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Editor'den

Altinbas Universitesi tarafindan basilan “Aurum Miihendislik Sistemleri ve Mimarlik Dergisi (A-JESA)” adli
uluslararasi dergi; elektronik, goriinti isleme, bilgi teorisi, elektrik sistemleri, glic elektronigi, kontrol teorisi,
gomiili sistemler, robotik, hareket kontroli, stokastik modelleme, sistem tasarimi, multidisipliner mihendislik,
bilgisayar miihendisligi, optik miihendisligi, tasarim optimizasyonu, malzeme bilimi, metamalzemeler, 1s1 ve
kutle transferi, kinematik, dinamik, termodinamik, enerji ve uygulamalari, yenilenebilir enerii, cevresel etkiler,
yapisal analiz, akiskanlar dinamigi, teorik ve uygulamali matematik, fizik ve kimya, mimari arastirmalar ve
kentsel tasarim, ic mimarlik ve sinematik mimari gibi konularda yapilan bilimsel 6zgtin ¢alismalari hakem
stireclerinin olumlu olmasi halinde degerlendirmeye almaktadir.

Stratejimiz, siki bir inceleme sureci sadlayarak yiiksek kalite standartlarinda bilim ve teknolojide yeni
egilimleri gdsteren yayinlara yer vermektir.

Yogun inceleme ve stireclerin sonunda A-JESA dergisinin 3. cilt, 1. sayisini yayinlanmaktan blytik mutluluk
duyuyoruz. Yayin kurulu tyelerine, bu sayinin hakemlerine ve yazarlarina derginin misyonuna uygun
bilimsel katki ve yorumlari icin tesekkiir etmek isterim.

Prof. Dr. Osman Nuri UCAN
Bas Editor




Cilt 3, Say1 1| Yaz 2019
Volume 3, No 1| Summer 2019

From Editor

The scope of the Aurum Engineering Systems and Architecture (A-JESA) covers the novel scientific
papers about Electronics, Image Processing, Information Theory, Electrical Systems, Power Electronics,
Control Theory, Embedded Systems, Robotics, Motion Control, Stochastic Modeling, System Design,
Multidisciplinary Engineering, Computer Engineering, Optical Engineering, Design Optimization, Material
Science, Metamaterials, Heat and Mass Transfer, Kinematics, Dynamics, Thermo-Dynamics, Energy and
Applications, Renewable Energy, Environmental Impacts, Structural Analysis, Fluid Dynamics, Theoretical
and applied Mathematics, Physics and Chemistry, Architectural Researches and other topics such as Urban
Design, Interior Architecture and Cinematic Architecture.

Our strategy is to demonstrate new trends in science and technology subject to high quality standards
by ensuring a stringent peer review process.

It is our great pleasure to publish Volume 3, Number 1 of international journal, “Aurum Engineering
Systems and Architecture” (A-JESA) after serious review process.

I sincerely wish to thank members of the editorial board, reviewers and authors of this issue who have
generously contributed their time and knowledge to the work and the mission of the journal.

Prof. Dr. Osman N. UCAN
Editor in Chief
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DERLEME/REVIEW
GCUBUK AGI AHSAP KUBBELER
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0z

Genis aciklikl yapr ihtiyacina yonelik tasarim anlayisinin, 20. yy’in baglarindan itibaren kendini gosterdigi
sdylenebilir. Bu anlayista, malzeme, bicim ve tasiyici sistem bir biitlin halinde degerlendirilir ve tasarima katilir.
20.yy'in ikinci yarisindan itibaren gelisen lamine ahsap kompozit eleman (glulam) tretim teknolojileri, genis
acikhiklr ahgap yapi tasarimini mimkin kilmistir. Bu calismada ¢ubuk agr kabuk sistemler genelinde; 6nemli
bir uygulama alani bulan tek tabakali ahsap kubbeler incelenmektedir. Malzeme, form ve tastyici sistemin
verimliligi, bilinen en genis aciklikli ahsap kubbe 6rnekleri Gizerinden karsilagtirmali olarak irdelenmektedir.
Kubbe maliyetine etki eden parametrelerden biri tasiyici sistemin tipi ve basikligidir, jeodezik sistem ekonomikligi
ile tercih edilmektedir. Birlesimlerin teskil bicimi ve yikleri tasima kapasitesinin yanisira; kubbe ytiklerinin
zemine aktarilma bicimi de 6nemlidir. incelenen drneklerden, yiiklerin payandadan cekme cemberine aktarim
biciminin en uygun ¢6ziim oldugu goériimektedir.

Anahtar Kelimeler: Lamine ahsap kiris, Genis agiklik, Cubuk agi kubbe, Ahsap, DUgim noktasl.

RETICULATED TIMBER DOMES

Abstract

It can be said that the concept of design for the needs of the wide span structure has emerged from the
beginning of the 20™ century. In this approach, the material, form and structural system are evaluated as
a whole and are included in the design. Since the second half of the 20" century, the production of glue
laminated members (glulam) has made possible to design wide span wooden structures. In this study, single-
layer reticulated wooden domes which have an important position in application area are adressed. The
efficiency of the material, form and structural system is investigated on the well known largest-span timber
domes. One of the parameters affecting the cost of the dome is the type and aspect ratio of the structural
system, geodesic system is economically preferred. In addition to the load carrying capacity of nodes and
connections, transferring of the loads on domes to the ground is also important. The load transfer from
buttresses to the tension ring seems the most appropriate solution.

Keywords: Glulam, Large-span, Reticulated dome, Wood, Node.
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1. GiRis

Cubuk agi kabuk sistemler (1zgara kabuk sistemler), cubuk elemanlarin agsi bir diizen olusturdugu, yiizeye
etkiyen yuklerin agsi diizeni olusturan cubuk elemanlar tarafindan tasinarak temele aktarildigi yapilardir.
Bu tlr yapilarin tretiminde kullanilan malzemeler celik, ahsap veya aliminyum olabilmektedir. Cubuk agi
kabuk sistemlerin baslica U tip olusturma teknigi mevcuttur.

[) Digum noktalarinda birbirinin icinden gegen ve tiim yapi boyunca uzanan surekli elemanlara sahip
1zgara sistemler (amorf ahsap 1zgara kabuk sistemler, Sekil 1)

Sekil 1. Amorf formlar (Weald and Downland Museum ve Savill Garden, ingiltere) (Chilton ve Tang, 2017) [1,2]

[) Digim noktalarinda metal birlesim elemanlarina birlesen kisa cubuklar ile teskil edilen sistemler

« Tek tabakali sistemler (Sekil 2): Dis yukler genellikle tali elemanlar ile s6z konusu ¢ubuk elemanlara
aktarilir, tastyici sistemde M,N,T kesit tesirleri olusur.

- ki tabakali sistemler (Sekil 3): Dis yiikler dogrudan diigiim noktalarina aktarilir, bu durumda
genellikle tipik bir kafes sistemde oldugu gibi sadece N sézkonusudur.

Bu calismada tek tabakali ahsap cubuk agi kabuk sistemlerin kubbe tipi incelenecektir. S6z konusu
sistemlerde tipik birlesim modellenmesi ve maliyet karsilastirmasi yapilacaktir.

Sekil 3. Oguni Dome, Japonya, 1988 [4, 5] (Nordstrom ve Orstadius, 2014)
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2. CUBUK AGI KABUK SISTEMLER

2.1 Tarihge

Cubuk agi sistemlerin ortaya cikisi, ahsaptan ilk basit barinaklarin yapimi ile baslamis, kisa diiz cubuklar
birbiri ile kesistirilerek yasanabilir hacimler elde edilmistir (Sekil 4). Lamine kompozit ahsap elemanlarin ise
16.yy dan baslayarak tretildigi gorilmektedir. Da Vinci, dislendirilmis ahsap elemanlarin kamali birlegimlerini
Uretmistir. Philibert de LOrme’nin dogrudan lamine elemanlar ile kamali birlesimli kemer tasarimi, 19.
yy'da Emy’'nin lamine elemanlar ile bulonlu yine kemer formlu tasarimi, genis aciklikl yapilarda lamine
kompozit ahsabin ilk yapisal 6rnekleri olmustur (Sekil 5).

1zgara
destek olarak adac kullanilan ~ destek olarak ahgap gubuklarin  tipik Amerikan ¢adiri yurt yapis|
basit barinak kullanildi§i basit barinak (Teepee) (M.O 600)

Sekil 4. Basit barinak drnekleri

Sekil 5. 16-19.yy doneminde ahsap elemanlarin gelisimi; (a) Da Vinci sistemi (Jasierko ve digerleri, 2011); (b) De
I’Orme sistemi (Misztal, 2017); (c) Emy sistemi (Mongelli, 2006)

Sistemin bugiinkii modern yapim sistemine déntismesinde, lamine ahsap ve celik tretim teknolojilerinin
paralel gelisimi ve yayginlagmasi en énemli etkenlerdir. 19. yy'in ikinci yarisinda celik, ekonomik ve seri
sekilde Uretilmeye basglanmistir. Bu durum, malzemenin ¢ubuk agi kabuklarda uygulanmasina zemin
hazirlamistir. 1874de J.W.Schwedler, paraleller ve meridyenler dogrultusundaki celik cubuklar ve stabiliteyi
arttirmak icin diyagonal yonde cok ince kesitli elemanlar ile hafif ve seffaf kubbe tasarimi (Schwedler
kubbesi) gerceklestirmistir (Sekil 6).
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Tutkal kullanilan ahsap kompozitlerin ilk 6rnekleri Old Rusholme Chapel (Manchester, 1927) ve King
Edward College (Southampton, 1860)dir (Slavid, 2005). 1901'de Almanya'da Otto Hetzer'in kazein tutkali
ile patentini aldigi lamine ahsap kiris (glulam) ise, bu alanda gercek bir gelisme olmustur. iki veya daha

fazla sayida ahsap katmani, kazein bazli yapistiricilar ile birlestirilerek genis aciklikli kemerler tasarlanmis,
40 m'ye kadar ahsap kompozit elemanlar tretilmistir.

(d)

Sekil 6. (a) 12 m ylksekliginde ve 54 m capinda Fichte-Bunker, Berlin, 1874 (Kurrer, 2018)
(b) Kubbe basing cemberi [6]
(c) GUnUmuizdeki gorinimu [7]
(d) Schwedler kubbe (Kurrer, 2018)

Ahsap cubuk agi sistemlerin ilk uygulamasi; mevcut yapilara dnemli yiik getirmeden yasam alanlarini
genisletmek amacina yonelik olarak, F. Zollinger'in gelistirdigi ve patentini aldigi (1910) hafif, 6n Gretimli
Lamella sistem'de hayat bulmustur (Sekil 7a). Lamella sistem giiniimiizde de yaygin sekilde uygulanmaktadir
(Sekil 1,7b).

Neme dayanikli, nitelikli sentetik tutkallar ile Gretilen ahsap cubuk agr kabuklar icin, 1931'de Kaurit'in
sentetik recine esasl (lre- ve fenol- formaldehit)' tutkali ticari kullanima sunmasi 6nci bir gelisme
olmustur, ekonomik ama neme dayaniksiz kazein tutkallarin yerini almistir. 2.Dilinya Savasi sirasinda
phenol-resorsinol-formaldehit (PRF) tutkallarin kullanima sunulmasi ile glinimiiziin glulam elemanlarinin
Uretimi baslamistir.

1 Sozkonusu sentetik recineler tizerine arastirmalar; Aimanya'da A.V Baeyer (1872)'in fenol-formaldehit Gizerine, Goldschmidt (1896)in tire-fomaldehit
lizerine calismalari ile baglamistir (Kollmann ve digerleri,1975).
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) (b)

Sekil 7. (a) Zollinger'in lamella sistem uygulamasi, Merseburg, 1922 ve diigiim noktasi [8],
(b) Ginimuizden bir lamella silindirik kabuk uygulamasi [5]

1922de, ilk defa Alman miihendis W. Bauersfeld tarafindan tasarlanan Jeodezik kubbe sistemi (Sekil 8),
1954 yilinda B. Fuller tarafindan yeniden, ancak iki tabakali kafes sistem olarak tasarlanmistir (Sekil 9). Daha
sonraki donemde gelistirilerek tek tabakali jeodezik kubbe giiniimiiz formunu almistir.

Sekil 8. (a) Tek tabakali cubuk agi kubbe 6rnegi; 82 m capinda Zeiss Planetarium yapisl, Jena,
Almanya, 1922 [9] ; (b) diigiim noktasi (Aondio,2014); (c) gliniimiizden goriinim [10]

(a (b)

Sekil 9. (a) Biosphére, American Pavilion Expo 67, Kanada, 1967 [11];
(b) iki tabakali cubuk agi (uzay kafes) kubbe ve diigiim noktasi [12]
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2.2 Modern Tek Tabakali Cubuk Agi Sistemler ve Ahsap Kubbelerin Gelisimi

1950'lerde Dr.Kiewitt, Zollinger'in lamella sisteminden esinlenerek, kendi ismi ile anilan Kiewitt kubbesini
(Diamatic kubbe) tasarlamistir. Houston Astrodome (1965) bu tasarimin sonucudur, 217 m agikligi ile diinyanin
en buiyuk celik kubbelerinden biridir. Glinlim{iziin modern diigiim noktalarinin hentiz gelistirilmemis olmasi
ve gecilen agikhdin ¢cok bliyiik olmasi gibi nedenler ile kirisler, 150 cn'lik diizlem kafes kiris (Bass, 1965)
formunda tasarlanmigstir (Sekil 10), yapinin modern tek tabakali uygulamalara éncii oldugu séylenebilir.

