FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM / ANABILIM
DALI ADI

Matematik

DERSIN ADI

Lineer Programlama

DERSIN KODU

MAT2131

YEREL KREDISi

3

AKTS KREDISi

5

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Secmeli @Matematik Lisans Programi

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Fatma TIRYAKI

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin mithendislik ve uygulamali bilimlerde karsilagilan karar
verme problemlerini analiz edebilme, bu problemlere iliskin uygun matematiksel
modelleri kurabilme ve s6z konusu modellerin ¢6ziimiinde kullanilan temel lineer
programlama ydntemlerini kavrayarak etkin bir sekilde uygulayabilme becerisi
kazanmalarina yardimci olmaktir.

DERSIN iCERiGi

Lineer programlama probleminin tanimlanmasi; lineer programlamanin uygulama
ornekleri; lineer programlamanin temel kavramlart; iki degiskenli lineer programlama
problemlerinin grafik ¢6ziimii; simpleks yontemin teorisi; simpleks yOntemin
uygulanmasi; yapma degiskenler teknigi; lineer programlamada goriilen 6zel
durumlar: siirsiz amag fonksiyonu, isaret kisitlamasi olmayan degiskenler, alternatif
optimal ¢6ziimler ve sinirli degiskenler; dual problem; simpleks tabloda optimal dual
¢ozlim; primal-dual Ozellikler; dual-simpleks algoritma; tagima problemi; tagima
problemine baslangic ¢6ziimii bulunmasi; atlama tasr yontemi; tasima probleminin
optimal ve alternatif ¢6ziimii; atama problemi.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabi:

Sharma, J. K. Operations Research Theory and Application. 6. baski , Laxmi
Publications, 2016.

Zorunlu Kaynaklar:

[1] Axler, Sheldon. Linear Algebra Done Right. 4. baski, Springer Nature, 2024.

[2] Landi, Giovanni, Alessandro Zampini. Linear Algebra and Analytic Geometry

for Physical Sciences. Springer, 2018.
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Onerilen Kaynaklar:

Ahlatcioglu, Mehmet, Tiryaki, Fatma. Kantitatif Karar Verme Teknikleri. YTU
Yayinlari, 1998.

Hillier, Frederick S., Gerald Lieberman J. Introduction to Operations Research. 12.

baski, (ISE), McGraw-Hill, 2024.

Sezginman, ibrahim. Lineer Programlama Teori ve Problemleri. YTU Yaynlari,

1993.
Taha, Hamdy A. Operations Research: An Introduction. 10. baski, Pearson
Education Limited, 2017.

Timor, Mehpare. Yoneylem arastirmasi. 2. baski, Tirkmen Kitabevi, 2020.
Bu dersi basartyla tamamlayan 6grenciler,

1. Uygun lineer programlama tekniklerini kullanarak gercek yasam ve
miihendislik problemlerini modelleyebileceklerdir

iki degiskenli lineer programlama problemlerini grafik yontemi ile ¢dziimii,
¢Ozlim uzay1, kose noktalar1 ve optimal degeri analiz edebileceklerdir.

Simpleks yontemi ve ilgili teorik altyapisini ve bu yontemle ¢esitli lineer
programlama problemlerinin sistematik, dogru bi¢imde ¢ziimiini

Ders Ogrenim Ciktilar: kullanabileceklerdir.

Lineer programlamada karsilagilan 6zel durumlart ve uygun ¢oziim
stratejilerini analiz edebileceklerdir.

Dual problem kavrami ile primal-dual iliskileri kuramsal ve hesaplamali
diizeyde dual-simpleks yontemiyle ¢dziime ulastirabileceklerdir.

Tasima ve atama problemleri gibi 6zel yapidaki lineer programlama
uygulamalarin1 modellenmesini, baglangi¢ ¢oziimleri ve optimal sonuglari
ifade edebileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Payr

| Devam/Katilm H H

| Laboratuvar H H

‘ Uygulama H H

‘ Arazi Calismasi H H

‘ Derse Ozgii Staj H H

Kisa Smavlar/Stiidyo Kritigi (Zorunlu):
e igerik: Smav haftasina kadar islenen konularmn tiimiinii kapsayan kapsamli
sorularin sorulmasi

e  Format: Yiiz yiize kisa sinav (20-30 dakika)

e Detayh Degerlendirme Kriterleri:
4 %30
- Verilen lineer programlama problemini modelleyebilme

- Lineer programlamanin temel kavramlarina ve teorisine hakim olma

- Grafik yontemi uygulayabilme

- Simpleks yontemi uygulayabilme

- Lineer programlama probleminin ¢dziimiinde karsilagilan durumlart
yorumlayabilme

Odev
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Konu Anlatimi: Lineer programlama probleminin tanimlanmasi

Smmif-ici Uygulama (60 dk.): Bir karar verme probleminin lineer
programlama modeliyle temsil edilmesine yonelik genel yapilarin analiz

Lineer denklem sistemleri konusuna
iliskin 6n bilgilerin hatirlanmas1 ve
etkinlestirilmesi. Kaynaklar: Ders|
Kitabi, Ek-6, 943-944. [1], 64-65.

