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OZET

BULANIK CPM iLE DOGRUSAL PROGRAMLAMA: TURKIiYE iINSAAT
ENDUSTRISINDE BiR VAKA CALISMASI

Giillii DEGIRMENCI

Tiirkiye ve diinya ekonomisine bakildiginda insaat sektoriinlin pazar paymin diger
bircok sektore gore daha fazla oldugu goriilmektedir. Firmalar ulusal ve uluslararasi
arenada bu pazarda var olabilmek i¢in zorlu bir rekabet ortamiyla basa ¢ikmak
zorundadir. Olusan rekabet ortami, firmalar1 gelisen teknolojiyle birlikte projelerinde
farklilasmaya ve kapsam artisina yoneltmistir. Kapsam artisiyla birlikte daha
kompleks projeler ortaya ¢ikmustir. Insaat projelerinde karsilagilan maliyet-zaman-
kalite kisitlar1 artan kapsamla birlikte daha c¢ok yonetilmeye ihtiya¢ duymustur.
Ozellikle zaman parametresinin yonetimi, onceden degerlendirilmesi gereken
durumlarin bilinememesi veya gergekei bir yaklagim sergilenmemesi yonetim siirecini
zorlagtirmakta ve firmalarin zorlayic1 finansal durumlarla karsilagmasina neden
olmaktadir. Proje yonetimi i¢cin mevcutta var olan klasik planlama yontemlerden
yararlaniliyor olusu yonetim siirecinde bilgi kayiplarina sebep olmaktadir. Ingaat
projelerinin, insan giicline bagli faaliyetler barindirtyor olmasi, is kalemlerinin kesin
faaliyet siirelerinin belirlenmesini zorlastirmaktadir. Bu durum faaliyet siirelerinde
dolayisiyla da proje tamamlanma siiresinde “belirsizlik” olarak tanimlanan kavrami
ortaya  ¢ikarmaktadir. Bu  baglamda  firmalar  gelisebilecek  durumlar
degerlendirebilecekleri planlama yontemlerine ihtiya¢c duymaktadir. Bu nedenle proje
planlamasinda belirsizligin g6z 6niinde bulunduruldugu yontemlere olan ilgi artmistir.
Bu yontemlerden biri olan bulanik kiime teorisinin klasik yontemlere genisletilmesi ve
yeni gelistirilen tekniklerle belirsiz durumlarla ilgili daha fazla bilgi saglanabilmistir.

1965 yilinda Lotfi Aliasker Zadeh tarafindan ortaya c¢ikarilmis olan bulanik kiime
teorisi, bulanik yani belirsiz durumlarin sayisal olarak ifade edilebilecegi iizerine
gelistirilmistir. Determinist yapinin aksine belirsiz yap1 korunarak daha fazla bilgi elde
edilebilecedi goriilmiistiir. Bu baglamda bulanik kiime teorisi, mevcut olan klasik
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CPM ve PERT yontemlerine genisletilerek bulanik CPM ve bulanik PERT (FCPM ve
FPERT) yontemlerinin ortaya ¢ikmasini saglamistir.

Bu ¢alisma; bir¢ok ingaat projesinde tercih edilmekte olan klasik kritik yol metodunun
(CPM) ornek bir proje tizerinde bulanik mantik ¢ercevesinde onerilen iki farkli ¢6ziim
algoritmasiyla incelenmesini igermektedir. Calisma, bulaniklik ile net deger doniisiime
imkadn veren yontemler ve dogrusal programlama (LP) formiilasyonuna
dayanmaktadir. Yapilan inceleme ve aragtirmalar sonucunda, belirsizligin oldukca
fazla oldugu ingaat proje siiresinin hesaplanmasi problemi, ¢alisma konusu olarak
belirlenmis ve proje siiresinin hesaplanmasi probleminde yer alan belirsizlikler i¢in
bulanik mantik ve bulanik kiime teorisinden faydalanilmigtir. Calisma kapsaminda
incelenen ve degerlendirilen bulanik yontemlerle iki farkli ¢6ziim algoritmasi
olusturulmustur. Ornek bir insaat projesinin kritik yolu ve proje siiresi, proje
faaliyetlerine bulanik siireler verilerek ve dogrusal programlama modeli kullanilarak
hesaplanmistir. Coziimde ilk olarak klasik ¢6ziim algoritmasi kullanilarak klasik
CPM-LP ¢o6ziimii yapilmistir. Daha sonra proje faaliyet siireleri, liggen bulanik
sayilarla temsil edilmistir. Birinci bulanik ¢6ziim algoritmasiyla bulanik CPM-LP
modeli ile bulanik proje siiresi ve kritik yolu hesaplanmis sonrasinda Yager siralama
yontemi-LP (Ranking Method) modeli ile bulanik proje siiresi ile kritik yolun net deger
doniisiimleri yapilmustir. Ikinci bulanik ¢dziim algoritmasiyla Alfa kesim metodu (a-
Cutting Method) ile bulanik proje siiresi ve kritik yolu hesaplanmis sonrasinda
Alanlarin merkezi yontemi (COA- Center of Area) ile durulastirilarak proje siiresi ve
kritik yolun net deger doniistimleri yapilarak net a kesim aralig1 belirlenmistir. Daha
sonra her iki ¢dziim algoritmasiyla yapilan proje ¢éziimlerinden elde edilen bulanik ve
net sonuclar karsilastirilmistir. Ayrica klasik ve bulamk CPM ¢oéziimleri ile
yontemlerin anlasilmasi, yontemler arasindaki benzerlikler ve farkliliklarin ortaya
konulmustur. Caligmanin 6zgiinliigii incelenen projenin gergek bir proje olmasi, kritik
yolu ve bitis siiresinin 6nceden bilinmesi ve kullanilan bulanik yontemlerin bu insaat
projesinde kiyaslanmasina olanak vermesi ile saglanmistir.