Sekil 10. (a) 217 m aciklikli Kiewitt kubbe Astrodome, Houston, A.B.D, 1965 [13]; (b) kafesler ve mesnet birlesimleri
[14]; (c) Kiewitt kubbe goriinima (Yan ve digerleri, 2016)

2.Diinya Savasi sonrasi, tutkal ve lamine kompozit ahsap eleman Gretim teknolojilerindeki gelismelerin
sonucunda; tek tabakali ahsap kubbelerin uygulamasi ilk olarak 1950'li yillarda A.B.D'de ortaya ¢cikmistir
(Brick Breeden Fieldhouse, 1957). Ancak en ekonomik sonug veren kubbe tipi olan jeodezik kubbe (Varax
kubbe ismi ile), kesit tesirleri icin yeterli rijitligi saglayan metalik digim noktasi tasariminin gelistirilmesi
ile 1970’lerden itibaren uygulama alanina girmistir. Jeodezik kubbenin rijitligi; Kiewitt kubbe ile ayni olup,
Schwedler kubbenin 20 katidir (Jorissen, 1989), ortaya cikan i¢ kuvvetler de jeodezik kubbe durumunda
digerlerine kiyasla en disiik olmaktadir.

Cubuk agdi kubbelerde genel olarak; ytikseklik/aciklik orani (h/D) azaldikga, yapinin yanal yondeki itkisi
dolayisiyla yanal dogrultuda mesnetlenme ihtiyaci ve artan i¢ kuvvetler ile birlikte burkulma egilimi artar,
boylece yapinin rijitligini saglamak icin tastyici sistem maliyeti artar. Burkulma egilimindeki arti, h/D'nin artisi
durumunda da s6zkonusu olur. Literattirde h/d = 0.23-0.38 araliginin kullanilabilir ve 0.29'un ideal oldugu
(Pan ve Girhammar, 2002), 0.16'nin ise kabul edilebilir sinir durum oldugu belirtilmektedir (Fredriksson
ve Herrstrom 2017). Lamella ve diamatic kubbe karsilastirildiginda h/D optimum oraninin, lamella kubbe
icin 0.25, diamatic kubbe icin 0.30 oldugu gorilmektedir (Nahar ve Aleyas, 2017).

Cubuk agi kubbe sistemlerin uygulamalarinda, kubbeden zemine aktarilacak ¢cekme kuvveti, cekme
¢emberi tarafindan alinir. Kubbelerde karsilasilan iki tip mesnetlenme durumu Sekil 11'de verilmistir.
Payandaya mesnetleme durumunun, hem ekonomik tasarim hem de artan kullanilabilir alan nedeniyle
daha cok tercih edildigi gorilmektedir. Payandalar; betonarme ve siklikla ardgermeli betondan yapilan
¢ekme cemberine birlesir, Walkup Skydome (1977) ve Round Valley Ensphere (1991) bu tip uygulamaya
ornek verilebilir. Kolonlara birlesme durumunda ise cekme ¢emberi, kubbenin kolonlara birlestigi yerde
diizenlenir, Tacoma Dome (1983) bu tipte diizenlenmistir. Kubbe basikligr arttik¢a, payanda uygulamasi
daha ekonomik sonug verir.



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

kubbe

s

s —

l —+— disey tasiyic

¢ekme ¢emberi

ld=temel PeaS

T gemberi

Sekil 11. Kubbenin tipik mesnetlenme bicimleri (Segal ve Adriaenssens, 2013)

Tek tabakali ahsap cubuk agi kubbeler; metalik olarak altigen/silindirik formlu diigiim noktalarina karsilikh
alti farkh yerden 60° lik aci ile birlesen kisa ahsap cubuk elemanlar ile teskil edilir. S6zkonusu elemanlar;
siklikla Douglas koknari, ladin, Gliney Saricami gibi ibreli (igne yaprakl) yumusak agaclardan Gretilmis
glulam tarzi tutkalli lamine kompozit elemanlardir, tabaka kalinliklari genellikle 3.8 cm (1-1/2 in) alinmaktadir.
Digim noktalari, tek tabakali cubuk adi sistemlerden beklendigi tizere, tiim kesit tesirlerini taslyacak ve
aktaracak ozellikte tasarlanir. Birlesimin bulonlu olmasi uygulama kolaylgi saglar. A.B.D'de 1970’ lerden
itibaren kullanilmis olan altigen diigiim noktasi tipi bu calismada modellenerek Sekil 12'de verilmistir.

ankraj bulonlari

berkitme levhasi

glulam
elemanlar

basliklar

yatay plakalar

bulonlar

altigen planh merkezi eleman

(@) (b)

Sekil 12. Tek tabakali ahsap cubuk agi sistemde (a) diigiim noktasi sematik gosterimi
(b) Kurulum safhalari
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Tek tabakall kubbe sistemlerin montaji iki sekilde gerceklestirilebilir:

« Zemin seviyesinde olusturulan ticgen birimlerin sistem Uzerindeki koordinatlarina uygun olarak
ving ile oturtulmasi,

«  Zemin seviyesinde tiggenlerden olusturulan bloklarin hidrolik krikolar yardimiyla kaldirlarak kubbe
lzerine yerlestirilmesi.

Tek tabakall kubbelerde ilk yontem ¢ok kullanilmustir.
3. TEK TABAKALI AHSAP KUBBELER VE SAYISAL KARSILASTIRMALAR

Bu calismada, tek tabakali ahsap kubbe sistemlerin genis aciklikli bes uygulama 6rnegi (Misztal, 2017;
Verbout, 1991; Marshall, 1977) ve [15-21] kaynaklarindan yararlanilarak, karakteristik 6zellikleri ile Tablo
1'de incelenmistir. Yapilarin yapildiklari yildaki maliyetleri, homojen bir karsilastirma igin, 2018 yili US$
kuruna glincellenerek [22] verilmistir. Takiben, bu yapilar ile ilgili sayisal karsilastirmalar yapilmaktadir.
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Siire:

Tablo 1'deki ahsap kubbelerde, yerde hazirlanan tiggen birimlerin ving ile kurulmasi yontemi izlenmistir. Ancak
ornegin, diinyanin en genis aciklikl celik kubbelerinden biri olan Nagoya Dome (D:187 m, 1997)da hidrolik
kriko ile blok blok kaldirma yolu izlenmistir, bu yontemin insaat siiresini alti ay kisalttigi belirtilmektedir
(Miyazaki ve digerleri, 1996). Bdylece, bir ayda ahsap kubbelerde ~3000 m? alan kapatilirken, sézkonusu
celik kubbede de benzer rakamin yakalandigi gérilmektedir.

Maliyet:

Ahsap kubbelerin kolonlara mesnetlenme bicimleri maliyeti etkileyen 6nemli bir unsurdur. Tablo 1'deki
yapilarin karsilastirmasinda, cekme cemberinin kolon Gstlinde tasarlandigi kubbelerde (Tacoma Dome,
1983; Enel Dome, 2015), 2018'e giincellenmis maliyet 4700-5400 $/m?yi bulurken, kubbenin ~1.5 m lik
payandadan dogrudan ¢cekme ¢emberine birlesmesi durumunda (Walkup Skydome, 1977; Round Valley
Ensphere, 1991; Superior Dome, 1991) maliyet 1100-2100 $/m? seviyesinde kalmaktadir (Sekil 13), en
ekonomik sistemdir.

MALIYET KARSILASTIRMASI

2015 [ eeoa usol W Enel Dome,
Italya
1991 1154 USD Round Valley
Ensphere, ABD
| S ier D i
1991 2105 UsSD Até%ericr ome
@ Tacoma Dome
1953 A EUS AgBD
B Walkup Skydome,
1977 SRS
0 i 2 3 4 =) 6
x 1000 US $/m?
Sekil 13 Tablo 1'deki tek tabakali ahsap kubbelerin m? maliyet karsilastirmasi
Diger:

Ahsap yapilarda, %12 dizeyine kadar kurutulmus lamine elemanlarin kullaniimasi, ahsabin dayaniklihg
acisidan 6nemli bir faktérdir. Ahsap yapinin yangin dayanimi agisindan, hig bir boyutu 8 cm’in altinda
olmamak kosulu ile, projede istenen yangin dayanimi stiresince diisiik komdarlesme kalinliginin, tasarim
asamasinda taslyici sistem icin gerekli kesit boyutlarina ilave edilmesi yeterli olmaktadir. Diger taraftan
celik yapllar icin, hem yangin hem de korozyon dayanimi agisindan dikkatle 6n islemler gereklidir.
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Ahsap kubbelerin i¢c kaplamalari da ahsap olmakta, ayrica dogal aydinlatma agisindan seffaf uygulama da
yapilabilmektedir (Tablo1, Round Valley Ensphere, 1991). Isi yalitimi 6zelligi nedeni ile ahsap, 6zelllikle soguk
iklimde ve/veya buz sporlar merkezlerinde ¢ok kullanilan bir tastyici sistem malzemesi haline gelmistir.

3. SONUGLAR VE ONERILER
Bu calismada incelenen konulardan asagidaki sonuglara ulagilmistir.

. Incelenen drnekler bazinda tek tabakali ahsap kubbelerde yiikseklik/aciklik oraninin 0.17-0.28
araliginda oldugu gorilmektedir, kubbelerde en ekonomik tasarimi saglayan jeodezik form
uygulanmaktadir.

«  Kubbeden payandaya oradan da zeminde ¢ekme ¢emberine yapilan birlesimler, yapinin en
ekonomik sekilde ¢oziimlenmesine imkan saglamaktadir. Cekme ¢cemberinde genellikle ard germe
uygulamasi mevcuttur.

« Dunyanin halen en genis aciklikl ahsap kubbesi Superior Dome (163 m)dur. Ahsap, genis aciklikta
celige alternatif bir malzemedir. Ayrica ahsap, 6zellikle soguk iklim kosullarinda ve/veya buz sporlari
s0zkonusu oldugunda, yapinin hizmet 6mri boyunca isitma giderleri agisindan oldukg¢a ekonomik
olmaktadir.

+ Tek tabakali sistemlerin blok blok kriko ile montaji, tiggen birim halinde yerinde montaja gore cok
daha ekonomik sonug vermektedir.

«  Genisligi 20 cm, istenen mekanik karakteristikleri saglayacak sekilde ~4 cm lik tabakalardan
ylksekligi genellikle 60-120 cm araligindaki glulam elemanlardan olusan ahsap kubbelerin yangin
dayanimi korunmasiz celige kiyasla cok ytiksektir. Diinyada ahsap genis aciklikli yapilarin sigorta
giderlerinin celik olanlara kiyasla ekonomik olmasi da genis agiklikta ahsabin tercih edilmesinin
diger bir nedenidir.

« Tirkiye'de ahsabin; yangin dayanimi, hafiflik, i1si yalitimi avantajlar ve nefes alabilirlik agisindan
daha yaygin kullanimi bir gerekliliktir. Endistriyel ormanciligin gelistirilerek; yerel ve sertifikali cam
grubu agaclarin ekonomik bicimde yapi tretimine kazandirilmasi gereklidir.
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Abstract

We propose a tight binding model for the quantum spin Hall system on triangular optical lattice and we
determined the edge state spectrum which contains gap traversing states as the hallmark of Z , topological
insulator. The advantage of this system is the possibility of implementing it in the fermionic ultracold atomic
system whose nearly free electron limit is proposed by B. Beri and N. R. Cooper, Phys. Rev. Lett. 107, 145301
(2011).

Keywords: Ultra cold atom, Topological insulator, Tight binding model, Quantum mechanics, Optical lattice.

UCGEN OPTiK ORGUDE KUANTUM SPiN HALL ETKisi iCiN SIKI-BAG MODELI

0z
Bu makelede, licgen 6rgli Gizerinde kuantum spin Hall sistemi icin bir siki-bag modeli 6nermekte ve Z2
topolojik yalitkaninin ayirt edici 6zelligi olan bosluk gecis durumlarini da iceren kenar durum spektrumunu

incelemekteyiz. Bu sistemin avantaji, serbest elektron siniri B. Beri ve N. R. Cooper tarafindan verilen (Phys.
Rev. Lett. 107, 145301, 2011) fermiyonik asin soguk atomik sistemlerde de incelenme imkaninin olmasidir.

Anahtar Kelimeler: Asiri soguk atomik sistemler, Topolojik yalitkan, Bir siki-bag modeli, Kuantum mekanigi,
Optik orgii.
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1. INTRODUCTION

Topological insulators (Tls) are insulating in the bulk but have metallic states on their boundaries [Hasan
and Kane (2010), Zhang (2011)]. Robustness of these states against disorder and perturbations makes them
promising for applications such as spintronics [ Moore J. E. (2010)] and topological quantum computation
[Nayak et al. (2008)]. Topological invariants of the bulk material are essential for the robust boundary modes.
This urged consideration of topological insulators on different lattice geometries [ Hu, Kargarian, and Fiete
(2011), Weeks and Franz (2010), Guo and Franz (2009a), Guo and Franz (2009b), Kane, Fu and Mele (2007)].