1 edilmesi [2] 79-96.
Siif-i¢i Tartisma (15 dk.): Gergek yasam problemlerinin matematiksel Lineer programlama probleminin
PP . o . kosullart (varsayimlart) konusun
forma doniistiiriilmesinde karsilasilan giicliiklerin ve modelleme siirecinin . o .
kavramsal zorluklarinin tartisiimast igeren  bolimlerin  ~ okunmas:.
v “ 3 Kaynak: Ders Kitabi, 26-30.
IKonu Anlatimi: Lineer programlamanin uygulama 6rnekleri
Smif-ici Uygulama (65 dk.): Farkli baglamlarda kullanilan amag Lineer programlama modellerinin|
fonksiyonlart ve kisit tiirleri karsilastirilarak genel modelleme yaklagiminin farkli sektorlerde ve farkli problem
2 temel ilkelerinin incelenmesi ve ¢esitli uygulama alanlarindaj tiplerinde  nasil  uygulandigina

imodellemelerin nasil kullanildiginin 6rneklenmesi

Smif-i¢i Tartisjma (25 dk.): Lineer programlama modellerinin farkly
sektorlerdeki kullanim amaglart ve islevleri iizerine degerlendirmelerde

iliskin 6rnekler konularini igeren
boliimlerin okunmasi. Kaynak: Ders
Kitabi, 30-55.

| Sunum/Jiiri H ‘
| Proje H ‘
| Seminer/Workshop H ‘
Ara Smavlar:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan kapsamli
sorular
e  Format: Yiiz yiize yazili smav (90 dakika)
e Detayh Degerlendirme Kriterleri:
- Verilen lineer programlama problemini modelleyebilme %30
- Lineer programlamanin temel kavramlarina ve teorik altyapisina hakim olma
- Grafik yontemi uygulayabilme
- Simpleks yontemi uygulayabilme
- Lineer programlama probleminin ¢Oziimiinde karsilagilan durumlart
yorumlayabilme
- Primal-dual problem iligkisi kurabilme
Final:
e lcerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize yazili smav (100 dakika)
e  Detayh Degerlendirme Kriterleri:
- Verilen lineer programlama problemini modelleyebilme
- Grafik yontemi uygulayabilme %40
- Simpleks yontemi uygulayabilme
- Lineer programlama probleminin ¢6ziimiinde karsilasilan durumlar
yorumlayabilme
- Primal-dual problem iligkisi kurabilme ve dual simpleks algoritmay1
kullanabilme
- Tagima ve atama problemlerini ¢dzebilme
| Doénem i¢i Cahsmalarin Basar: Notuna Katkisi H %60 |
| Final Sinavinin Basar1 Notuna Katkisi H %40 |
| TOPLAM H %100 |
HAFTALIK KONULAR VE ILGILI ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik

bulunulmasi
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IKonu Anlatimi: Lineer programlamanin temel kavramlari

Simif-ici Uygulama (20 dk): Temel cebirsel yapilarin lineer programlama
imodeli i¢inde nasil kullanildigina yonelik 6rneklerin incelenmesi

Smif-i¢i Tartisma (10 dk.): Lineer cebirsel altyapinin lineer programlama
icindeki rolii ve ¢6ziim uzayinin matematiksel 6zellikleri {izerine kavramsal
bir tartisma yiriitiilme

Vektor, lineer  bagimlilik
bagimsizlik, ¢o6ziim uzay1 gibi temel|
kavramlara iliskin 6n bilgilerin|
hatirlanmasi ve etkinlestirilmesi,|
Kaynaklar: [1], 27-36. [2], 17-32.
Lineer programlamanin  teori
altyapisini olusturmak adina temel
kavramlar ve teorik  altyapi
konularini iceren boliimlerin|
okunmasi. Kaynak: Ders Kitabi,
849-860.

Konu Anlatimi: iki degiskenli lineer programlama problemlerinin grafik|
cOzimii

Siif-ici Uygulama (60 dk): Iki degiskenli lineer programlama
problemlerinde kisitlarin grafik {izerinde nasil temsil edildigi, ¢oziim
bolgesinin nasil belirlendigi ve amag fonksiyonunun bu bélge i¢inde nasil
degerlendirildigi izerine uygulamalar yapilmasi

Smif-ici Tartisma (20 dk.): Optimal ¢6ziimiin kdse noktalarinda
gerceklesme Ozelligi, ¢oziim bolgesinin sinirliligi ve ¢oklu ¢oziimler gibi
durumlarin geometrik baglamda nasil gézlemlenebileceginin tartigilmast

iki boyutlu vektorler, dogrularm|
analitik gosterimi, vektor uzayind
¢ozlim  kiimelerinin  geometri
yorumu konularma iliskin 6
bilgilerin hatirlanmasi Vel
etkinlestirilmesi. Kaynak: [2], 235-
249.

Cebirsel ¢dziim  yontemleriyle
grafiksel ¢Oziim yontemleri
arasindaki iligki konularmi igere
boliimlerin okunmasi. Kaynak: Ders
Kitabi, 69-87.

