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ABSTRACT

This work deals with a new method for solving Integer Linear Programming
Problems depending on a previous methods for solving these problems such that Branch
and Bound method and Cutting Planes method where this new method is a combination
between them and we called it Cut and Branch method, The reasons which led to this
combination between Cutting Planes method and Branch and Bound method are to
defeat from the drawbacks of both methods and especially the big number of iterations
and the long time for the solving and getting of a results between the results of these
methods where the Cut and Branch method took the good properties from the both
methods.

And this work deals with solving a one problem of Integer Linear Programming
Problems by Branch and Bound method and Cutting Planes method and the new
method, and we made a programs on the computer for solving ten problems of Integer
Linear Programming Problems by these methods then we got a good results and by that,
the new method (Cut and Branch) became a good method for solving Integer Linear
Programming Problems.

The combination method which we doing in this research opened a big and wide
field in solving Integer Linear Programming Problems and finding the best solutions for
them where we did the combination method again between the new method (Cut and
Branch) and the Cutting Planes method then we got a new method with a very good
results and solutions.

Keywords: Integer Linear Programming, Cutting Plane Method, Cut and Branch
method.
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1daddall L1

Lzaliyl) daayall @Ai sl 4 Integer Programming Problem s all daayll Al
Greall sf adandl Aol apa3 b 238 Auall) daeyll of s Mathematical Programming(MP)
P S Ll e ally (Bale Claaliia ol c¥alaa) 20l (e Tae Bhady Ciyiia B30 (e (sS5 AN
MP: max (min) f (x); xeS c R"
Gagh Al e f 5 (Constraints  Set) asuill deganns cand S degenall of S
13 4l dayll (Feasible Solution) oSadll dalls caws X € S U< (Objective Function)
oalaal) A1l (£ (X)< F(X7)<00) 5 copimaall aall (—o0 < F(X")< (X)) 3an3 X" €S dla gls
byl daayd) Allial (Optimal Solution) JieY) dall es X ol xS U<
dsaydl (e duals Alla oa Linear Programming Problem (LPP) diaall i, dlles
¥ alaall (e daglaia (3883 X Cilyasiall (e degana (955 S g dulad Alls p<s f (X) Al pe dncaly)l)
G B byl 4 sapl) Al e 8 daan all A aapdl Al @lln Tox >0 5 AX=b ikl
Bgaie X Chuiie JS o (gl) N aad) 3 dasniall Cilgatial) (e desane & Z" o)y Z"cR" S
[4] -(Asania 2 @ld 8 o e
& i (IPP) ,laiad wusSs Integer Programming  Problem dassall daa ) allis
DDAl ke ae Alls Aad el o) uSil abial dllis a5 (Ralph E. Gomory) Allall & ¢« 1958
[2] -claalpall (e de gana 23 (Decision variables)
tladg dasnall daayll Alae (e lawlid (le g Glilia asg,
Integer Linear Programming Problem (ILPP) dssall 4.0aa]) daayl) dle —1
Integer Nonlinear Programming Problem (INLPP) dssall 4,133 dasyll dllie -2
caagll Ay dlaaY g dahad g Legin Lo B Gl
:Integer Linear Programming Problem (ILPP) ds.siall duail) daayal) dllese
DLl Chsita s ol paen (09S5 Cmy bt Aaal) Al o daasall didadl) dsa ) Al
tagaal) hal) daeyd) Alis (o glsl D lia 5 cAagaia dad CId (<l Bake
:Pure Integer Programming Problem (PIPP) dilhadll ds s all Auadl) daayll Allie —1
Aagaa Aol @3 LA Cilpiie paes g 0585 ) Al 2
:Mixed Integer Programming Problem (MIPP)akhbiaal) dassall Ludadll daayl Al =2
i e 3 AT sy 5 dauaa dad b LAl Cilyiie s g 06$ A Aleall 2
:Binary Integer Programming Problem (BIPP) islill dxuaall 4dadl) daapll Alle -3
[7] -anls o) Shea dad cld LA o maes g 0055 A Allaall ag

saially cileyidl) Adyla 2
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Jilie Jal daliiie o0ae 405 4 Branch and Bound method (B.B.) akally cule il 445k
Ci3hs 1960 ale o4 Doig 5 Land gpallad) Jd e il dakll 238 ((IPP) daaall daall
lglesssiy gl (530 o abally cilejill ddnh A lsd (1965 alall 3 Dakin allall dhlos,
[6] -Aasnall daayll Allsal Jolall (o Aigacang 5ol degane s

el (5S35 ST gl ylidal) akall e a3 (poall) (e sla diad) 5 cileyinl) dsyhe dpaws
O Lgple Jgamnll 3 4ad ] e 0l s vie Jaany (531 (agiall) 5 535ad) 038 (e (L) 5208
[1] - 38ad) sa