It is widely acknowledged that the cold atomic systems are ideal systems to simulate solid-state phenomena
in a controlled way. The two and three dimensional topological insulators with band gaps in the order
of the recoil energy have recently been proposed in ultracold fermionic atomic gases [Beri and Cooper
(2011)]. The proposal utilizes interactions which preserves time reversal symmetry (TRS), analogous to
synthesized spin-orbit coupling [Lin, Jimenez-Garcia and Spielman (2011)], so that the insulators are
classified by the so-called Z2 topological invariant [Fu and Kane (2006)].

Even if the band gap in tight binding models are not as large as in nearly free electron limit, Tls in ultra-
cold atomic systems have been studied vastly in tight binding regime [Juzelians, Ruseckas and Dalibard
(2010), Goldman et al. (2010)]. The optical lattices are described by continuous potentials formed by
the combinations of standing waves. It is convenient to treat them as deep potentials. Our aim in this
article is to propose a tight binding model for the quantum spin Hall effect which can be realized in the
ultracold atomic systems. The corresponding model in the nearly free electron limit is proposed by Beri
and Cooper [Beri and Cooper (2011)] with this advantage that the band gap is large. We also determine
the band structure of the edge state which exhibits the hallmark of Tls due to its robustness against all
perturbations that preserve the TRS. In the Sec. Il of this paper we propose the tight binding model for
quantum spin Hall (QSH) system in the triangular optical lattice. In Sec. lll we briefly review the proposal
of Z2 topological insulator in ultracold atomic gases [Beri and Cooper (2011)]. We conclude in Sec. IV.

2. TIGHT BINDING MODEL
2.1 Bulk band structure

The charge quantum Hall effect depends on the breaking of time-reversal symmetry and it has been
shown that even in the absence of average non-zero external magnetic field the quantum Hall effect can
be created [Haldane (1988)]. However, in the QSH effect one needs to preserve the time reversal invariance.
Among the first models proposed for dissipationless QSH effect are the works by Bernevig and Zhang
(2006) and by Kane and Mele (2005), where the authors used the spin-orbit coupling such that the two-
different spin direction experiences the same magnetic field strength but with opposite sign. In other
words, their system were two copies of a quantum Hall system for each spin where the total first Chern
number adds up to zero and the system is time reversal invariant.

Physically our model corresponds to the same scenario. We propose a Hamiltonian for a fermion on
triangular lattice Fig. 1 with a mirror symmetric spin orbit coupling as:
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wheregp = p/qisfluxperplaquetteandwetakep = 1landg = 4inthispaperC, . = (€ nts C,,,.J,,L]T

and C,, Tare annihilation and creation operators on site (m, n) respectively. We take the hopping parameter
t = 1throughout this paper. The first term is nearest neighbor hopping term on the triangular lattice
withal = (3/41/4)aandaz = (0,1/2)a, where a is the lattice constant (see Fig. 1). The
second and third terms are mirror symmetric spin-orbit interaction. oz is the Pauli matrix. In the absence
of spin this Hamiltonian implies that electron acquires ¢ = 1/4 of flux quantum enclosing the elementary
plaquette of the triangular lattice.

—

k

-7 g

Figure 1. The light points and dashed lines show the lattice sites of the atoms and the hopping directions in the
triangular lattice respectively, and the dark points and lines are the corresponding Brillouin zone sites and vectors
respectively.

To calculate the band structure, we take the Fourier transform of the Hamiltonian Eq. (1). We use the
momentum representation of fermionic operator

— ik-R
Ch - Z m.n e’ " nc?m?!’ (2)
where Ry n = mal + na2.We obtain the energy dispersion in triangular lattice by solving the
determinant for the eigenvalues &,
—A—e B+IiC 1] 0
E—il A—e¢ ] ]
Det =10,
=l o 0 A—e B-—iC ®)
0 0 E+iC —A—e¢

where A, B and C are defined to be:
A = cos(k,a/2),
B = cos; (V3k, 1 k),
€= cos; (V3k,— k).
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To solve Eq. (3), we used a 2D grid for the k-space. Fig. 2a shows the band structure of the Eq. (3) for a
cell with specific k points as its corners taken to be (k1 + k2)/2,k1/2,0,k2/2,as shown in the
inset. These points are the TRS invariant points in the Brillouin zone Since each of the two blocks of the
Eq. (3) corresponds to two-fold spin degenerate bands, each band of the Fig. 2a is four-fold degenerate.

1.5
1
n
(@)
[a)]
0.5
B a0 00 ©n ) = ol Bh ! 2

Figure 2. Left (a): The band structure of the Hamiltonian Eq. (1) along the path (1,1), (1,0), (0,0), (0,1) where 1 and
0 are referring to the inset (m,n) in Iy, ,, = (imk; + nk.}, which are the TRS invariant points in Brillouin zone.
Right (b): The DOS for all the energy bands is shown where the horizontal axis is the energy.

We also calculated the density of states (DOS) for the Hamiltonian in Eq. (3). This quantity is defined by
the expression:

p(E) =33, 8(E~E,), (5

where A is the area of the system in reciprocal space and En is the energy of the bands. In Fig. 2b the
DOS is depicted for all the energy bands.

2.2 Edge-state band structure

The characteristic of the Z2 topological insulator is the gapless edge states. They describe two spin currents
at the edge, propagating in opposite direction. This property is because of the time-reversal symmetry and
it prevents the gap opening due to any TR invariant perturbation as the result of the Kramer's theorem
[Kane and Mele (2005)].

We follow the method in Ref. [Hatsugai (1993)] to find the energy dispersion of the edge states. The
Hamiltonian Eqg. (1), must be reduced to a one-dimensional problem. We take the y direction as the
periodic part and we use the momentum representation as:

1 i1
= ? ..m._-."! T
C.‘."...". T, “k, ey C.‘.". [K_'.'}' (6)

J{E-ﬁ! — 2mn ¥

where
2 Lo

.y = 1,...isthe system size along y direction. By inserting the single particle state
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1®(k,)) = Z,. | ¥ (k,) (K, )10) 7)

into the Schrédinger equation H |#} = E|¥}, the spin up part of the problem is reduced to the one-
dimensional problem with parameter ky as:

G, — G¥,,_, —2cos ("2~ amgm)¥,, = EY,,. (®)

where G = 1 4 g~ H~kypa/2¥md (Zm+1)) |0y ding the spin down as well, this equation can be written
as a generalized Harper equation [Harper (1955)] in transfer matrix form:

¥osar(ky) Yt (k)

ili!J.'.".T(':{_‘.':I =M ]10_1_11_—11‘[':{_'.':' ©)
ily.'.‘! +11 U{:I - ]1'5_1.". 1 Ek) I
 Fmi(ky) Wm-11(ky)

where M is the transfer matrix, which is given by:

F &
& G 0
M= Lo oo (10)
0 & ¢
1 0
with
( Fya $i2 +1}x|
=t —— @ Im ] .
G'=1—¢ : f,F=—e—2cos(E{—ﬁ—4rrqu)md Fl=—€e+

2cos(k,a/2 — 4mgpm).

Under the boundary condition that the wavefunction goes to zero at the boundaries of lattice we can
solve this equation. The band structure along the path kya = 0 — 2 is shown in the Fig. 3. We used
100 k-points along ky direction. The shaded area is the bulk band and the gap traversing edge states as
the signature of Z2 topological insulator are plotted as the solid line. Since the TRS is preserved no TR
symmetric perturbation can open the gap at kya = .
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0 T 21
k,a

Figure 3. The spectrum of the edges of triangular lattice. The shaded area is lowest energy bands for the

triangular lattice (for uniform spacing of -4 V3 « oo = %fu@).The solid lines show the spin polarized
edge sate band, traversing the gap. The edge states cross at

3. COLD ATOMIC SYSTEM

In this section, we review briefly the Z2 topological insulator model proposed by Beri and Cooper (2011).
This model is studied in nearly free electron limit which has the advantage of large band gap.

The Hamiltonian which describes an atom with position r and momentum p and with N internal states
is given by

-1

H= 14+VM(;] (1)

2
Im
where VM (1) is a position dependent potential. To have a system with low spontaneous emission one
can use ytterbium (Yb) which has long-lived excited state. The two internal states, ground state (150 =
g) and long-lived excited state (3p0 = e) of Yb have spin degree of freedom which leads to four states.
Another interesting aspect of Yb is the existence of a state dependent scalar potential for Amagic with
opposite sign £V g (7). Therefore, we can write the potential part of Hamiltonian when we have
external electricfieldas E = ge™*“F + £*e ™' with complex amplitude € and frequency w. All four
e-g transitions have the same frequency w@ = (Ee — Eg),/h.Using rotating wave approximation
[Cohen-Tannoudji, Dupont-Roc, and Grynberg (1992)] we have the optical potential as following:

—- =
f o [GA+VL  —ic.ed,
VM(r)= .

(12)
ig.ed,  —(C4+Vy)
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where A = @ — w() is the atom-field detuning and dr is the dipole moment. One can write the
Hamiltonian in terms of Dirac matrices [Murakami, Nagaosa, and Zhang (2003)]:

r'*** = g o'\ Ir*=c*@1andrr’=e* @1, (13)

which gives:

i
i/

H=2"1+Tde +I%(2a+7,), (14)

For the two-dimensional system one can make following choice for the potential matrix Eq. (12):

d e = [V, Veos(r.k,),Veos(r.k,)],
- IR (15)
EA+v, () = Veos(r. (k, + k1))

with k1 = k (1,0,0) and k2 = k(cos(6), sin(8),0) . The optical potential in Eq. (17) is
formed from three standing waves which are linear polarized light at the coupling frequency w. Two
of these waves have equal amplitude in the 2D plane (k1 for y polarization and k2 for z polarization)
the x-polarized wave vector is normal to the 2D plane with an amplitude smaller by a factor of &. Since
the Z w(, we have k = 2w /AQ with AQ = 578 nm the wavelength of the e-g transition. The
spatial dependence of Vam is set by a standing wave at the antimagic wavelength Agm [Gerbier and
Dalibard (2010)], which creates a state-dependent potential with |fe1 + k2| = 4w /Algmthatleads
8 = 2 arccos(LA0/Aam).Forsimplicity, in all following discussions one canfix @ = 2m/3and
definea = 4m/ (\."'Ekj Therefore the optical coupling M" has the symmetry of a triangular lattice. In Fig.
4a we show the few lowest energy bands for 6 = 0. The bands were calculated by numerical diagonalization
in the plane wave basis (49 plane waves are used). All bands are fourfold degenerate like tight binding
regime. The relation of this system to the tight binding model given in previous section becomes clearer

as one applies the unitary transformation U = (1 — iE,&,)//2 to the coupling M in Eq. (12):
M =UMU =¢,%, + c,5,0, + ¢,,5; (16)

here £, = 0. @ 1,., ,¢; = cos(r - k) and ¢;;, = cos(r- (k; + k,)) . This matrix is 2x2
block diagonal matrix for each eigenvalue of 63 ( since the kinetic part is diagonal this is the case for
the Hamiltonian as well) thus the four-level system decouples into two two level system each of which
experiences an effective magnetic field due to the optical dressed state of the €, %, + ¢,%, + ¢,,%,

[Cooper (2011)]. This means that opposite spin direction undergoes an effective magnetic field of the
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same strength but with opposite signs. Beside the lowest band energy of these systems have £1 Chern
number which they cancel out each other because of the time-reversal symmetry. These are the required

criteria for the quantum spin Hall effect.

To make the connection to the previous section we consider the adiabatic limit V' => hk 2 / 2M [Jaksch
and P. Zoller (2005)] when the potential part of the Hamiltonian Eq. (11) plays the dominant role. To find
the minima of the adiabatic energy which gives the lattice sites in tight binding regime [Jaksch et al.
(1998)] we diagonalized the potential in Eq. (16) analytically and obtained:

—
V,g= tyei +¢5 +ep, (17)

Lol
as plotted in Fig. 5.

Now if we ignore the spin here, the effective magnetic field strength experienced by the neutral atom
following the adiabatic path is equivalent to the 1/4 of a flux quantum that a charged particle acquires
enclosing the elementary plaquette of the triangular lattice in tight binding limit [Ashcroft and Mermin
(1976)]. This is equivalent to the Hamiltonian Eq. (1) proposed in this paper without spin. Therefore, tight
binding limit of the ultra-cold atomic system of Ref. [Beri and Cooper (2011)] is given in Eq. (1) and the
hopping parameter t is related to the potential scale of optical coupling V based on the formalism in
[Jaksch, et al. (1998)]. The difference is in the (0, 0) point in k-space where the upper band of cold atom
limit has a sharper peak Fig. 4a than the tight binding upper band Fig. 2a. This can be understood as the
characteristic behavior of the energy levels of free electron which are just a parabola in k (momentum),
by getting distorted due to a periodic potential [Ashcroft and Mermin (1976)].