IKonu Anlatimi: Simpleks yontemin teorisi

Smif-i¢i Uygulama (10 dk.): Simpleks yoOnteminin taban ¢oziim|
kavramina dayali yapisinin, lineer programlama modelleri igin nasil
kullanildig: iizerine teorik yapilarin analizinin yapilmast

Smif-i¢ci Tartisma (10 dk.): Simpleks yonteminin ¢dziim uzayindaki
hareket mantigi ile lineer cebirsel kavramlar arasindaki iligki tartigilmasi

Kisa Smav 1 (20 dk.): Ders sonunda, dersten dnceki haftalarda islenmis|
konulara yonelik kisa sinavin yapilmasi

Matris gosterimleri, taban ¢6ziim,
taban degisken, sirali denklem|
sistemleri, lineer bagimsizlik ve
¢oziim uzay1 boyutu kavramlarm:
iliskin 6n bilgilerin hatirlanmas1 ve
etkinlestirilmesi. Kaynaklar: [1],
69-78. [2], 47-68.

Simpleks yontemin teorisi
konusunu igeren boliimlerin|
okunmasi. Kaynak: Ders Kitab,
861-863.

Kisa Sinav 1: (lineer programlam:
probleminin tanimlanmasi; linee
programlamanin uygulam:
ornekleri; lineer programlamanin|
temel kavramlar;; iki degiskenli
lineer programlama problemlerinin
grafik ¢Ozlimii) Kaynak: Ders|
Kitabi, 26-55; 69-87; 849-860.

IKonu Anlatimi: Simpleks yontemin uygulanmast

Smif-ici Uygulama (60 dk.): Simpleks algoritmasinin tablo iizerinden
adim adim uygulanmasina iliskin iglemlerin tanitilmasi

Smif-i¢gi Tartisma (30 dk.): Elementer islemler sirasinda yapilan|
lhesaplama hatalarinin sonuglar lizerindeki etkisinin tartigilmasi

Elementer satir islemleri, matrisin
satir indirgenmis bigimi, denklem
sistemlerinin ¢Ozliimii, taban|
degisken ve serbest degisken
konularina iligkin 6n bilgilerin
hatirlanmas1  ve etkinlestirilmesi.
Kaynak: [2] 60-66.

Simpleks  yOntemin teorisinde,
simpleks  algoritmasinda  tablo
yapisinin nasil olusturuldugu, giris
ve ¢ikis degiskenlerinin nasil
belirlendigi ~ konularin1  igeren
boliimlerin okunmasi. Kaynak: Ders
Kitab1, 101-113.

IKonu Anlatimi: Yapma degiskenler teknigi

Smmif-ici Uygulama (30 dk.): Simpleks algoritmasmin uygulanabilmesi
icin problemin standart forma getirilmesinde izlenen adimlarin incelenmesi
ve degiskenlerin ¢oziimdeki anlamlarinin degerlendirilmesi

Smif-i¢i Tartisjma (20 dk.): Kisit tipine gore hangi tiir degiskenlerin|
eklenecegi ve bu islemlerin modelin yapisal biitiinliigiine etkisinin|
tartigiimasi

Kisa Smav 2 (30 dk.): Ders sonunda, dersten 6nceki haftalarda islenmis
konulara yonelik kisa smnavin yapilmasi

Lise diizeyindeki linee
esitsizliklerin esitlige
doniistiiriilmesinde kullanilan
yontemler konularina iligkin 6n|
bilgilerin hatirlanmasi ve
etkinlestirilmesi.

Biiyiik-M ve II-Faz yontemlerini
iceren  boOlimlerin  okunmasi.
Kaynak: Ders Kitab1, 114-126.
Kisa Smav 2: (yapma degiskenle
teknigine kadar tim konular)
Kaynak: Ders Kitabi, 26-55; 69-87;
101-113; 849-863.
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|Ara Smav 1

Sinav haftasina kadar islenen
konularm tiimiiniin tekrar edilmesil

Konu Anlatimi: Lineer programlamada goriilen 6zel durumlar: sinirsiz
amag fonksiyonu, isaret kisitlamasi1 olmayan degiskenler

Simif-ici Uygulama (40 dk.): Sinirsiz amag fonksiyonuna ve isaret kisiti
olmayan degiskenlere sahip lineer programlama problemlerinin tabloya
aktarilmas1 ve bu durumlarin simpleks yontemi icerisindeki etkilerinin
incelenmesi

Smif-i¢gi Tartisma (10 dk.): Smirsiz ¢6ziim durumlarinin ve isaret]
kisitlamasi olmayan degiskenlerin, modelleme siirecindeki eksiklikler veyal
veri yapisindaki agikliklarla iliskisi tizerine tartisilmasi

Sinirsiz amag fonksiyonu ve isaret]
kisitlamas1  olmayan degiskenle
konularmi igeren boliimlerin]
okunmasi. Kaynak: Ders Kitabi,
131-134; 137-138.