sl cle i) Ak dsajled 2.1

P VIS o dapnall daayl) Allse oS3
Maximize z=c" x
Subject to Ax =b
x>0

X;, Jel, integral

1)

lgaia SX1 e X 5 SXL e C s MxL (D 5 MXS (e LsSie ddgonn A o Cun
1) leAd)
oSl Ayl et daayl) Allie Lol Ao (1) (o3 sUanall Alliaal) o Tad (0¥ Jall) 21 55kal)
i) apes @l 1Y) bl Ao daaall (a5adll) Jog il ellyy Malasia (Simplex  Method)
2 8shall ) Cad) Vg i dawaa ai X, J €
Nie dasaa dad 4l Gl M) uiadl X, €1 cbuaal e sl (Bl cilusiall g54) 2 skadl)
058 Al el Ladl e HLaaY) ) 8 Aoy BaclE g dil) 298 (psSal addey aaly juatie Bakal) el
Dia 058 giad V)5 Dol cprie 058 ol G X Bl chpsid) e ea ST g diad
dpladl) daaydl Allie da e 51 Joaall e T il 5o Sl cald) sl o) iad)
O Lasy 0< F; <1 G Xg = [Xg [+ f; M JCAN e Ll mliies Cum o Xpi o8 4ed (35555
Pl a3 Mxie cdasaa o Ll 0555 o) s X

X aS [XBi] (2)
B
X; Z[XBi]+l 3)

Oiicie dasacall Al dilise (e s Oilliss (9S8 o Jae) (5apaa]) aal) delias) 13 55daal)
2 55kl L Caagll cual sl

odila e IS U (3) il L) e 436Sia (5)aY) Alieally (2) 2l ddlca) e AisSia AV Alliall
coSlans Ayl Laddies Ladl) dnayll Jilese Legil e il
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2 55kl ) el (oS L S0 Caagd) Alls laie 065 )

e Naag saie JS vie ALalS Abadl Ayl Allis o (8 (55 Laa) Al 03g] Bl dlud) dieall
[5] S S 2y S iy daha 5l Yl
rafally cleyitl) ddijh palgs 2.2
afadly clepdil) Al illag)

.J:8 Central Processing Unit (CPU) Jall & Gateall gl (1

50 Jsaall (e Ataall andll cld ol kil (gy) Adjady elldy A5anl Alalusgy dall e Jsanll 2 (2
coSlen Ayl e alaeWh diaY) Jall e Jgeasd) s ) A5all ety ddadl) Ayl dllise Jal
caagl ) Jgeasl) Agaran disyla dbally cule i) danyha (3

pafad) 5 clepdl) ddih Gl

BegiS e daid gy el die Laldg Ly dall & Number of Iterations (NOI) i<l axe (1
Adbidl ge da)ls 58S die (o Joeanll Gos (M dall e llas g s gl b g (2
DS lase 05 of (San daally clesill Ayl A salgall sial) 22 (3
rligioal) adad ddyk 3

daylall a9 lge s o 81 diyh s Cutting Planes method (C.P.) cligivall alad daykha
Ralph E. Alall 3yl (e 1958 ale & i lly dasaall Aoyl Jile Jad Bl Al
.Gomory’s Cutting Planes method 4w Je cuew 35 GOmory

G5 O (M @AY 5 e Allall (plalf) 28 dilia) & ligiesal) plad ARl Al 5,84l
Asgaall adl) ae i) Jad) ae ddadll daayd) Allese

18 aay o dpbhall Aoyl Alliad maaall 52 JAYT dall ¢ JY1 bl Glials 2l 13g]
[6] -xaall 2l 13a (3aad Cagus dba¥) Aliall dasaal) Laall Jolal) < Aull) ¢ 2l

tligioal) adad 4k Ay led 3.1
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t YIS o daanall daal) Al oS3l
Maximize z=c"x
Subject to Ax =b
x>0

X;, Jel, integral

(4)

calgaia SX1 e X 5 SX1 e C s MxL (b 5 MXS (e LisSia ddginn A O Cun
1dzalgAd)
oSl Ayl ladll daayl) Allise el o (4) 3 sUanall Aliaal) o Ta) (A5Y) Jall) 21 5kal)
Gl yaiiall paen il 1Y) Lyl e dsgaal) (a5ll) Jog pl) lld, Slalaia (Simplex  Method)
2 8shall ) Cad) Vg i cdasaia pi X, J €
el 4 (350 (M) Adadll Amayll Al Ja e a1 Jsaadl e haadl il (2@l lasl) 2 sghadll
S o ST Ll pariall Glld dad 4 5S8 (GA) ladd) aodinl) b dssaa i AeB 13 Xy ol
cbgiaal) adad a8 g 8 aleg (Ul Bjatue) ciglly bl e Jls e ae by Loy
i blaag T haull sa sl ) O sl (b gisall akd 2 alg) 13 gehadl)