As the potential becomes stronger the energy dispersion resembles the tight binding regime Fig. 4b. The
DOS for the nearly free electron limit is also depicted in Fig. 4c which shows that states are distributed
around the two energy bands across the gap asymmetrically due to the asymmetrically located van Hove
singularities of the upper and lower bands in contrast to that of tight binding case in Fig. 2b. Finally, we
note that realization of QSH models in Eq. (1) and Eq. (11) does not require any spin flipping interactions
and thus does not need any additional cooling mechanism [Kennedy et al. (2013)].

0.6
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Figure 4. Top Left(a): Lowest energy bands of the cold atom system in nearly free electron limit as the result of the
solution (a). Lowest energy bands of the cold atom system in nearly free electron limit as the result of the solution
of Eq. (14). The energy is plotted relative to recoil energy E;.Here ¥V = (.3E; and & = 0 are shown here.The
k-points are labeled as I",,,,, = (mkl + nk2)}/2 and each band is four-fold degenerate.
Bottom left (b): Energy bands for the potential ¥ = 3.3E; which resembles the band structure of tight
binding regime Fig. 2a.
Right (c): DOS of the energy bands in Fig. 2a which are depicted in the band structure is shown. Energy is
expressed in the unit of Ej.
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Figure 5. The dark circles show the local minima of the adiabatic energy which forms a triangular lattice in the
tight binding limit.

e\ s\ e

b
-

4. CONCLUSION

Summarizing, we considered the quantum spin Hall effect on the triangular lattice in the tight binding
limit and we proposed that this can be realized in the ultra-cold atomic system. We studied the edge
state band structure which reveals the Z2. The nearly free electron limit of the system we proposed here
is introduced as Z2 topological insulator in Ref. [Beri and Cooper (2011)].
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Abstract

In this study, it is aimed to investigate and perform the static structural and natural frequency analysis of the
mini spider crane which is designed to lift 0-500 kg load and 0-3 meters extend range, by using computational
mechanics software. The crane works and driven by hydraulic system and in order to get the more realistic
result, hydraulic cylinders modeled as springs instead of stiff rigid bodies in the analysis. This simulation
approach provides a different method than the conventional method. Detailed analysis show that the spider
crane statically can lift 1200 kg before the plastic region, so its safety factor is 2.4 when it is lifting 500 kg and
its natural frequencies are 16.2 Hz and 50 Hz.

Keywords: Spider Crane, Static Analysis, Hydraulics, Finite Elements, Computational Mechanics, Design.

HESAPLAMALI MEKANIK YAZILIMIYLA ORUMCEK ViNCiN STATiK MUKAVEMET VE
HARMONIK TiTRESIM ANALIZLERININ YAPILMASI

0z

Bu calismada, 0-3 metreden 0-500 kg yiik kaldirmak tizere tasarlanmis bir mini 6riimcek vincin statik
yapisal ve dogal frekans analizlerinin arastirilmasi ve hesaplamali mekanik yazilimi kullanilarak uygulanmasi
hedeflenmistir. Hidrolik sistemle ¢alisan ve tahrik edilen vincin hidrolik silindirleri daha gercekgi bir sonug
almak icin kati bir cisim yerine yay olarak modellenmistir. Bu simiilasyon yaklasimi geleneksel metoda gore
farkli bir metot saglamaktadir. Detayl analizler sonucunda, 6riimcek vincin plastik bolgeye ge¢meden en

fazla 1200 kg yUk kaldirabilecegi yani 500 kg ytkte iken givenlik katsayisinin 2.4 oldugu, dogal frekansinin
ise 16.2 Hz ve 50Hz oldugu saptanmistir.

Anahtar Kelimeler: Oriimcek Ving, Statik Analiz, Hidrolik, Sonlu Elemanlar, Hesaplamali Mekanik, Tasarim.
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1. INTRODUCTION

Engineering software programs are developing every day and they provide to design, analysis and
manufacture complex machines and structures. Also, thanks to Finite Element Methods, complex
mathematical problems can be solved in a short time by the computers and it provides us to model,
simulate and analyze the mechanical system on the computer by using minimum material and sources.

In this study, a mini spider crane was modeled and analyzed under the different loading conditions and
maximum load capacity has been obtained with a realistic approach by using ANSYS software. Furthermore,
natural frequency of the crane was obtained to avoid resonance failures by using modal and harmonic
response analysis. In order to get the realistic results, hydraulic cylinders modeled as springs because
as Drexler indicates that hydraulic oil is compressing under the high pressure and acting like a spring
instead of transmitting the force directly like a rigid body and also damping the vibration (Drexler et al,,
1988; Sochacki and Bold, 2016; Bold et al., 2018).

Computational engineering software programs also provide us to realize the weak and strong parts of
the design before the manufacturing phase so that we can re-design and make the necessary changes
to obtain an optimum model as made in this study as well.

Another advantage of the software is that it allows us to change the input variables like loading forces and
it calculates the outputs such as total stress and deformation values parametrically, so solution envelope
of the model could be obtained easily.

2. RESEARCH OBJECT AND MATERIAL

The Spider Crane which used for analysis was designed for“Design and Manufacture of Mini Spider Crane”
project by using Autodesk Fusion 360 CAD program. The Crane is designed to carry 500 kg load when
the maximum extend is 3 meters and It has 3 booms which one of them is knuckle and another one
is telescopic. The booms are made up of Domex700, high strength low alloy steel, with 700 MPa yield
strength and 210 GPa Young’s modulus (Ahmad, 2011).

The main parts of the spider crane can be seen in Figure 1 as booms, chassis, slewing drive, outriggers,
solid tires and hydraulic cylinders. Also, the booms and the cylinders can be seen with their numbers in
Figure 2 and general dimensions of the spider crane can be found in Figure 3.
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Figure 1. Isometric view of the spider crane.
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Figure 2. Booms of the Spider Crane.
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Figure 3. General dimensions of the spider crane.

3. STATIC STRUCTURAL ANALYSIS

The steps of the static structural analysis can be divided into these parts such as selecting the material,
choosing the connection and/or joint types, if more than one body exist in the analysis, meshing the
bodies and finally setting the conditions of the analysis which is obtaining that from where the structure
will be fixed and from where the force is applied.

3.1 Static Analysis For Booms:
3.1.1 Choosing the Joint and Connection Types Between the Bodies of the Model

Choosing accurate joint/connection type is very crucial step for the static structural analysis. For example,
when the connection type between the booms are “bonded” (acts like a rigid body) instead of the
“revolute” joint, very high stress results occurred around the joint elements (ANSYS Inc., 2013). In order
to obtain the more realistic results, joints and connections were chosen as seen in Figures 4-7. Figure 4
shows the frictionless connection between the first boom and body and revolute joint between the first
boom and the shaft because the first boom is turning around the shaft. Figure 5 and 6 show the revolute
joints around the shafts as well. Figure 7 shows the telescopic connection as translational joint between
the second and third booms.
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Figure 4. Frictionless connection between walls of the first boom and body (Left), Revolute joint between the first
boom and shaft at the body (right).

> Statc Soructural> Soution

Figure 5. Revolute joint between the second boom and shaft at the first boom (left), Revolute joint between the
support parts which connects the first and the second booms and the connection shaft between them (right).
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Figure 6. Translational joint between the second and third booms.
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Figure 7. Revolute joint between the support parts, second cylinder connection part and shaft between second
and third booms.
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3.1.2 Setting the Conditions of the Static Structural Analysis

Figure 8. Static structural of the model.

First of all, the model has to be fixed in the space that is why booms are fix supported at point A which
is a connection surface between the body and the chassis as seen in Figure 8. Secondly, downward load
applied from the holes at the end of the third boom which can be seen in Figure 8 at point B as 5000 N
load. Also, Standard Earth Gravity accounted into the analysis to calculate booms’ own weight as well.

3.1.3 Von Misses Stress Distribution Results

The Maximum Stress will be occurred when the crane is working at zero degree, where it is the farthest
point and therefore, the moment will be the maximum. Results of the analysis seen in Figure 9 show
that while 5000 N load applied at the end of the third boom, the maximum stress occurred around the
shaft between the first boom and the body as 328 MPa, which means approximately half of the 700 MPa
Yield strength and the factor of safety is equal to 2.1. Also note that, the crane is tested with 500 kg load
but for continuous work it will be better to use with 250-300 kg load so, safety factor will be 3-3.5 for
continuous working conditions.

8,1123e-10 Min

Figure 9. Von misses stress distribution because of 500kg load.
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3.1.4 Total Deformation Results

We could obtain the amount of the elongation from the deformation results. Three important point can
be drawn from Figure 10, first cylinder is compressed almost as calculated as in the “modelling a hydraulic
cylinder as a spring”. There is around 60 mm difference between the connections of the third cylinder. It
shows relatively high deformation on the third cylinder, in order to avoid from bending situation, some
hydraulic oil can be kept in front of the piston.

B AU~

Figure 10. Total deformation because of 500 kg load.

| P1-Load ~ | P2- Equivalent Stress Maximum ~ | P3 - Total Deformation Maximum =
M ;I MPa mm
-5000 328,06 124,67
-3000 218,96 80,399
-2500 191,76 69,33
-8000 489,21 191,04
-12000 699,43 279,5
Bl Farameter Chart 2 X
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0,3 o
0,4
— |05 o
=
— |06
5
=]
= 0,7
o
S |08 o
-
~ |-0,9
o
-1
1,1
1.2 o
o 200 300 400 500 600 700
P2 - Equivalent Stress Maximum [MPa]

Table 1. shows the values and graph of Load versus- Stress/Deformation chart for different loading conditions.
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Parametric analysis allows us to see the difference between Stress/Deformation results under the different
loading conditions. This parametric result shows that in the worst situation for load of booms’ position
(minimum angle and furthest elongation working), Crane can carry max 1200 kg statically while factor
of safety is equal to 1 and just before the passing through the plastic region.

3.2 Static Analysis For Outriggers:

The maximum load on the foots will be occurred in the position as seen in Figure 11. From moment
calculation below, max load for one foot for 500 kg was found as 11 kN.

Figure 11. The maximum load on the foots.

3.2.1 Setting the Static Structural of the Outrigger Model

Foot is fix supported at point B which has the connection surface to the chassis and 11 kN force is applied
at point A as seen in Figure 12.

0.00 350,00 700,00 (mm)
1

175,00 525.00

Figure 12, Static structural of the model.
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3.2.2 Von Misses Stress Distribution Results

Figure 13 and 14 show that the maximum stress occurred only around the one point which is located
next to the fix supported area as shown as point B in Figure 14.

AL

R —

Figure 13. Von misses stress distribution because of 500 kg load, 11 kN.

44

- When it is zoomed to the vertex which maximum stress occurred and checked the stress distribution
next to this point shows us that the actual stress is relatively high because of supporting method. That is
why we can ignore this point and assume that we are in safe region but in the limits.

Max =

1
6143 | 25557 3 Force: 11000 N

= ‘ [B] Fixed Support
40853 3

Figure 14. Maximum stress area (Left), Maximum stress occurred because of fix supported face (right).

3.3 Modelling a Hydraulic Cylinder as a Spring

Hydraulic cylinders are acting like more a spring than a rigid body under the high pressure (especially 150
Bar and above). Drexler et al., 1988 says that “in the case of a fluid containing no air bubbles the volume
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reduces by 0.7% when the pressure is increased by 100 bar”. According to this ratio, volume will reduce
by 0.14% with 200 Bars.

Calculating Spring Coefficients:

Tad®

Area of the piston is defined as 41 = 2 (1)

Volume of the cylinder= Areax Stroke =V = A *5 (2)

Compressed volume under 200 Baris Ve = V = 0.0014 (3)

¥

i
Compressed Stroke is Compressed Volume / Area = Sc = e {4]

Stiffness coefficient of the spring is i = £ _:— (5)
x '

When the first cylinder is completely open, volume of the first cylinder is 0.46 L, stroke is 370 mm and
Diameter is 40 mm, so the stiffness coefficient of the spring is calculated as k=1290 N/mm.

Ansys used for testing the stiffness coefficient (k) of the spring which is obtained from the above mentioned
calculation. First cylinder’s piston diameter and stroke length modeled with the spring and the same
pressure applied to the first piston (200 Bar = 20 MPa). Also, gravitational acceleration was applied.

Figure 15. Static structural set.



TACETDIN SEVDIM, ORHAN KORAY CALIK, SULEYMAN BASTURK

Material None
Type Longitudinal
Spring Behavior Both

Longitudinal Stiffness 1290, N/mm
Longitudinal Damping |0, Nes/mm

Preload Nane
Suppressed No
Spring Length 370, mm

Table 2. Properties of the spring.

Figure 16. Directional deformation of the spring.

This test shows us that springs can be used as hydraulic cylinders. Instead of having more realistic result
another advantage of using springs that we do not have to mesh bodies of the cylinders, so solving
time and the number of elements are reduced (Rodriguez et al,, 2017). On the other hand, when we do
not use the cylinders as a body, their weights are not accounted in the analysis. Note that when the first
cylinder is closed (0 degree and maximum elongation horizontally) stroke is 4.7 cm. Spring coefficient of
cylinders are calculated by using the values shown in Table 3.