10

Konu Anlatimi: Lineer programlamada goriilen 6zel durumlar: alternatif
optimal ¢oziimler, sinirh degiskenler

Simif-ici Uygulama (40 dk.): Birden fazla optimal ¢6ziimiin varligina isaret
eden simpleks tablolari iizerinde analiz yapilmasi ve smirlt degiskenlerin|
tabloya eklenislerinin incelenmesi

Smif-ici Tartisma (10 dk.): Optimal ¢dziimiin birden fazla noktada elde
edilebildigi durumlarin karar siirecine etkisi ile degiskenlerin alt ve {ist
sinirlarla kisitlanmasinin  ¢6ziim yapist ve model gergekligi {izering
etkilerinin tartigilmasi

Alternatif optimal c¢oziimler ve
smirli degiskenler konularim igeren|
boliimlerin okunmasi. Kaynak: Ders
Kitabi, 135-139.

11

IKonu Anlatimi: Dual problem; simpleks tabloda optimal dual ¢dziim

Sinif-i¢i Uygulama (20 dk.): Tablo yapisindaki siitun ve satir iligkilerinin|
dual yoruma nasil olanak sagladiginin gézlemlenmesi

Sinif-i¢i Tartisjma (40 dk.): Dual problemin, primal modele getirdigi
alternatif bakis acis1 ile karar ve golge fiyat kavramlarinim|
lyorumlanabilirligi iizerine degerlendirmelerde bulunulmasi; ayrica, primal
coziim lizerinden dual degerlere ulagsmanin sezgisel ve yapisal yonleri
lizerine tartigilmasi

Kisa Smav 3 (30 dk.): Ders sonunda, dersten 6nceki haftalarda islenmisg|
konulara yonelik kisa sinavin yapilmasi

Dualite konusunu igeren boliimleri
okunmasi. Kaynak: Ders Kitabi,
145-151.

Kisa Smav 3: (dual problemine
kadar tiim konular) Kaynak: Ders|
Kitabi, 26-55; 69-87; 101-139; 849-
863.

IKonu Anlatimi: Primal-dual 6zellikler; dual-simpleks algoritma

Sinif-i¢i Uygulama (45 dk.): Primal ve dual ¢6ziimler arasindaki karsilikli
gecisin incelenmesi, optimal ¢oziimdeki ¢ift yonlii kosullarin dogrulanmasi
ive simpleks tablosunun dual bigimde ele alindig1 6zel durumlara iligkin|
islem adimlarinin gézlemlenmesi

Sinif-i¢i Tartisma (30 dk.): Dual-simpleks algoritmasinin, klasik simpleks|
lyonteminden hangi yonleriyle ayrildigi ve hangi tiir problemlerde daha
avantajli oldugu iizerine degerlendirmeler yapilmasi; ayrica primal ve dual
coziimlerin ayni tablo yapisinda birlikte okunabilirliginin yorumlanmasi

Primal-dual problemlerin karsilikl
durumlari,  dualitenin  avantaji
konularini iceren  boliimlerin|
okunmasi. Kaynak: Ders Kitabi,
153-159.

Dual simpleks algoritma konularini
igeren  boliimlerin  okunmast.
Kaynak: Ders Kitabi, 887-892.

Konu Anlatimi: Tasima problemi; tagima problemine baglangi¢ ¢oziimii
bulunmasi

Simif-ici Uygulama (60 dk.): Arz ve talep dengesi saglanmis bir tagimal
problemine iligkin tablo yapisinin olusturulmasi, uygun bir baslangic
coziimiiniin belirlenmesi ve ¢oziim yontemlerinin yapisal adimlarinin
analiz edilmesi

Smif-i¢i Tartisma (20 dk.): Tasima probleminin klasik lineer
programlamadan hangi yonleriyle ayrildig iizerine tartigilmasi

Ozel lineer programlama problemi
ve tagima problemi ve problemi
varsayimlarina ait konulari igeren|
boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 257-264.

Konu Anlatimi: Atlama tasi yontemi; tagima probleminin optimal ve|
alternatif ¢ozimi

Siif-i¢i Uygulama (45 dk.): Hiicre degerlendirme islemlerinin|
uygulanmasi, dongiilerin kurulmasi ve yeni taban diizeninin elde edilmesi

Hiicre degerlendirme katsayisi,
dongii  olusturma, taban dis1
hiicrelerin  maliyet etkisi  ve|
alternatif ¢6ziim konularmi igere
boliimlerin okunmasi. Kaynak: Ders
Kitab1, 269-278; 287-290.
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Simif-i¢ci Tartisma (15 dk.): Optimal olmayan ¢6ziimlerin sistematik 2. Kisa Smav 4: (atlama tasi

bicimde iyilestirilmesinin neden dnemli oldugu, alternatif ¢oztimlerin karar| yontemine kadar tiim konular)
stirecine etkisi ve atlama tasi yonteminin tagima problemleri baglaminda Kaynak: Ders Kitabi, 26-55; 69-87;|
sundugu ¢dziim mantig1 lizerine tartigilmast 101-153; 257-264; 849-892.