Xei + D a;X; =b , jel ol

i

Xgi +Z([a’ij]+ fij)xj :[bi]+ fi
Xgi +Z[aij]xj —[b]=f, _Z fix; <0
aall 2l

fi= 2 fyx +6=0 ()

)

0< fij <1 aij 1 L_g‘),uﬁ\ ;:);J\}A fij :aij_[aij] WITEN

b, 1Sl all 8 f,=h —[b] s 0<f <1

aeay (See s daie e O
Alas Ll Ao Jally aly (e€liaw iyl Ja e Y1 Joaall (5) 2l ddlials o8 (i) d3la)) 14 55ladl)
2 Bshall ) a3l Yy ccagns) Alladlld dama Xj, j el cbuiall pes cal€ 13 cdudaal) daal
rCligiall adad diyh Galgd 3.2
rlgiaal) adad Ayl cilusla)
-8 NOI @yl axe (1
Aladll daapd) Allie dal a1 Jand) e Leahiind (Kar ) alalill ddaliags Jad) e Jouand) iy (2
coShien diph e alaeYh B Jal) e Jganl) i ) dal) dilaie alad o Cas
rligioal) adad 4l bl
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ES CPU Jall & (Bpandll il (1

GsSs @lling 5egil) s alalgil) aal dall el s Gl dall (e duans ¥ gLl aans 4 (2
3¢l ) Jymsll disaan e Dliginall pdad dayla

IS S o oSen Clginnall adad Al b Bl gall gl 22e (3

((Baaall) gokilly adadl) ddiyh .4

icsana Ja 8 las daalidam o Cut and Branch method (C.B.) gl 5 atadll 4k
S gy aski Cigag - J5eY) Jall ) Jpuagll Al Jiss a5 dasancall daapll Qi (e dadly
Aaal) sda gla
Pz ae ST dsaal @3 G585 Gl Bacly Ay ekl Bainn gilly el Ayl daa) lss daliss
cagalall de
0S5 Ally gdilly atadl) Ayl ddalusgy Lgla ((Sas daaiall sl daasll Jilise o S 220
i g (ally cileyill Aaiyhy Gbigioall adad ddk (o Lo SHll) (e Jancally 455500 Lgina) )l
Assaal) daapdl) Al o o Jonanll Bbadl) daayl) Jilse (g (Laslia) dludis o b gl
LS (A Aage dogh danh ek Y Gild) Jealll 8 lgapiasi a3 ) Glbigiaa) a kil 42k
U Jyagll Ailacag deju FS1 (6 A Saally cile il dinl 8 LS JiaY) dall ) a5 Y Ly ol
sl 2gally clesinll Aok Aoy Giledl (o Jumdl Cligisa) o Ak e Wila A J58Y) ()
gtlly adadll dasylay Lo lisacs
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P VIS o dasnall daayl) Al oS3
Maximize z=c"x
Subject to Ax =b
x>0

X;, Jel, integral

(6)

calgaia SX1 e X 5 SX1 e C s MXL (b 5 MXS (e LisSia ddgann A O Cun

1dza) )

Lyl bl Aaapll Allis Ll (e (6) (8 8Lnaall Allasall Jas T (s Jall) 21 59 el
e cilS 1) L ahasial e daaaall (252all) dag il @iy Salasa (Simplex Method) (Sl
2 5shall Y ol Vs g ddanmn ad Ll X, JE | Syl

el 4 5Ss (s3 Apladl) dsapal) Allss s 0o 0oV Jgaal) e Slandl sl (sl lasl) 12 selaal)
S ghn ST gl yuniall Gl e 4 (35S () Llandl padinl ) b daaa e dad 13 Xy salad)
cligiall adad a8 2lgh K8 diag (Ul il ciglly bl sae Juli e selan L)

ton aililaag B Jhadl g Hudd) Sladdl o Gl (bsiveall kil a8 alg ) 13 soladl
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Xgi+ D X =b , jel o
i

Xgi +Z([aij]+ fij)Xj :[bi]-i- fi
i
] j

sl 2l
fi=2 fyx +6=0 (7)
]