Cylinder  Piston Area (cm?) Stroke (cm) Volume (cm?) Compressed Volume (cm?) Compressed Stroke(cm)  Force (N) Spring Coefficient (N/mm)

1. 12,56 4,7 59 0,0826 0,06583 21040 319594‘
2. 78,54 30 2356,19 3,29 0,42 144050 342976
3. 39,4 57 2245 3 0,79 7350 9303

Table 3. Values which are used to calculate the spring coefficients for each cylinder.
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4. HARMONIC RESPONSE ANALYSIS

Harmonic Response Analysis shows us that how and in which directions the structure is responding when
the natural frequency values are applied to the overall assembly. It is known that vibration plays a crucial role
for fatigue and crack failures. In order to get Harmonic Response results firstly natural frequency intervals
were found from Modal Analysis and then by using these interval, natural frequency can be found from
the harmonic response analysis. Sochacki and Bold explain that the hydraulic cylinders are damping the
vibration by an important amount (Jiang et al., 2016; Feng et al., 2017). That is why, using the springs for
simulate the hydraulic cylinders provided a more realistic result for harmonic response analysis as well.

Mode ||7 Frequency [Hz] |

B 875061
2 |2 16,415
3 |3 35,069
4 |4, 39,084
5 |5 50,925
6 |6 92,46

7| 100,1

8 |8 108,73
2l 125,83

Table 4. Natural frequency interval found from Modal Analysis.

As seen from Table 2, we are interested in first 5 modes which generally electrical motors work
0-3000 rom eauals to 0-50 Hz. That is whv in harmonic response analvsis 0-60 Hz interval accounted.

2,8335¢e-2 *

1,00692-2

3,5779e-3
£ 1,2714e-3
o -
<
B 45178e4
=
£ 1,6054e4
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2,0271e-5
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2
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Figure 17. Natural frequency interval founded from harmonic response analysis.
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Frequency [Hz] | Amplitude [Pa] | Phase Angle [] Frequency [Hz] |I¥ Ampiitude [Pa] [ Phase Angle [
1|06 49337 180. 0 13k 12373 0.
3 |18 49829 180, 32 |32 10702 0.
4 24 50269 180, 53 1318 9675, 0.
5 |3 50846 180, 34 I i 0.
6 36 51572 180, 55 |33, 77971 0.
7 laz 52459 180, se 338 69305 0.
8 48 53524 180, 57 |34.2 61064 0.
o |c4 4768 180, 58 348 5354.1 0.
10_|6 56278 180, 35 e et L
I =i e 60 |3s, 37269 .
12 |72 60084 180, 61_|366 2994, 0.
P Eer PR 62 |37.2 22704 0.
1 |15 ha o 63 |378 15636 .
15 |9, 68371 180, 64 |384 916,51 0.
16 |96 = 160, 65 |39, 17406 0.
17_[10.2 77810 180, 66 _|39.6 1153.7 180,
T e i 67 |402 18087 180,
19 114 91490 180. S8 1408 2617 L
20 12 1.0126e+005 180, a3 I =il et
21 |126 1,1419e+005 180, Ll s el
22 |132 13205e+005 180, Il 428 23141 190
23 |138 15823e+005 180, ;i :Z': fﬁ;g'i :ﬁ
24 |144 20015e+005 180, S o e
25 |15 27779e+005 180, : :
E 16.2 1.7356e+006 180, 76 |456 13316 180,
28 |168 94549e+005 0. 77 |46.2 15867 180,
29 [174 35099e+005 0. 78 |46.8 19097 180,
30 |18, 21792¢+005 0. 79 |47.4 23355 180,
3 |186 15395e4005 O, 80 |48 29281 180,
32 192 1.176e+005 0. 81 |486 38172 180,
33 138 94178 0. 82 |49.2 53131 180.
34 1204 17856 = 83 (498 83880 180,
=3 fcl el L 84 |504 18461e+4005 180,
el o &5 |51, 1317200006 0,
EL 2 86 |51.6 1,5017e+005 o,
W7 g lse2 o o
F‘M, 34296 0 88 |52.8 56181 0,
TR = o, 89 [53.4 43278 0,
42 |252 27746 0 20 (54, 35369 0.
43 |258 25008 o 91 |546 30010 0,
a4 | 26,4 22765 0. 92 |55.2 26128 Q.
45 |27, 20693 0. 93 |558 23180 0.
46 [276 18837 0, 94 |56.4 20860 0.
47 |282 17164 0. 95 |57, 18982 0.
48 |288 15644 0. 96 |57.6 17428 0,
49 (294 14256 0. 97 |582 16119 0,
30 [30. 12973 0. 98 |58.8 14998 0,
99 (594 14027 0.

Table 5. Natural frequency interval found from harmonic response analysis
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Table 5 and Figure 17 show that 16.2 Hz (around 1000 rpm) and 50 Hz (3000 rpm) are natural frequencies
for this structure. That is why, electrical motor should not work continuously exactly in these rpms. 1500
rpm (25 Hz) can be chosen as a safety area.

5.CONCLUSION

In this study, loading capacity and natural frequencies of the spider crane are obtained and results of the
analysis enabled us to claim where the maximum stress occurred and in which frequencies the structure
have the natural frequencies. Selecting the appropriate connection/joint types between the bodies and
modelling the hydraulic cylinders as the springs are crucial steps for this kind of analysis which has many
connections and joint parts. According to the static structural analysis results, strokes of the cylinders are
optimized in the design process to avoid bending failures, because of high deformation values especially
on the third boom. Furthermore, harmonic response analysis’ results enabled us to determine the working
rpm of the electrical motor in order to avoid from fatigue or crack failures based on the resonance
problems. The natural frequency of the model can be changed by adding some supports or changing
the material/thickness in the design if it is necessary.

This study can be a reference for the future studies such as reducing the vibration at the end of the booms'’
of the cranes or optimizing the model of the booms and the cranes.
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Bir amag dogrultusunda elde edilen verilerden anlamli sonuglar ¢ikarilmasi islemine veri madenciligi denir.
Kiimeleme analizi de veri madenciligi alaninda siklikla kullaniimaktadir. Bu makalede 6ncelikle kiimeleme
analizi kavramlar agiklanmistir. Calismada kullanilacak algoritmalar tanitildiktan sonra Diinya Bankasi ‘nin
web sitesinden elde edilen verilere bu algoritmalar uygulanmistir. Bu calismada amag, 6nceden belirlenmis

parametreler g6z 6niine alinarak tilkelerin gelismislik dlctitlerine gore kiimelenmesidir. Calisma kapsaminda
214 tilkeye ait 2015 verileri ele alinmistir. Bu verilere Self Organizing Map ve K-Means kiimeleme algoritmalari
uygulanmig, sonrasinda da elde edilen kiimeler degerlendirilmistir. Ayrica tilkemizin bu kiimelerdeki konumu
da incelenmistir.

Anahtar Kelimeler: Kiimeleme analizi, K - Means algoritmasi, Self Organizing Map algoritmasi, Istatistik,
Gelismislik.

AN APPLICATION ON CLUSTERING COUNTRIES WITH DATA MINING METHODS BASED
ON DEVELOPMENT CRITERIA

Abstract

The process of extracting meaningful results from data obtained in the direction of a goal is called data
mining. Clustering analysis is also frequently used in the field of data mining. In this article, firstly clustering
analysis concepts are explained. These algorithms have been applied to the data obtained from the World
Bank website after the algorithms to be used in the study have been introduced. The purpose of this study is
to cluster countries according to their development criteria, taking into account pre-determined parameters.
The study covered data from 214 countries. Self Organizing Map and K-Means clustering algorithms were
applied to these data, and then the obtained clusters were evaluated. In addition, the position of our country
in these clusters has been examined.

Keywords: Clustering Analysis, K- Means Algorithm, Self Organizing Map, Statistics, Development.
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1. GiRis

Siniflar veya objelerin konsept olarak anlamli gruplari, benzer karakteristik 6zellikler tasirlar. Bu da insanlarin
dlinyayi analiz etmesi ve anlamlandirmasinda buyk rol oynar. Aslinda insanoglu objeleri gruplama ve bu
gruplara obje atama yetenegine dogustan sahiptir. Kiiclik cocuklar bile bir fotograf albiimiindeki objeleri
insan, hayvan, bitki ve cansiz varliklar olarak siniflandirabilir.

Kiimeleme analizi, bir veri setini benzer 6zellikler tasiyan objeler ayni grupta yer alacak sekilde gruplamayi
amaclayan ¢ok degiskenli bir metottur. Bu sayede veriler anlamli ve kullanish kiimelere boliinir. Bazi
durumlarda ise veri 6zetleme gibi bir amac icin kullanisli bir baslangictir.

Verilerin anlasilmasi baglaminda, kiimeler potansiyel siniflardir ve kiimeleme analizi de bu siniflari otomatik
olarak bulmayi saglayan teknikler calismasidir.

Kiimeleme analizinin dneminin kavranabilmesi icin kullanim alanlarini incelenmesi yeterlidir. Psikoloji ve
diger sosyal bilimler, biyoloji, istatistik, riintli tanima, makine 6grenmesi ve veri madenciligi kiimeleme
analizinin kullanim alanlarindan sadece birkagidir.

Selim Cam 2014 yilinda hazirladig yiiksek lisans calismasinda, Sivas Cumhuriyet Universitesi Hastanesine
2006-2011 yilinda kayrt olmus 18-65 yas araligindaki hastalara ait verileri kullanmistir. Calisma kapsaminda
K-Ortalamalar ve Yogunluk Tabanli Kimeleme Algoritmasi yontemlerini kullanmis, demografik verilere ise
Ki-Kare, Kruskal-Wallis H ve Mann-Whitney testlerini uygulamistir. Sonug olarak hastalari yas, yasadiklari
yer, basvurduklan hastalik cesitleri gibi siniflara ayirmistir. Calismanin uygulama alani ise kayit olan bir
hasta icin uygun ilag ve personel tedariginin dogru tespit edilebilmesidir (Cam, 2014).

Nesrin Alptekin ve Gozde Yesilaydinin 2015 yilinda saglik alaninda yaptigi bir calismada, veri kiimesi
olarak OECD' ye Uye 34 ilkenin saglkla iliskili 10 degiskeni ele alinmistir. Calisma kapsaminda bulanik
c-ortalamalar algoritmasi ve NCSS 10 paket programi kullanilmistir.Farkli sayida kiimeler olusturulmus
ve 5 kiime sayisinin en anlamli oldugu tespit edilmistir. Sonug¢ kiimesinde Tirkiye'nin Estonya, Meksika,
Macaristan, Sili ve Polonya ile ayni kiimede yer aldigi gortilmastir (Alptekin, Yesilaydin, 2015).

Osman Kaya 2008 yilinda hazirladigi yiiksek lisans ¢calismasinda, 6zel bir kurumda calisan 1100 personele
ait 2 yillik performans olcutleri, bu dlcitlerin agirliklari,tanimi ve departman bilgisini veri kiimesi olarak ele
almistir. Calisma kapsaminda bu veri kiimesine c-mean ve x-mean kiimeleme algoritmalarini uygulamis,
4 kiime elde etmis ve kiime dogrulugunun test edilmesi icin ROC egrisinden faydalanmistir. Calisma
sonucunda personellerin basari Slciminin en dogru sekilde yapilabilmesi, personelin zam ve terfi
kararlarin adaletli olmasi ve kurumun basarisinin degerlendirilmesini amaclamistir (Kaya, 2008)

Halil Darakgi 2011 yilinda hazirladidi yiiksek lisans ¢alismasinda, veri kiimesi olarak 6zel bir akarkayit
firmasina ait 2008 ve 2009 yillarindaki Griin ve musteri verilerini kullanmistir. Veri kiimesi yaklasik 48
milyon veri icerdiginden guinlik bilgiyi icerecek sekilde indirgeme yapmistir. Uzaklik 6lciimiinde oklit
metrigi, kiimeleme kisminda k-ortalamalar algoritmasi ve KNIME programini kullanmistir. Sonug olarak
elde edilen kiimelerdeki en verimsiz istasyonlari tespit ederek kurumici performans degerlendirmesi
yapmistir (Darakgl, 2011).
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Onur Degerli 2012 yilinda hazirladidi yiksek lisans calismasinda, veri kiimesi olarak blog iceriklerini
kullanmustir. Bloglara ait icerikleri web-crawler teknolojisi ile veritabanina kaydetmis, kelime kdkiiniin
tespit edilmesi icin dogal dil isleme metotlarindan faydalanmistir. Bu icerigi Naive Bayes algoritmasi ile
siniflandirmis, kategorisi belli olmayan 6rneklerin hangi kategoriye ait oldugunu belirlemistir. Kimeleme
analizi algoritmalarinin semantik web ve metin madenciligi alaninda kullanilmasina dair bir calisma
yapmistir (Degerli, 2012).