Kisa Smav 4 (30 dk.): Ders sonunda, derste 6nceki haftalarda iglenmis
konulara yonelik kisa smavin yapilmasi

Konu Anlatimi: Atama problemi

Smif-ici Uygulama (20 dk.): Her hiicrenin karar degiskeni olarak nasil

< S . N 9 . . 1. Atama probleminin varsayimlar1 ve
degerlendirilecegi ve tekil atama yapisinin nasil saglandiginin incelenmesi P Y

Macar algoritmasi konularini igere

15 boliimlerin okunmasi. Kaynak: Ders|
Sinif-ici Tartisma (30 dk.): Atama probleminin ¢dziim yapisinin tagima Kitabs. 311-317 ’ ’
problemlerine kiyasla daha kisith ancak daha dogrudan olmasi, modelin i ’
dogrulugunun nasil yorumlanacagi ve optimizasyon amacinn Kkarar
siireclerine etkisi lizerine tartigilmasi

16 IFinal Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi (Saat) Toplam is yiikii

Ders Saati

Laboratuvar

Uygulama (Sozlii Sinav)

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kii¢iik Siavlar / Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav Hazirhik Siiresi)

Final (Sinav Siiresi + Sinav Hazirhik Siiresi)

Toplam s yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Linear Programming

CODE

MAT2131

LOCAL CREDIT

3

ECTS

5

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @Bachelor Programme in Mathematics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Fatma TIRYAKI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to helps students gain the ability to analyze decision-making
problems encountered in engineering and applied sciences, to construct appropriate
mathematical models for these problems, and to comprehend and effectively apply
the basic linear programming methods used in solving these models.

COURSE CONTENT

Definition of the linear programming problem; application examples of linear
programming; basic concepts of linear programming; graphical solution of linear
programming problems with two variables; theory of the simplex method; application
of the simplex method; artificial variables technique; special cases in linear
programming: unbounded objective function, variables without sign constraints,
alternative optimal solutions, and bounded variables; dual problem; optimal dual
solution on the simplex table; primal-dual properties; dual-simplex algorithm;
transportation problem; finding an initial solution to the transportation problem;
stepping-stone method; optimal and alternative solutions of the transportation
problem; assignment problem.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Sharma, J. K. Operations Research Theory and Application. 6th ed., Laxmi
Publications, 2016.

Required Readings:

[1] Axler, Sheldon. Linear Algebra Done Right. 4th ed., Springer Nature, 2024.

[2] Landi, Giovanni, Alessandro, Zampini. Linear Algebra and Analytic Geometry

for Physical Sciences. Springer, 2018.

Recommended Readings:
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Ahlatgioglu, Mehmet, Tiryaki, Fatma. Kantitatif Karar Verme Teknikleri. YTU
Publishing, 1998.

Hillier, Frederick S., Gerald Lieberman J. Introduction to Operations Research. 12th
ed., (ISE), McGraw-Hill, 2024.

Sezginman, Ibrahim. Lineer Programlama Teori ve Problemleri. YTU Publishing,

1993.
Taha, Hamdy A. Operations Research: An Introduction. 10th ed., Pearson Education
Limited, 2017.

Timor, Mehpare. Yoneylem arastirmasi. 2nd ed., Tirkmen Publisher, 2020.
Upon successful completion of the course, students will be able to

1. Model real-life and engineering problems using appropriate linear
programming techniques.

Analyse solving linear programming problems with two variables using
graphical methods, the solution space, corner points, and optimal value.

Apply the simplex method and related theoretical background and solution
various linear programming problems systematically, accurately with this
method.

Course Learning Outcomes

Analyse special cases encountered in linear programming and appropriate
solution strategies.

Find solution to the problems with dual simplex method by the theoretical
and numerical level of primal-dual relationship of dual problem.

Express modeling of special linear programming applications such as
transportation and assignment problems, initial solutions, and reach optimal
solutions.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

‘ Attendance/Participation H H

‘ Laboratory H H

‘ Application H H

| Field Work H H

| Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e Content: Comprehensive questions covering all topics up to the exam week

e  Format: Face-to-face quiz (20-30 minutes)

o  Detailed Assessment Criteria:

4 %30
- Modeling a given linear programming problem

- Mastering the basic concepts and theory of linear programming

- To be able to apply the graphical method

Ability to apply the simplex method

- To be able to interpret the situations encountered in solving linear
programming problems