0<f;<l a; 1 @l el 0 f =38, —[a;] <
bl oSl sall s f=b —[b] s 0<f <1

aeay (Sae wia dade yiie O
dnayd) Aladd GSliass Ayl s e 5281 Joaall () (7) 2l 33l o3 (2l d8la) ) 14 55ladl)
reul€ 13 cdudadll dna ) Al el o Lelag dulasl)
c 2 )l Vs gl Al b Aian dasmia a3 X, JE | @) -1
3 A cad Wy .2 sshadl) ) ol daina ye ad cld X, JET e -2
gl dally cilejil) Al aladial fal @iy dama dad 4l X, JE | chund) g aaly e -3
5 gkl ) cadl gl maal) s sl
i 3y X, J €1 e Ammall e Al 15 juand) i) (gl juand) jLadl) :5 seladl)
LS g ST Al gally gkl 25 (il

suaall sa el o Gl Dia 43ed ()5S Vg bl Daxie 005 oF o sl X siiall
fm X = [Xg [ oS s X a8 0S5 Gl ik dal SR Y) Jsaall o Tl

[GENT ¢

tla) Bhag o) aed dasaa dad X i) O e 0< i <1

X; < [Xg] (8)
B

X; 2[Xg]+1 9)

sohaall 8 Abiciall 35l daanall daaydl Jilse (e Ofinas Gillae (5 (Baaal) 538a)) Laas) 16 S5kl
Ol (e S g (9) il Alia] (e disSia (5] Alliaally (8) i) A8lia] (1o disSia s2aly s .5
coSlaans iyl ladiuly bl syl Jilue Lagl e ol

O 2aly ol Lpgiia Bake (1555 Lo B Bolodll 8 A3Siall Mall (g Baie JS (Aagiiall Bakall j5al) 17 Soladl)
L X, J €1 cibutnd) 38 (Ll (oan da L sl 822 o3y Al Allsal) oYl eda¥) oY
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(10)

clgaie SXT e X 5 SX1 e C s ML e D 5 MXS (e Aigia ddghmn A G Cus
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a5 (Sae 2aa Jaie j3ie
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(1) Jgxad

dBranch and Boun

sCutting Plane

WN

E

INO

UcP
)(sec

INO

)CPU (sec

INO

CPU (sec)

Q1

Max Z =5x; + 2X,
Subject to

5%, +4x, <21
X, Xo 20, integers

40.2

60.2

60 . 4

Q2

MaxZ =10x; + X,
Subject to

2% +5x, <11
X1, X9 20, integers

20.2

80.3

90 .2

Q3

MaxZ =4x; +3x,
Subiject
3% +2x, <18

X1, X9 20, integers

t

0

10.1

2.30

00 .2

Q4

Max Z =120x, +80x,

Subject to

2% +X, <6

7%, +8x, <28
X1, X =0, integers

30.3

00.9

00 .7

Q5

Max Z =5x; +8X,
Subject to

X+ Xy <6

5% +9x, <45
X, X9 =0, integers

70.3

70.8

50.6

Q6

Max Z =3%; + X,
Subject to

X +2X,<8

3x; —4x, <12
X, Xo 20, integers

90.4

31.0

40 .7

Q7

Max Z = 4x, +3X,
Subject to

2% +X%, <11

—X +2X, <6
X, Xo 20, integers

10.3

80.9

70 .7

Q8

Max Z =6x, +7X,
Subject to

X +2X, <8

X — Xy <4

2%, +2X, <5

X, Xo 20, integers

20.7

71.0

40 . 8
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Max Z = X; +9X, + X3
Subject to

X +2Xy +3X3 <9

3%y + 2%, +2%3 <15
Xq, X9, X3 2 0, integers

Q9

5 80.3 2 50.8 3 60 .5

Max Z = 2x; + X, —3Xg
Subject to

X +2Xy —%X3 <5

—Xg + Xy +3X3 < -2

Xy, X9, X3 2 0, integers

Q10

2 10.3 1 60.6 1 90 . 4

Total

75 83.4 | 62 87.6 | 33 05.7

Performance percentage of improving the new algorithm compared with the two other

standards
Tools NEW Bl Ehe Cutting Planes
Bound
NOI 100% 172.72% 78.79%
CPU 100% 61.05% 134.73%

r il akadl) dinyla liaa (e 25 1 ciliaall (3Ea3 a3l il ghall Luill Jgon (e

Tyl SIS 2 Byl S e Tyl S e
Gl gical) plad g yilly ol < Sially il il
NOI of Cutting = NOlofCutand ~—— NOI of Cutting
Planes Branch and Bound
dagylal (3 aial) i) G yisall ) dagyhal (3 paicadl i)l
Clsineal) ol gy adadll 43l dially cile yill
CPU of Cutting — CPUofCutand ~—— CPU of Cutting and
Planes Branch Bound
Al Jand) 5.2

OSaall (b ¢ Jumdl il 3 246 Ayl e Jyuanll idnyde (S5 Ka 430 gt Jaa) 138 (g

Bra danyll o3 Cum 4.2 5adl) 8 Llaa LS 8pa cpa AST dially cile il Adiylag lginal) adad 4yl Lo
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