Gaffari Celik 2013 yilinda hazirladig yiiksek lisans calismasinda veri kiimesi olarak Agr ibrahim Cecen
Universitesi Meslek Yiiksekokulu grencilerinin 2011-2012 yilina bilgilerini ele almistir. Calisma kapsaminda
K-Means, DBSCAN, OPTICS algoritmalari ve WEKA programini kullanmistir. Calisma sonucunda 6grenci
basarisini etkileyen faktorleri tespit etmistir. Bunlardan bazilari; 6grencinin saglik sorununun olmamasi,
kardes sayisinin az olmasi, 6grencinin yurtta kalmasi ve annesi calismayan 6grencinin daha basarili olmasi
gibi carpici sonuglardir (Celik, 2013).

Mahmut Karakaya 2012 yilinda hazirladigi yiiksek lisans ¢alismasinda, veri kimesi olarak Movielens, Jester
ve Bookcrossing den aldigi verileri kullanmistir. Calisma kapsaminda k-means ve yogunluk tabanl kiimleme
algoritmalarindan faydalanmistir. Bu ¢alismada kullanicilara miizik, film, kitap gibi 6geler onerilirken
cesitliligin arttinlmasi hedeflenmistir. Sonug olarak, 6neri sistemleri icin kullanilan veri kiimesine ait ortalama
ve standart sapmayi degerlendiren bir cesitlilik dlcimi gelistirmistir (Karakaya, 2012).

Yasemin Akin 2008 yilinda hazirladigi bir doktora calismasinda, veri kiimesi olarak 2004 yilinda TUIK
tarafindan yapilan “Hanehalki Biitce Anketi” verilerini kullanmistir. Verilerin uygun olup olmadigini Ki-Kare
Bagimsizlik Testi ile 6lgmustir. Calisma kapsaminda CLARA algoritmasi ve yogunluk tabanli kiimeleme
algoritmalari, S-Plus 2000 ve WEKA programlarini kullanmistir. Farkli kiime sayilarina ait verileri karsilagtirilarak
en anlamlisinin 5'li kime oldugunu tespit etmistir. Sonug olarak katilimcilarin yasadigi yerlesim yeri, sahip
oldugu cocuk sayisi, egitim diizeyi gibi 6zelliklere gore tuketicilerin harcama davranislari incelemistir
(Akin , 2008).

Tuna Vardar 2010 yilinda hazirladigr ytiksek lisans calismasinda, 6zel bir bankadan alinan verileri ve bu
verilere uygun finansal tablolardan belirlenen 13 adet degiskeni veri kaynagi olarak kullanmistir. Calisma
kapsaminda uzaklik élciisii olarak Oklid Metrigi, kiime sayisinin belirlenmesinde BIC ve AIC kriterleri,
kiimelerin anlamliigini 6lgmek icin Ki-Kare Bagimsizlik testi ve analizler icin SPSS 15.0 programindan
faydalanmistir. Calisma sonucunda bankalarin miisteri segmentasyonlarinin bilimsel analizlerle elde edilen
segmentasyonla uyusmadigini ortaya ¢ikarmistir (Vardar, 2010).

Unzile Yilmaz 2011 yilinda hazirladigi yiiksek lisans calismasinda veri kaynadi olarak Tiirkiye'deki 81 ilin
2008 yilina iliskin DIE biiltenlerini kullanmistir. Calismada faktér analizi, kiimeleme analizi yaklagimlari
ve SPSS 12 programindan faydalanmistir. Calismanin amaci Turkiye’ deki illerin gelismislik diizeylerine
gére kiimelenmesidir. Sonug olarak 3 kiime belirlemis, istanbul en gelismis iller kiimesinde tek basina
yer almigtir. ikinci kiimede ise Bursa, izmir, Ankara, Kocaeli yer almaktadir. Geri kalanlar ise ticlincii yani
gelismemis iller kimesinde yer almistir (Yilmaz, 2011).
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1.1 Hiyerarsik Kiimeleme Analizi

Hiyerarsik kiimeleme analizinde toplamsal(agglomerative) ve parcalayici(disimisive) olmak tizere iki
yontem vardir.

Toplamsal ydntemde baslangicta her nesne bir kiimedir. Her adimda en yakin kiimeler birlesir ve kiime
sayisi bir eksilir. Birlesen kiimeler daha sonraki adimlarda kesinlikle ayrilmaz. Adimlar tamamlandiginda,
tim nesneleri iceren tek bir kiime elde edilir.

Parcalayici ydntemde baslangicta tek bir kiime vardir. Her adimda kiime bir alt kiimeye ayrilir ve kiime
sayisi bir artar. Ayrilan kiimeler daha sonraki adimlarda kesinlikle birlesmez. Adimlar tamamlandiginda
her nesne bagimsiz bir kime meydana getirir. Toplamsal ydonteme goére daha az kullanilir.

1.2 Uzaklik Olgiimleri

Xi ve Xj gozlem vektorleri olsun, d (xi, xj) fonksiyonunun uzaklik fonksiyonu olabilmesi icin asagidaki
sartlar saglamasi gerekir (Duran, Odell, 1974):

. Ep ‘deki (p boyutlu 6klit uzayindaki) tim x,ve X lericind (x, xj) >0dr.

+  Ancak ve ancak x, = X; ise d (x, xj) =0drr.

- Dix, xj) =d (xJ., x) dir.

- Dix, xj) <d(x, x)+d(x, xj) dir. Burada x, X, vex, vektorleri de Ep vektorlerdir.

En sik kullanilan uzaklik fonksiyonlari asagidaki Tablo 1‘deki gibidir (Duran, Odell, 1974):
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Tablo 1. Uzaklik Fonksiyonlari ve Matematiksel Gosterimleri
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Benzerlik matrisi, gdzlemlerin birbirine olan uzakliklarindan olusan simetrik kare matristir. Nesnelerin birbirine
olan uzakliginin 0 oldugu asikardir. Nesneler X Ve X, ile ifade edilsin. (i ve k N kiimesinin elemanlardir.)
Uzaklik fonksiyonu d (xi, xk) ile ifade edilir. X, vex, nin birbirine uzakhg, X, ve X nin birbirine uzakligina esittir.
Bu nedenle benzerlik matrisi simetriktir. Bu bilgilere gore olusturulan benzerlik matrisi Sekil 1'deki gibidir:

dy, -

d, - d

mnl nn

Sekil 1. Benzerlik Matrisi Gosterimi

Nesnelerin birbirine olan uzakhigi ne kadar az ise ayni kiimede olma ihtimalleri de o 6lclide fazladir.
1.3 Hiyerarsik Kiimeleme Analizi Algoritmalan

1.3.1 Tek baglanti teknigi

En yakin komsuluk teknigi olarak da bilinir. Bu teknikte, iki kiime arasinda birbirine en yakin elemanlarin
uzakhg), klimeler arasindaki mesafe olarak kabul edilir. Birbirine en yakin iki g6zlem bulunur ve bu sekilde
ilerlenerek kiimeler olusturulur. Algoritmanin zaman karmasikhigi O(n?)dir (Manning ve ark., 2008)

1.3.2 Tam baglanti teknigi

En uzak komsuluk teknigi olarak da bilinir. Bu teknikte, iki kiime arasinda en uzak elemanlarin uzakhg,
kiimeler arasindaki mesafe olarak kabul edilir. Birbirine en uzak iki gézlem bulunur ve bu sekilde ilerlenerek
kiimeler olusturulur.

1.3.3 Ortalama grup baglanti teknigi

Bu teknikte, iki kimedeki elemanlarin uzakliklarinin ortalamasi, kiimeler arasindaki mesafe olarak kabul
edilir. Bu yontem, biyoloji alaninda tiirlerin ortak kdkenleri aragtirmalarinda kullaniimaktadir.

1.4 K-Ortalama Yontemi

K-Means kiimeleme metodu olarak bilinir. K- Means algoritmasi uygulama kolayligindan dolayi, en ¢ok
kullanilan algoritmalardan biridir. Buylk olcekli veriler icin kullanighidir. Buradaki k kiime sayisidir. Kiime ici
benzerligin yiksek fakat kiimeler arasi benzerligin diistik olmasi amaclanir. (Yildiz, Camurcu, Dogan, 2010)

K-Means algoritmasinin adimlari asagidaki gibidir:
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1. Kkume sayisi baslangicta belirlenir.

2. Kadet baslangi¢ noktasi rastgele secilir.

3. Kiime merkezleri belirlenir. Burada uzaklik 6klid uzakhdr kullanilarak 6lgtlur.
4. Her nesne en yakin oldugu kiimeye atanir.

5. Kiime merkezi yeniden 0lcdillr ve yeniden atama yapilir.

6. Nesnelerin yerleri artik degismeyene kadar dnceki adimlar tekrarlanir.

K-Means kiimeleme analizi Karesel Hata Kriteri yardimiyla 6l¢ilur. Basari kriteri, karesel hatayi en kiigik
yapacak k adet kiimenin elde edilmesidir.

K-Means algoritmasinin dezavantaji, baslangicta K sayisinin belirlenme zorunlulugudur. K sayisinin
belirlenmesi kolay degildir. Algoritma farkli K degerleri icin uygulanir ve sonuglar dogruluk analizleri ile
sinanir. Algoritma farkli K degerleri icin calistinldiginda cok farkli sonuclar tretebildigi icin kararl degildir.

1.5 Self Organizing Map (SOM) Yontemi

SOM, bir gozetimsiz 6grenme algoritmasidir. Yiiksek boyutlu verilerin bir, iki veya ti¢ boyutlu gorsellestiriimesinde
kullanilan bir yéntemdir. Ogrenme ve tahmin safhalarindan olusur. Ogrenme safhasinda, harita olusturulur
ve egitim verileri rekabeti bir stirecten gecirilerek ag olusturulur. Tahmin safhasinda, yakinsama haritasinda
yeni vektorlere bir lokasyon verilir ve yeni veriler hizlica kategorilere ayrilir.

Ogrenme siirecinin adimlan asagidaki gibidir:

1. Her digum icin agirliklar belirlenir.
2. SOM'u temsil etmesi icin egitim verisinden rastgele bir vektor secilir.

3. Girdi vektori ile her vektoriin agirligr arasindaki uzaklik hesaplanarak en iyi eslesen birim (BMU-
Best Matching Unit) bulunur.

4. BMU cevresindeki komsuluk yaricapi hesaplanir. Komsuluk ol¢lsi her tekrarlamada azaltilir.

5. BMU'nun komsulugundaki her digimdain agirliklar,, BMU’ya daha ¢ok benzemek icin ayarlanmistir.
BMU'ya en yakin diigiimler komsulukta en uzaktaki diigiimlerden daha fazla degistirilir.

6. ikinci adimdaki islemler yakinsama gerceklesene kadar tekrar edilir.

2. VERi MADENCILiGi YONTEMLERI iLE ULKELERi GELiSMiSLIK OLCUTLERINE GORE KUMELEME

Diinya Bankasi'nin internet sitesinden alinan veriler lizerinde, kiimeleme algoritmalarindan K-Means ve
SOM uygulanarak tlkeler degerlendirilmistir. Tezin amaci kimeleme algoritmalari kullanilarak 6nceden
belirlenmis parametrelere gore Ulkelerin aldigi degerlerin karsilastiriimasi ve anlamli kiimeler olusturulmasidir.
Diinya Bankasi verilerinin bulundugu internet sitesinden 2015 yilina ait veriler incelenebilmesi icin excel
formatinda indirilmistir. Asagidaki Tablo 2'de, calismada kullanilan degiskenler ve kisaltmalari yer almaktadir.
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Degisen Kisaltmasi _Degisken Ad

Tanm_GDP iAgriculture, value added (% of GDP) [NV.AGR.TOTL.ZS]

Temiz_5Su

Elmproved water source, urban (% of urban population with access) [SH.H20.SAFE.UR.Z5]

Tablo 2. Degiskenler ve kisaltmalari

2.1 K-Means Algoritmasi Kullanilarak Yapilan Kiimeleme

2.1.1 Kiime sayisinin belirlenmesi

K-Means algoritmasinda uygun kiime sayisinin belirlenmesi icin inertia(atalet) kriterinden faydalanilmistir.

inertianin diger bir ismi ise kiime ici kareler &lciitii toplamidir. Kiimeleme algoritmasi sonucunda olusan
kiimelerin tutarlilik 6l¢iist olarak algilanabilir.

inertia algoritmasi veriye uygulandiktan sonra olusan noktalar incelenir. iki nokta arasindaki uzakliklarin
hangi noktadan itibaren fazla degismedigi belirlenir.

Asagidaki Sekil 14'de, inertia kriterinin Diinya Bankas’ nin web sitesinden alinan verilere uygulanarak elde
edilmistir. Grafikte goruldiigu tzere uygun kiime sayisi 16 olarak belirlenmistir.
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Sekil 2. inertia Kriterinin Verideki Sonug Grafigi
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Diinya Bankasinin web sitesinden alinan verilere K-Means algoritmasi uygulanarak elde edilen onalti
kiime asagidaki gibidir.

2.1.2 K-Means Algoritmasi Sonucu Olusan Kiimeler

Diinya Bankasinin web sitesinden alinan verilere K-Means algoritmasi uygulanarak elde edilen onalti
kiime asagidaki gibidir.