| Homework Assignments H H

‘ Presentations/Jury H H

| Project
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Seminar/Workshop “ H ‘ l
Midterms:
e  Content: Comprehensive questions covering all topics up to exam week
e  Format: Face-to-face written exam (90 minutes)
e  Detailed Assessment Criteria:
- Modeling a given linear programming problem %30
- Mastering the basic concepts and theoretical background of linear
programming
- To be able to apply the graphical method
- Ability to apply the simplex method
- To be able to interpret the situations encountered in solving linear
programming problems
- Establishing a primal-dual problem relationship
Final:
e  Content: Comprehensive questions covering all topics
e  Format: Face-to-face written exam (100 minutes)
e  Detailed Assessment Criteria:
- Modeling a given linear programming problem
- To be able to apply the graphical method %40
- Ability to apply the simplex method
- To be able to interpret the situations encountered in solving linear
programming problems
- To be able to establish the primal-dual problem relationship and use the dual
simplex algorithm
- Solving transportation and assignment problems
| Percentage of In-Term Studies H %60 | .
‘ Percentage of Final Examination H %40 | .
| TOTAL H %100 | l
WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES
WEEKS COURSE OUTLINE Related Preparation
ILecture: Definition of the linear programming problem Recollection and activation of prio
knowledge on the concepts o
In-Class Practice (60 minutes): Analysis of the general structures for| systems' of  lincar equations.
representing a decision-making problem with a linear programming model Sources: Coursebook, Appendix-6,
1 943-944.[1], 64-65. [2] 79-96.
In-Class Discussion (15 minutes): Discussion of the difficulties| Read} ne the SeCt.IOIlS on the
. . . . . conditions (assumptions) of a linea
encountered in transforming real-life problems into mathematical form and| . )
the conceptual challenges of the modeling process programming problem.  Source:
Coursebook, 26-30.
ILecture: Application examples of linear programming
In-Class Practice (65 minutes): Examination of the basic principles of the . . |
. . S . Reading the sections on examples o
general modeling approach by comparing the types of objective functions . .
. L e . how linear programming models are
and constraints used in different contexts and exemplifying how modeling R .
2 is used in various application areas applied in different sectors and in|
different types of problems. Source:
In-Class Discussion (25 minutes): Evaluations on the usage purposes and| Coursebook, 30-55.
functions of linear programming models in different sectors
Lecture: Basic concepts of linear programming Recollection and activation of prio
knowledge on the concepts o
3 In-Class Practice (20 minutes): Examination of examples of how basic vector, linear  dependence
lalgebraic structures are used in a linear programming model independence, and solution space.
Sources: [1], 27-36. [2], 17-32.
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In-Class Discussion (10 minutes): Conceptual discussion on the role of
linear algebraic background in linear programming and mathematical
properties of the solution space

Reading the sections on basic|
concepts and theoretical
background to establish the]
theoretical background of linea
programming. Source: Coursebook,|
849-860.

ILecture: Graphical solution of linear programming problems with two
variables

In-Class Practice (60 minutes): Making applications on how constraints
are represented on a graph in two-variable linear programming problems,
how the solution region is determined, and how the objective function is
evaluated within this region

IIn-Class Discussion (20 minutes): Discussion of how situations such as|
the property of the optimal solution at the corner points, the boundedness
of the solution region, and multiple solutions can be observed in a geometric
context

Recollection and activation of prio
knowledge on the concepts of two-|
dimensional ~ vectors,  analytic
representation  of  lines, an
geometric interpretation of solution
sets in vector space. Source: [2],
235-249.

Reading the sections on the]
relationship  between  algebraic
solution methods and graphical
solution methods. Source:
Coursebook, 69-87.

ILecture: Theory of the simplex method

IIn-Class Practice (10 minutes): Analyzing the theoretical constructions
on how the structure of the simplex method, based on the concept of basic
solution, is used for linear programming models

IIn-Class Discussion (10 minutes): Discussion of the relationship between|
the logic of motion in the solution space of the simplex method and linear
algebraic concepts

Quiz 1 (20 minutes): A quiz on topics covered in previous weeks at the
end of the lesson

Recollection and activation of prio
knowledge on the concepts o
matrix representations, basic]
solution, basic variable, systems o
ordered equations, linea
independence, and solution space
dimension. Sources: [1], 69-78. [2],
47-68.

Reading the sections on the theo
of the simplex method. Source:
Coursebook, 861-863.

Quiz 1: (definition of linea
programming problem; applicatio
examples of linear programming;
basic concepts of linea
programming; graphical solution o
linear programming problems in
two variables) Source: Coursebook,
26-55; 69-87; 849-860.

ILecture: Application of the simplex method

In-Class Practice (60 minutes): Introduction to the step-by-step)
implementation of the simplex algorithm on the table

IIn-Class Discussion (30 minutes): Discussion of the effect of calculation|
errors made during elementary operations on the results

Recollection and activation of prio
knowledge on the concepts o
elementary row operations, row-
reduced form of matrix, solution o
systems of equations, basic variable,
and free variable. Source: [2] 60-66.
Reading the sections on the theory)|
of the simplex method, how the
table structure is constructed in the
simplex algorithm, and how the
input and output variables are
determined. Source: Coursebook,
101-113.

ILecture: Artificial variables technique

IIn-Class Practice (30 minutes): Examination of the steps followed in|
bringing the problem into standard form for the application of the simplex
lalgorithm and evaluation of the meaning of the variables in the solution

In-Class Discussion (20 minutes): Discussion of which variables to add
according to the constraint type and the effect of these operations on the
structural integrity of the model

Quiz 2 (30 minutes): A quiz on topics covered in previous weeks at the
end of the lesson

Recollection and activation of prio
knowledge of high school level
concepts of the methods used in
transforming linear inequalities into

equality.
Reading the sections on Big-M an
II-Phase methods. Source:

Coursebook, 114-126.

Quiz 2: (all topics up to the artificial
variables  technique) Source:
Coursebook, 26-55; 69-87; 101-
113; 849-863.