Yapilan uygulama caligmasi sonucunda Onerilen yontemlerin insaat projelerinde
uygulanabilirligi desteklenmis, bulanik ve net proje siiresi hesaplama yontemlerine ait
yaklasimlar ortaya koyularak bulanik ve net siire farkliliklar iizerinde durulmustur.
Her iki ¢6zlim algoritmasiyla yapilan analizler neticesinde proje siiresinin net bir
degerdense bulanik olarak hesaplanmasinin proje yonetim siirecinde daha fazla bilgi
saglar nitelikte oldugu goriilmiistiir. Bulanik proje zaman planlamasinda kullanilan
bulanik faaliyet siiresinin lyelik fonksiyonunun derecesinin proje kritik yolu ve
siiresini degistirerek projenin her hangi bir asamasindaki degisim durumunu ve
belirsizligi ortaya koyabilecegi tespit edilmistir.

Anahtar Kelimeler: Bulanik mantik, Insaat, Proje ydnetimi, Lineer programlama

ix



University : Istanbul Kiiltiir University

Institute : Institute Of Graduate Studies
Department : Civil Engineering

Programme : Project Management

Advisor : Assistant Prof. Dr. Mehmet N. UGURAL

Thesis Type — Date : Masters Degree — May 2021

ABSTRACT

FUZZY CPM WITH LINEAR PROGRAMMING: A CASE STUDY IN
TURKISH CONSTRUCTION INDUSTRY

Giillii DEGIRMENCI

Considering the market share of the construction sector in Turkey and the world
economy appears to be higher than many other sectors. Companies have to cope with
a tough competitive environment in order to exist in this market in the national and
international arena. The resulting competitive environment has led companies to
differentiate and increase their scope in their projects with the developing technology.
With the increase in coverage, more complex projects have emerged. Cost-time-
quality constraints encountered in construction projects required more management
with increasing scope. In particular, time parameter management, ignorance of
situations that need to be assessed in advance, or lack of a realistic approach
complicate the management process and cause companies to face difficult financial
situations. The use of classical planning methods for project management leads to data
loss in the management process. The fact that construction projects involve activities
dependent on manpower makes it difficult to determine the exact activity periods of
the work items. This situation reveals the concept defined as "uncertainty" in the
activity periods and therefore in the project completion period. In this context,
companies need planning methods that can assess the situations in which they can
develop. Thus, there is a growing interest in methods that take into account uncertainty
in project planning. More information about uncertain situations has been provided by
extending the fuzzy set theory, which is one of these methods, to classical methods
and by newly developed techniques.

The fuzzy set theory, which was introduced by Lotfi Aliasker Zadeh in 1965,
was developed on the basis that fuzzy states can be expressed numerically. Contrary



to the deterministic structure, it has been observed that more information can be
obtained by preserving the uncertain structure. In this context, fuzzy set theory has
expanded to the existing classical CPM and PERT methods, leading to the emergence
of fuzzy CPM and PERT (FCPM and FPERT) methods.

This study includes the examination of the classical critical path method
(CPM), which is preferred in many construction projects, on a sample project with two
different solution algorithms proposed within the framework of fuzzy logic. The
research is based on methods that allow the conversion of net value to turbidity and
the formulation of linear programming (LP). As a result of the investigations and
researches, the problem of calculating the duration of the construction project, where
the uncertainty is quite high, was determined as the study subject and fuzzy logic and
fuzzy set theory were used for the uncertainties in the problem of project duration
calculation. Two different solution algorithms were created using fuzzy methods that
were examined and evaluated within the scope of the study. The critical path and
project duration of a sample construction project were calculated by giving the project
activities fuzzy times and using the linear programming model. In the solution, the
classical CPM-LP solution was first solved using the classical solution algorithm.
Then, project activity periods were represented by triangular fuzzy numbers. The fuzzy
project time and critical path were calculated with the fuzzy CPM-LP model with the
first fuzzy solution algorithm, and then the net value transformations of the fuzzy
project duration and the critical path were made with the Yager sorting method-LP
(Ranking Method) model. With the second fuzzy solution algorithm, the fuzzy project
time and critical path were calculated with the Alpha cutting method (a-Cutting
Method), and then the net a cutting range was determined by rinsing the project time
and the critical path with the center of the area method (COA). Then the fuzzy and
clear results obtained from the project solutions made with both solution algorithms
were compared. In addition, understanding of classical and fuzzy CPM solutions and
methods, similarities and differences between methods are revealed. The originality of
the study has been ensured by the fact that the examined project is a real project, the
critical path and the end time are known in advance and the fuzzy methods used allow
comparison in this construction project.

As a result of the case study, the applicability of the proposed methods in
construction projects was supported, and fuzzy and clear time differences were
emphasized by introducing the approaches of the fuzzy and net project time calculation
methods. As a result of the analysis made with both solution algorithms, it was seen
that the fuzzy calculation of the project duration rather than a net value provides more
information in the project management process. It has been determined that the fuzzy
activity duration used in fuzzy project scheduling can reveal the change status and
uncertainty at any stage of the project by changing the project critical path and duration
of the membership function.
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