Sifirinai kiime: Iran, Islamic Rep., Venezuela, RB, Morocco, Egypt, Arab Rep., Sri Lanka, Paraguay, Jordan,
Azerbaijan, Dominican Republic, Arab World, Lebanon, Maldives, Brazil, Turkey, Suriname, Chile, Argentina,
Antigua and Barbuda, Oman, Saudi Arabia, Bahrain, Bahamas, The, Kuwait, Qatar

Birinci kiime: Burundi, Malawi, Madagascar, Guinea, Mozambique, Ethiopia, Rwanda, Nepal, Uganda,
Tanzania, Tajikistan, Senegal, Zimbabwe, Timor-Leste, Bangladesh, Cameroon, Kenya, Pakistan, South Asia,
Sub-Saharan Africa, Lao PDR, Sudan, Algeria, Guyana, Turkmenistan

ikinci kiime: Cambodia, Ghana, India, Solomon Islands, Uzbekistan, Honduras, Vanuatu, Micronesia, Fed.
Sts., Tuvalu, Indonesia, Marshall Islands, Guatemala, Samoa, Tonga, Fiji, Botswana, Nauru

ﬂgﬁncﬁ kiime: Korea, Rep,, Israel, France, New Zealand, Germany, Finland, Canada, Austria, United Kingdom,
Iceland, Sweden, Denmark, North America, United States, Australia, Norway, Macao SAR, China, Switzerland

Dordiincii kiime: Cuba, Andorra, Nicaragua, Bolivia, Tunisia, Namibia, Macedonia, FYR, Serbia, South
Africa, Belarus, Ecuador, Grenada, Seychelles, Portugal, Spain, Italy

Besinci kiime: San Marino, Colombia
Altina kiime: Eritrea, Mauritania, South Sudan, Haiti, West Bank and Gaza, Angola, Equatorial Guinea
Yedinci kiime: Malta, Hong Kong SAR, China, Singapore, Ireland, Luxembourg

Sekizinci kiime: Kyrgyz Republic, Moldova, Ukraine, Bhutan, Cabo Verde, Armenia, Georgia, Albania,
Bosnia and Herzegovina, Belize, Jamaica, Mauritius, Panama

Dokuzuncu kiime: Vietnam, Hungary, Central Europe and the Baltics, Poland, Latvia, Lithuania, Slovak
Republic, Estonia, Czech Repubilic, Slovenia, Cyprus, Belgium, United Arab Emirates, Netherlands

Onuncu kiime: Central African Republic, Niger, Congo, Dem. Rep., Togo, Afghanistan, Burkina Faso,
Comoros, Sierra Leone, Mali, Benin, Chad, Cote d'lvoire, Nigeria

Onbirinci kiime: Liechtenstein, Bermuda, Korea, Dem. People’s Rep., Virgin Islands (U.S.), Guam, Cayman
Islands, French Polynesia, New Caledonia, Greenland, Aruba, Monaco, Thailand, St. Vincent and the
Grenadines, Dominica, St. Lucia, China, Latin America & Caribbean, Russian Federation, East Asia & Pacific,
Caribbean small states, Croatia, Barbados, Uruguay, St. Kitts and Nevis, Trinidad and Tobago, Greece,
Brunei Darussalam, Japan
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Onikinci kiime: Sao Tome and Principe, Philippines, Malaysia, Kazakhstan, Palau
Oniiciincii kiime: Mongolia

Ondordiincii kiime: Libya, Papua New Guinea, Syrian Arab Republic, Gambia, The, Liberia, Somalia, Guinea-
Bissau, Lesotho, Myanmar, Yemen, Rep., Zambia, Kiribati, Djibouti, Congo, Rep., Swaziland, Irag, Gabon

Onbesinci kiime: Puerto Rico, Kosovo, El Salvador, Peru, Montenegro, Bulgaria, Romania, Mexico, Costa Rica

2.2 Self Organizing Map (SOM) Algoritmasi ile Kiimeleme

Diinya Bankasinin web sitesinden alinan verilere SOM algoritmasi uygulanarak elde edilen onalti kiime
asagidaki gibidir.

Kiime (1, 2): Liechtenstein, Virgin Islands (U.S.), Guam, Cayman Islands, French Polynesia, Greenland,
Vietnam, South Africa, Thailand, Latin America & Caribbean, Argentina, Barbados, Seychelles, Uruguay

Kiime (0, 2): Bermuda, Cuba, Philippines, China, Mexico, East Asia & Pacific, Costa Rica, Palau, Trinidad
and Tobago

Kiime (3, 1): Korea, Dem. People’s Rep., Sri Lanka, Samoa, El Salvador, Peru, Nauru

Kiime (2, 3): Puerto Rico, Monaco, Russian Federation, Croatia, St. Kitts and Nevis, Greece, Portugal,
Bahrain, Cyprus

Kiime (2, 2): New Caledonia, Aruba, Tunisia, Jordan, Azerbaijan, Belarus, Dominica, St. Lucia, Lebanon,
Maldives, Turkey, Caribbean small states, Chile, Antigua and Barbuda, Oman, Saudi Arabia, Bahamas,
The, Kuwait

Kiime (1, 1): Libya, Syrian Arab Republic, Venezuela, RB, Nicaragua, Egypt, Arab Rep., Guyana, Ecuador,
Dominican Republic, Arab World, Suriname

Kiime (1, 3): Andorra, Hungary, Central Europe and the Baltics, Poland, Latvia, Lithuania, Slovak Repubilic,
Slovenia, Spain, Italy, Brunei Darussalam, Japan

Kiime (2, 0): Papua New Guinea, Yemen, Rep., Zambia, Ghana, India, Congo, Rep., Swaziland, Indonesia,
Gabon

Kiime (2, 1): Iran, Islamic Rep., Morocco, Paraguay, Fiji, St. Vincent and the Grenadines, Brazil

Kiime (0, 0): Eritrea, Mauritania, Burundi, Madagascar, Central African Republic, Niger, Congo, Dem. Rep.,
Somalia, Guinea, Mozambique, Togo, Afghanistan, Burkina Faso, Ethiopia, Nepal, Uganda, South Sudan,
Sierra Leone, Haiti, Mali, Benin, Tanzania, Chad, Cameroon, Kenya, Pakistan, Sub-Saharan Africa, Lao PDR,
Sudan, Nigeria, West Bank and Gaza, Angola, Equatorial Guinea

Kiime (3, 3): San Marino, Kyrgyz Republic, Moldova, Ukraine, Georgia, Mongolia, Bosnia and Herzegovina,
Macedonia, FYR, Jamaica, Serbia, Colombia, Montenegro, Bulgaria, Romania, Mauritius, Panama
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Kiime (1, 0): Malawi, Gambia, The, Liberia, Guinea-Bissau, Comoros, Tajikistan, Zimbabwe, Myanmar,
Bangladesh, Kiribati, Cote d'lvoire, South Asia, Djibouti

Kiime (0, 1): Rwanda, Senegal, Lesotho, Timor-Leste, Sao Tome and Principe, Bolivia, Algeria, Namibia,
Iraq, Turkmenistan

Kiime (3, 0): Cambodia, Solomon Islands, Uzbekistan, Honduras, Vanuatu, Micronesia, Fed. Sts., Tuvalu,
Kosovo, Marshall Islands, Guatemala, Tonga, Botswana

Kiime (3, 2): Bhutan, Cabo Verde, Armenia, Albania, Belize, Grenada

Kiime (0, 3): Malaysia, Kazakhstan, Estonia, Czech Republic, Malta, Korea, Rep., Israel, France, New Zealand,
Belgium, United Arab Emirates, Germany, Finland, Hong Kong SAR, China, Canada, Austria, United Kingdom,
Netherlands, Iceland, Sweden, Denmark, Singapore, North America, United States, Australia, Ireland, Qatar,
Norway, Macao SAR, China, Switzerland, Luxembourg

2.2.1 SOM Algoritmasi Sonuglarinin Gorsellestirimesi

SOM algoritmasi gorsellestirilirken en ¢ok kullanilan yontemlerden biri bilesen diizlemleri ydntemidir. Bu
gorsellestirme seklinde haritanin rengi, hedefin ortalamasina gore goreli degerini belirtir. Parlak kirmizi
yuksek bir degeri, mavi ise dustk bir seviyeyi belirtir. Bazi renkler bazilarindan daha parlaktir: dinamik
aralik, simile edilmis bos hipotez ile belirlenir (Anonim 2013).

Cluster (3,0)  Cluster (3,1) Cluster (3, 2)
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Sekil 3. Bilesen diizlemleri grafiginin isimlendirilmis hali
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2.2.2 SOM Sonuglarinin Kalitesinin Olciilmesi

Giris verileri icin her zaman en uygun harita mevcut olsa da, baslangictan itibaren dogru parametreleri
secmek zordur. Farkll parametreler ve baslatmalar farkli haritalara neden oldugundan, haritanin egitim
verilerine diizglin sekilde adapte olup olmadigini bilmek énemlidir. Haritanin kalitesini belirlemek,
uygun 6grenme parametrelerini ve harita boyutlarini segmek icin yaygin olarak kullanilan iki kalite
onlemi, ortalama nicemleme hatasi(Average quantization error) ve topografik hata(Topographic error)
dir (MOVSOM Research Lab).

Nicemleme Hatasl, geleneksel olarak tiim vektor kuantizasyon ve kiimeleme algoritmalari ile ilgilidir.
Dolayisiyla, bu dlgiim tamamen harita topolojisini ve hizalamay gézardi eder. Nicemleme hatasi, 6rnek
vektorlerin temsil edildigi kiime merkezlerine ortalama mesafesini belirleyerek hesaplanir. SOM durumunda,
kiime merkezleri prototip vektorlerdir (Polzlbauer, 2004).

Verilen herhangi bir veri kiimesi icin, harita diguimlerinin sayisini arttirmakla nicemleme Hatasi azaltilabilir,
¢lnk veri 6rnekleri daha seyrek olarak harita tizerinde dagitilr.

Topografik Hata, topoloji koruma énlemlerinin en basitidir. Bu hesaplama su sekilde yapilir: Tum veri
ornekleri icin en ilgili ve en iyi eslesen birimler belirlenir. Harita kafesinde bunlar bitisik degilse, bu bir
hata olarak kabul edilir. Toplam hata daha sonra 0 ile 1 arasinda bir aralikta normalize edilir. Burada 0,
miikemmel bir topoloji korumasi anlamina gelir.

Elde edilen kiimeler icin topographic deger 0.056074766355140186 olarak bulunmustur. Bulunan deger
0ile 1 araliginda oldugundan topolojinin korundugu sonucuna varilir.

3. SONUC VE ONERILER

Bu calismada Diinya Bankasi’'nin web sitesinden alinan verilere kiimeleme analizi yontemlerinden olan
K-Means ve Self Organizing Map algoritmalari uygulanmistir. Bu algoritmalar sonucunda olusan kiimeler
ve Tirkiye' nin bu kiimelerdeki yeri incelenmistir.

K-Means algoritmasi sonucunda tilkemiz iran, Venezuela, Misir, Sri Lanka, Paraguay, Urdiin, Azerbaycan,
Dominik Cumhuriyeti, Arap Devletleri, Liibnan, Maldivler, Brezilya, Surinam, Sili, Arjantin, Antigua ve Barbuda,
Umman, Suudi Arabistan, Bahreyn, Bahama Adalari, Kuveyt ve Katar ile ayni kiimede yer almaktadir. Bu
kiime agirlikla Orta Dogu Ulkelerinden olusmaktadir.

K-Means algoritmasi sonucunda, her bir parametre icin kiime merkezleri incelenmistir. Bu degerlere
genel olarak bakildiginda tlkemizin genel olarak iyi bir noktada oldugu séylenebilir. Turkiyenin daha
iyi bir noktaya gelebilmesi icin T.C. Kalkinma Bakanhdi tarafindan kalkinma planlari diizenlenmektedir.
Guncel kalkinma plani 2014-2018 yillarini kapsayan Onuncu Kalkinma Plani'dir (Kalkinma Bakanhdi, 2014).

SOM algoritmasi sonucunda lilkemiz Yeni Kaledonya, Aruba, Tunus, Urdin, Azerbaycan, Belarus, Dominika,
Saint Lucia, Libnan, Maldivler, Karayipler, Sili, Antigua ve Barbuda, Umman, Suudi Arabistan, Bahama
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Adalari ve Kuveyt ile ayni kiimede yer almaktadir. Bu kiime agirlikla Amerika kitasindaki gelismekte olan
Ulkelerden olusmaktadir.

Degiskenlere ilk bakildiginda tarim parametresi 6n plana ¢ikar. Sahip oldugumuz cografi konum ve iklim
g6z 6niline alindiginda, tarim alani bu parametreler arasindan en hizli sonug alinabilecek parametredir.
Onuncu Kalkinma Plani'nda bu sektortn yillik ortalama biyiime hizinin yiizde 3,1 olmasi, toplam istihdam
icerisindeki payinin yiizde 21,9'a gerilemesi ve GSYH icerisindeki payinin ise yiizde 6,8 olmasi beklenmektedir.