Review of all topics covered up to the exam|

8 Midterm 1
week

Lecture: Special cases in linear programming: unbounded objective

9 function, variables without sign constraints 1. Reading the sections on unbounde

objective function and variables|
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In-Class Practice (40 minutes): Tabularization of linear programming
problems with an unbounded objective function and unconstrained
variables, and examination of the effects of these cases in the simplex
method

In-Class Discussion (10 minutes): Discussion of unbounded solution
states and sign unconstrained variables in relation to deficiencies in the
imodeling process or gaps in the data structure

without sign constraints. Source:
Coursebook, 131-134; 137-138.

10

ILecture: Special cases in linear programming: alternative optimal
solutions, bounded variables

IIn-Class Practice (40 minutes): Analysis of simplex tables that indicate
the existence of more than one optimal solution and examination of the
addition of limited variables to the table

In-Class Discussion (10 minutes): Discussion of the effects of the]
situations where the optimal solution can be obtained at more than one point
on the decision process, and the effects of constraining the variables with|
lower and upper bounds on the solution structure and model reality

Reading the sections on alternative
optimal solutions and bounded
variables. Source: Coursebook, 135-
139.

11

ILecture: Dual problem; optimal dual solution on the simplex table

In-Class Practice (20 minutes): Observation of how column and row|
relationships in the table structure enable dual interpretation

In-Class Discussion (40 minutes): Evaluation of the dual problem from anl
alternative perspective to the primal model and the interpretability of the|
decision and shadow price concepts; discussion of the heuristics and|
structural aspects of obtaining dual values from the primal solution

Quiz 3 (30 minutes): A quiz on topics covered in previous weeks at the
end of the lesson

Reading the sections on duality.
Source: Coursebook, 145-151.
Quiz 3: (all topics up to the dual
problem) Source: Coursebook, 26-
55; 69-87; 101-139; 849-863.

Lecture: Primal-dual properties; dual-simplex algorithm

In-Class Practice (45 minutes): Examination of the mutual transition
between primal and dual solutions, verification of the pairwise conditions|
in the optimal solution, and observation of the processing steps for special
cases where the simplex table is treated in dual form

In-Class Discussion (30 minutes): Evaluation of the dual-simplex
algorithm in terms of how it differs from the classical simplex method and
in which problems it is more advantageous; also, interpretation of the|
readability of primal and dual solutions together in the same table structure

Reading the sections on the
reciprocal cases of primal-dual
problems, the advantage of duality.
Source: Coursebook, 153-159.
Reading the sections on duall
simplex algorithms. Source:
Coursebook, 887-892.

13

ILecture: Transportation problem; finding an initial solution to the
transportation problem

In-Class Practice (60 minutes): Construction of a table structure for a
transportation problem with balanced supply and demand, determination of
an appropriate initial solution, and analysis of the structural steps of]
solution methods

In-Class Discussion (20 minutes): Discussion on how the transportation
problem differs from classical linear programming

Reading the sections on speciall
linear programming problems an
the transportation problem and its|
assumptions. Source: Coursebook,
257-264.

ILecture: Stepping-stone method; optimal and alternative solutions of the
transportation problem

In-Class Practice (45 minutes): Implementation of cell evaluation
procedures, establishment of loops, and obtaining a new basic layout

In-Class Discussion (15 minutes): Discussion on why systematic
improvement of non-optimal solutions is essential, the impact of alternative
solutions on the decision process, and the solution logic of the stepping]
stone method in the context of transportation problems

Reading the sections on cell
evaluation coefficient, looping,
cost-effectiveness of off-base cells,
and alternative solutions. Source:
Coursebook, 269-278; 287-290.
Quiz 4: (all topics up to the steppin
stone method) Source: Coursebook,
26-55; 69-87; 101-153; 257-264;
849-892.
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end of the lesson

Quiz 4 (30 minutes): A quiz on topics covered in previous weeks at the

ILecture: Assignment problem

lIn-Class Practice (20 minutes): Examination of how to evaluate each cell

- . . . . 1. Reading the sections on the
as a decision variable and how to provide a unique assignment structure . )
assumptions of the assignmen
15 In-Class Discussion (30 minutes): Atama probleminin ¢dzlim yapisinin| P roblf:m and the = Hungarian
. - algorithm. Source: Coursebook,
tasima problemlerine kiyasla daha kisith ancak daha dogrudan olmasi, 311-317
modelin dogrulugunun nasil yorumlanacagi ve optimizasyon amacinin ’
karar siireclerine etkisi tizerine tartigilmasi
16 Final Review of all topics covered
ECTS WORKLOAD TABLE
—

Activities ‘ Number ‘ Duration (Hour) H Total Workload
Course Hours H 14 H 3 H 42
Laboratory H H H
Application H H “

Field Work H H “
Study Hours Out of Class H 14 H 4 H 56
Special Course Internship (Work Placement) H H H
Homework Assignments H H H
Quizzes / Studio Critics H 4 H 4 H 16
] |
Presentations / Seminar H H H
Mid-Terms (Examination Duration + Examination Prep. Duration) H 1 H 20 H 20
Final (Examination Duration + Examination Prep. Duration) H 1 H 25 H 25
Total Workload: H 159
Total Workload / 30(h): H 53
ECTS Credit: 5
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg-l Geometri, analiz, lineer cebir, soyut matematik, cebir ve
diferansiyel denklemler gibi matematigin temel alanlarindaki tanimlari
ve teoremleri ifade edebilecek, bunlar arasinda iliski kurabilecek ve
teoremlerin uygulamalarini agiklayabileceklerdir. / State the definitions
and theorems in fundamental areas of mathematics such as geometry, = = = = = =
analysis, linear algebra, abstract mathematics, and differential
equations, establish connections between them and explain their
applications.

