) ddpal) Qi<i Aad)

n
Maximize or Minimize Z= Z C;X;

j=1
Subject to:
Zaijxjg,=,2 bi 1=1,2,.....m
j=1
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AUall Azaly ) Hapeal) 3 Koy
Max Z=9000X;+1500X,+1000X;
S.T:

5000X,+12000X,+8000X; < 250000

X <4
X <15
X; <20
X1, X32> Oand int eger
X2>0
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I Mixed Integer I

Xl X2 X3

Decision Var. | | | Tatal
Objective Max 9000 1500 1000 | 0 e
LHS RHS Caagll Al dagd
Const.1 5000 12000 8000 “= 250000
Const.2 1 o 4 ES=sumproduct(B4
Const.3 <= 15 :D4,B5:D5)
Const.3 0 = 10
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ald) el /juaal
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|12 ] Subject bo the Constraints: %

13 T i 1
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% Solver, Parameters
? Set Target Cell: =8
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o] | o
| $044 = integer
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- E=EE
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LaS 73 gail) il el Al ae 5 73 5a) Ayl yaail Option
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A | B | ¢ | b _[WEews F | G |
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1 4 ;
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By Changing Cells:
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Subject to the Constraints:
51 - e )
251 = e T
$04$4 = integer _
$E$7:$E$10 <= $o47:4G410
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Solver Results Lj

Sokver Found a solution, All constraints and optimality
conditions are satisfied. Reports

JJY\ ‘)L:\ﬂ\ RN
JusI 35

Bnswer
Sensitivity
Lirniks

() Restore Original Yalues

[ QK ] [ Cancel ] [ Save SCenario.,. ] [ Help

Jall @l LA 538U (16)Jsa
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3 Xl X2 3
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(Bernard W. Taylor” Introduction to management science”, Ninth Edition Virginia
Polytechnic Institute and State University.publisher:Prentice Hall 2006)
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(Bernard W. Taylor” Introduction to management science”, Ninth : ua—al.
Edition Virginia Polytechnic Institute and State University.publisher:Prentice Hall

2006)
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Maximize or Minimize Z= Z C;X;

j=1
Subject to:
Zaijxjg,z,z b’_ i=1,2,.....,m
j=1
X=0or 1 j=1,2,.....,n

b JSAL ()5S Al Ayl )l drgeal
Max Z=300X1+90X2+400X3+150X4
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(3) 28l ellginall 2 ) 5all 408
sumproduct(B10:E10,$B$5:$E$5)
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Equal To: *iMax (O Min (3 Walue of: 0
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Subject to the Constrainks: $B$5$E$5
$B$5:$E$5 = binary A Add
$FERISFEL0 <= $HESFHELD — G yartia Al aaail
e e
..
(150)

sl 5 B OS5 ) g a5l Aad
JJ#‘JS,“. S\L\‘.“Jd#‘mu‘ﬂ(lg)dﬁ LAA—.\A-\A\QLN(}A&M\J)PJ\
ald)l dael/ juaal




42012 / Gl

L& OF ANBR

dyyladly Galaisyl aglell jLodl desla dlas

Solver Options @

Conyergence: 0.0001

Assume Linear Mode
Assume Mor-Megative

seconds 0

Mazx Time: 100
Ikerations: 10a
Precisian: 0.000001
Tolerance: 5

Cancel
Load Model. ..

Yo Save Model..,

Dgse.ﬁ. ! i

] show Tteration Resuls

Estimakes Detivatives Search
{E} Tangenkt {E} Forward {E} Mewkon
() Quadratic " Cenkral ) Conjugate

l
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dald) el /jsadl

Solver Parameters

Sek Target Cell: 5=

Equal To: @iMax O Min O Value of: a

By Changing Cells:
$E£5:$E45

Subiject to the Constrainks:

Solver Results

Solve

S

Solver found & solution, Al constraipk€ and optimality
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Jall LY oY) LAY sass
Juus) dB g A JiaY)

conditions are satisfied, Reparts
$B45:4E45 = binary Answer
$F$5:$F$10 <= $HES:$H$L0 : Sensitivity
() Reskore Crigingl Yalues Lmes
[ QF ] [ Cancel ] [ Save SCenario, .. ] [ Help
7isall da (21)J84
Galdl i) / jaaal
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1 | Binary Integer |
2 I i
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EN X1 X2 X3 X4
| 5 | Decision Var. 1 || 0 ll 1 0 Tuotal
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7 LHS RHS
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ER Const.2 4 2 7 3 11 == 12
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3 2 1 &JUAS‘
450 390 405 ($1000)3 sind 355 A4S
12.8 10.5 112 | (oh1000)a8 sl (5 sindl Sasl)

(John A. Lawrence & others “ Applied management science “ john wiley &
sons,Inc.1998 )
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(John A. Lawrence & others “ Applied management science “ john wiley &
sons,Inc.1998 )

b JS5a JS ) de e JS (e anl g ohall Jai) 4SS (5)Jgan

(John A. Lawrence & others “ Applied management science “ john wiley &
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i vad) sl 513 1
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7=1,2,....n
Min) Y C,X, + Y FiYi
i=I j=I i=1
S.T: Z,:X” =d,
DX, -Yi()d,)<0
j=1 j=1
X; 20 i=1,2,..,m j=12,.,n
Yi=0orl
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j sl Vi ad Ge dd =Xy
1 veadl 43l 48 =fj
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Minimize Z = 18x;A + 15x;5 +13x;4 + 10x3p + 16X34 +
14x;5 + 405y + 390y, + 450v;
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IS At il i) sbemal) 48l (g bt ) g s S0 JS (M de e IS (e Al i) el 258

X1A T XiB - 11-2Y1 <0
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X1A T Xo4 T X34 =12
xip + Xzp + X35 = 10

xij > 0 yi=0orl

Solver 133U &5¥1 3 il A (e i) goaadl Jall aai eodlel ALl Gacaly ) deball JLS) sa
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L2 = b
o | XIA XIB X24 X2B X34 X3B YI Y2 Y3
2 |Decision Var. TOTAL| 1
3 MinZ = 18 15 13 10 16 14 405 390 450
4 |Constriants LHS  SIGN  RHS
B 1 1 112 < ]
B | 1 1 -105 < 0
e I | 1 128 s 0
8 | 1 1 1 12
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2 |Decision Var., TOTAL] 0O
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4| Constriants LHS SIGN  RHS hagll A2 dad
5 11 112 I~ < 1 ~SUMPRODUCT(B
3 11 105 ﬂ < 0 2:12.B3:13)
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Assume Linear Model
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Solver Results
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