PS:-Z Matematik alanindaki teorik ve uygulamali bilgilerini ve
matematiksel diisiinme becerilerini kullanarak standart ve karmasik
matematiksel problemleri tanimlayabilecek ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek ve matematiksel bir 6nermenin gegerliligini
farkli ispat yontemleri ile ispatlayabileceklerdir. / Identify standard and
complex mathematical problems, solve these problems with analytical
and/or numerical methods and prove the validity of a mathematical
proposition through various proof techniques using their theoretical and
applied knowledge of mathematics and mathematical thinking skills.

I~
15
[°N
1S
1w
1w

PQ-3 Matematik alanindaki teorik ve uygulamali bilgilerini ve
matematiksel diisinme becerilerini kullanarak ger¢cek hayattaki
problemlerin matematiksel modellerini gelistirebilecek ve bu modelleri
kullanarak problemlere gegerli ¢oziimler iiretebileceklerdir. / Develop
mathematical models for real-life problems and generate valid solutions
based on these models using their theoretical and applied knowledge of
mathematics and mathematical thinking skills.

1
1
1
1
1
1

Pg-4 Disiplinler aras1 bir yaklagimla, farkli alanlarda edinmis

olduklart bilgileri sentezleyebileceklerdir. / Synthesis knowledge 5 _ _ _ _ 3
acquired from different disciplines through an interdisciplinary = - - - - =
approach.

PC-5 Matematik alaminda edindikleri bilgi birikimlerini ve
matematiksel diislinme becerilerini, teorik matematik, yazilim, finans
ve yOnetim matematigi, biyomatematik, veri bilimi ve finansal istatistik
yontemleri gibi disiplin-igi ve disiplinlerarasi uzmanlik alanlarinda
gelistirebileceklerdir. / Advance their acquired knowledge in
mathematics and mathematical thinking skills in both disciplinary and
interdisciplinary areas of specialisation such as pure mathematics,
software, financial and managerial mathematics, biomathematics, data
science, and financial statistical methods.

1
I
I
I
I
I

PQ-6 Matematik alaninda yaygin olarak kullanilan en az bir
programlama dili ile bilgisayar ve yapay zeka teknolojilerini,
problemleri ¢6zmek, veri analizi yapmak ve simiilasyonlar
gerceklestirmek igin kullanabileceklerdir. / Use at least one - - - - - -
programming language and computer and artificial intelligence
technologies widely employed in mathematics for problem-solving,
data analysis, and simulations.

PC-7 Matematik ve ilgili alanlardaki bilimsel ve teknolojik
geligmeleri izleyebilecek, kariyer firsatlarini degerlendirerek kigisel ve
mesleki gelisim hedeflerini belirleyebilecek ve bu hedeflere ulasmak
icin hayat boyu 6grenme stratejilerini kullanabileceklerdir. / Follow
scientific and technological developments in mathematics and related - - - - - -
fields, assess career opportunities, identify personal and professional
development goals, and adopt lifelong learning strategies to achieve
these goals.

PS ‘-8 Bilimsel arastirmalarini ve mesleki faaliyetlerini yiiriitiirken
dogabilecek hukuksal sonuglart ve toplumsal etkileri dikkate alarak
mesleki etik ilkeler, kalite standartlar1 ile evrensel degerler - - - - - -
dogrultusunda ve sosyal sorumluluk bilinci ve adalet duygusuyla
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hareket edebileceklerdir. / Act with a sense of social responsibility and
justice and in accordance with professional ethical principles, quality
standards, and universal values by taking into account potential legal
and societal consequences of their scientific research and professional
activities.

Pg-9 Bireysel olarak ya da takimlarda etkin bi¢imde
caligabileceklerdir. / Work effectively both independently and as part
of a team.

PS ‘-10 Matematik alaninda giivenilir bilgi kaynaklarina ulasarak
literatiir taramasi yapabilecek ve akademik arastirma tasarlayip
yiiriitebileceklerdir. / Access reliable sources of information, conduct
literature reviews, and design and carry out academic research in the
field of mathematics.

Pg-ll Matematiksel konulari, teorileri, ispatlari, arastirmalart ve
problem ¢oziimlerini, matematik terminolojisi kullanarak tim
paydaslara Tiirke ve Ingilizcede sozlii ve yazili olarak etkili bigimde
aktarabileceklerdir. / Effectively communicate mathematical topics,
theories, proofs, research, and problem solutions to all relevant
stakeholders using appropriate mathematical terminology, both orally
and in writing, in Turkish and in English.
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