Bebek 6lim orani parametresinde, lkemiz diger Ulkelerin ortalamasina bakildiginda iyi bir noktadadir.
Bu degerin daha da dusuirilmesi icin ana ¢ocuk saghg ve aile planlama merkezleri sayisi arttirlmalidir.

Kisi basina diisen milli gelir miktarina bakildiginda tlkemiz ortalamaya yakin bir degere sahiptir. Bu deger
vatandaslarin bireysel mutluluguna etki eden en 6nemli parametrelerden biridir. Onuncu Kalkinma
Plan'nda 2023 yili hedefi olarak kisi basina diisen milli gelirin 16 bin dolara ulasmasi beklenmektedir.

Dis Bor¢ parametresi, Turkiye'nin bu parametreler icinde en cok gelistirmesi gereken alandir. Onuncu
Kalkinma Plani'nda cari acigin kademeli olarak 5,2 seviyesine gerilemesi hedeflenmistir.

Her yiiz bin kisiye diisen banka sube sayisi parametresine bakildiginda, ilkemizin ortalamanin izerinde
bir degere sahip oldugu goralur. Turkiye' nin bankacilik sektoriinde uluslararasi standartlara sahip olmasi
icin Basel Il standartlari 2012 yilindan itibaren uygulanmaktadir. Ayrica Onuncu Kalkinma Plani dénemi
sonunda istanbul’'un Kiiresel Finans Merkezleri Endeksinde ilk 25 icinde yer almasi hedeflenmektedir.

internet kullanici sayisi parametresinde tilkemiz ortalamanin tizerinde bir degere sahiptir. 2009 yilindan
bu yana 3G hizmeti verilmeye baslanmis ve abone sayisi 12 milyonu asmistir.

is yapilabilirlik parametresine bakildiginda tilkemizin bu alanda gelismesi gerektigi gériilir. Bu hedef icin
Onuncu Kalkinma Plani'nda Is ve Yatirim Ortaminin Gelistirilmesi Programi olusturulmustur.

insan haklar parametresinde Tiirkiye 12 lzerinden 3 almistir. Gelismislik diizeyi incelemesinde sosyal
anlamda en 6nemli parametrelerden biri insan haklaridir. 2013 yilinda dérdiincl yargi reformu paketi
kabul edilmistir. Bu pakette AIHM'in “yeniden yargilama” kararlarinin timii uygulanabilir olmustur.

Teknoiji ihracati alaninda Turkiye son yillarda gelisme gostermektedir. Her gegen yil yiksek teknolojiye
yatirim yapan firma sayisi artmaktadir. Bu firmalardan Vestel, Venls marka yerli cep telefonu ile kayda
degder bir basar elde etmistir. Airties, yerel ag ve internet tizerinden telefon triinleri ile teknoloji ihracatinda
onemli bir paya sahiptir. Telekom sektoriinde ise Netas'in Urettigi ¢ozimler bes kitada kabul gérmektedir
(Anonim, 2015).

Kadin milletvekili sayisi tilkemizde gelismesi gereken alanlardan biridir. TUIK in 2014 yilinda secilmis tlkeler
icin kadin milletvekili sayisini listelemistir. Tirkiye bu listede 45 Ulke arasindan %14.4 orani ile 39. siradadir.
Listenin ilk ti¢ sirasinda ise isveg, Finlandiye ve izlanda bulunmaktadir.

Mal ve hizmetlerin ihracati, diinyanin geri kalanina saglanan mallarin ve diger piyasa hizmetlerinin
degerini temsil eder. Mal, nakliye, sigorta, nakliye, seyahat, gayrimaddi hak bedelleri, lisans tcretleri ve
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iletisim, insaat, finans, bilgi, is, kisisel ve devlet hizmetleri gibi diger hizmetlerin degerini icerirler. Turkiye
ihracat alaninda gelisme gdstermektedir. TiM ‘in 2015 yili icin hazirladigi sektér bazli raporda, kimyevi
maddeler ve mamulleri, otomotiv endiistrisi,hazirgiyim ve konfeksiyon ilk ti¢ sirada yer almaktadir (Tiirkiye
ihracatcilar Meclisi, 2016).

Gelistirilmis bir su kaynagina erisim, gelismis bir icme suyu kaynagini kullanan nifus ytizdesini ifade eder.
lyilestirilmis icme suyu kaynaginda banyolarda su borulari ve diger gelistirilmis icme suyu kaynaklari
bulunmaktadir. Tiirkiye bu alanda gelismis Ulkeler seviyesinde yer almaktadir.
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Buylik miktardaki veri yiginlari icerisinden anlamli ve kullanilabilir olan bilgileri ortaya ¢ikarabilmek icin veri
madenciligi teknikleri ve algoritmalar kullaniimaktadir. Birliktelik kurallari veri tabani sistemlerinde 6nceden
bilinmeyen, kullanigh 6riintllere ulasabilmek icin kullanilan tekniklerden biridir. Birliktelik kurallarinin yaygin olarak
kullanildigi bir alan olan sepet analizi musterilerin satin aldiklar Griinler arasindaki iligkileri analiz etmektedir.

Bir is yukunu parcalara bolerek es zamanli olarak gerceklestiren bilgisayar aglar dagitik hesaplama sistemleri
olarak adlandinimaktadir. Bu calismada birliktelik kurallarini dagitik sistemlere tasiyarak daha kisa sreli sonuglar

elde etmek amaclanmistir. FP- Growth algoritmasi kullanilarak kurallar olusturulmus, dagitik sistem mimarisinde
biyiik boyutlu veriler islenerek lizerinde anlik sepet analizi yapilmis ve daha hizli sonuclara ulagilmistir.

Anahtar Kelimeler: Dagitik Sistemler, Sepet Analizi, FP-Growth Algoritmasi, Birliktelik Kurali, Veri.

BASKET ANALYSIS WITH ASSOCIATION RULES IN DISTRIBUTED SYSTEMS

Abstract

Data mining techniques and algorithms are used to reveal information that is meaningful and usable in large
amounts of data. Association rules are one of the techniques used to access previously unknown, useful
patterns in database systems. Basket analysis, a field where association rules are widely used, analyzes the
relationships between the products purchased by customers.

Computer networks that perform a workload simultaneously by dividing them into parts are called distributed
computing systems. In this study, it is aimed to obtain the shorter results by moving the association rules to
distributed systems. Rules were created by using FP- Growth algorithm, large-scale data were processed in
distributed system architecture and instant basket analysis was performed and faster results were obtained.

Keywords: Distributed Systems, Basket Analysis, FP-Growth Algorithm, Association Rule, Data.

*

Bu makale biiyiik 6lciide “Dagitik Sistemlerde Birliktelik Kurallari ile Sepet Analizi, istanbul Aydin Universitesi Fen Bilimleri Enstitiisii Bilgisayar
Miihendisligi Yiiksek Lisans Tezi,2018" den yararlanilarak hazirlanmistir.
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1. GiRis

icinde bulundugumuz Bilgi ve Teknoloji caginda verilerin hizli bir sekilde islenerek, gelismis veri analizinin
yapilabilmesi, verilerin 5nemini her gecen giin daha da artirmaktadir. Veri analizi ile daha anlamli sonuclar
elde edilerek, veriler daha etkili bir sekilde kullanilmaktadir (Sonmez, Zontul ve Kaynar, 2018). Bliylk
miktardaki verilerin icinden gelecege dair tahmin yapilabilmesini saglayan iliskiler veri madenciligi ile analiz
edilmektedir (Savas, Topaloglu ve Yilmaz, 2012). Veri madenciligi teknikleri ve algoritmalari ile kullanisli
bilgiler ortaya cikarilmaktadir (Gemici, 2012).

Birliktelik kurallar buylik miktardaki veri yiginlari arasindan daha énceden bilinmeyen &riintileri bulmak
icin kullanilan tekniklerden biridir (Erdogan, Giilcan ve Karamasa, 2015). Birliktelik kurallarinin kullanildigi
en belirgin 6rnek olarak sepet analizi verilebilir. Sepet analizi ile musterilerin alisverislerde satin aldiklar
Urlnler arasindaki iliskiler analiz edilerek, satin alma aliskanliklari belirlenmektedir (Takgi ve Hayta, 2014).

Buyuk boyutlu hesaplama problemlerinin parcalara ayrilarak, birbirlerine bir bilgisayar adi ile bagli olan
makinelerde her bir parcanin ¢ozlilmesine dagitik hesaplama adi verilir (Kuzu, 2014). Bu ¢alismada diger
calismalardan farkli olarak biiyuk veriyi isleyebilmek ve anlik sepet analizi yapabilmek icin dagitik sistemler
kullanilmistir. Veriler birden fazla islemci tizerinde dagrtilmis ve FP-Growth algoritmasi kullanilarak birliktelik
kurallari daha hizli bir sekilde olusturulmustur.

Literattirde birliktelik kurallar ve sepet analizi lizerine ¢esitli calismalar yapilmistir. Ayhan Doslii tarafindan
2008 yilinda yazilan yiiksek lisans tezinde, veri madenciliginde yer alan temel kavramlar, yontem ve teknikler
incelenerek, birliktelik kurallari ve bu kurallarin olusturulmasi icin kullanilan algoritmalar arastirilmustir.
Uygulama sonucunda, FP-Growth algoritmasinin Apriori algoritmasina gore daha iyi performans gosterdigi
tespit edilmistir (Dosl, 2008).

Ufuk Ekim tarafindan 2011 yilinda yapilan calismada, 6grenci basarisina etki eden faktorlerin birlikte
bulunmasi amaciyla Selcuk Universitesi otomasyonundaki anket verilerine, Karar Agaci ve Apriori
algoritmalari uygulanarak sonuglar karsilastinlmistir (Ekim, 2011).

Mine Durdu 2012 yilindaki yiiksek lisans tezinde, musteri verileri ve satis bilgilerini anlamli verilere
donusturerek, market sepet analizi uygulamistir. Apriori algoritmasini kullanarak market veri seti tizerinden
birliktelik kurallarini olusturan bir uygulama tasarlamistir (Durdu, 2012).

Elif Safak Sivri 2015 yilinda hazirladigi yliksek lisans tezinde, bir e-ticaret sitesine ait giyim verilerini kullanarak
birliktelik analizi yapmustir. Misterilerin birlikte satin aldigi Griinler FP- Growth ve Apriori algoritmalari ile
tespit edilmistir (Sivri, 2015).

Gamze Yilmaz Erduran tarafindan 2017 yilinda hazirlanan doktora tezinde, Tirkiye'de faaliyet gosteren
bankalara ait online musteri sikayetleri Gizerinde veri madenciligi uygulanmis, FP- Growth algoritmasi
kullanilarak birliktelik kural olusturulmustur (Erduran, 2017).

Calismanin ikinci bolimiinde veri madenciligi hakkinda bilgi verilmis, tG¢lincti bélimde ise birliktelik
kurali ve sepet analizi aciklanarak, birliktelik kurali ¢ikarma algoritmalarindan FP- Growth algoritmasi
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incelenmistir. Dordiincii bolimiinde dagitik sistemler hakkinda bilgi verilen calismanin besinci bolimiinde,
islemcilerde dagrtik mimari kullanilarak FP-Growth algoritmast ile birliktelik kurali analizi yapan bir uygulama
gelistirilmistir. Calisma, sonuglarin aktarildidi altinc bolim ile sona ermektedir.

2. VERi MADENCILIGI

Veri madenciligi gecerli tahminler yapmak icin ¢esitli analiz araci kullanilarak veri icerisindeki 6rtinti ve
iliskileri kesfetmeye yarayan bir siirectir (Koyuncugil ve Ozgiilbas, 2009). 1990'li yillardan itibaren kullanilan
veri madenciligi, Gregory Piatetsky-Shapiro ve William Frawley tarafindan “verideki gizli, 5nceden bilinmeyen
ve potansiyel olarak faydall enformasyonun 6nemsiz olmayanlarinin agiga ¢ikarilmasi” seklinde tanimlanir
(Koyuncugil, 2006).

Sekil 1'de ilgi alanlari verilen veri madenciligi istatistik, veri gorsellestirme, makine 6§renimi, yapay zeka
ve Oriintl tanimlama gibi cesitli alanlarda kullanilmaktadir (Hand, 1998). Cesitli amaclarla pek ¢ok alanda
kullanilan veri madenciliginde veri tanimlama, siniflandirma, kiimeleme, iliskilendirme, tahmin etme gibi
uygulama tirleri kullanimi yaygindir (Larose, 2005).

Veri
Garsellestirme

Yapay Zeka

Geneilk Algorimalar VERI Veri Tabani
nir 1 in i F

Fapdrd i MADENCILIGI Sistemleri
Butanik hantik

Sekil 1. Veri madenciligi ilgi alanlari (Baykasoglu, 2005)

Veri madenciligi veri, bilimsel hesaplamalar, donanim, bilgisayar aglari ve ticari egilimler olmak lizere bes
ana faktorden etkilenmektedir. Veri ortamlarinda bulunan veri miktari arttik¢a sorunlar da artabileceginden
bos veri, belirsizlik, eksik veri, veri tabani boyutu, artik veri, sinirl bilgi veri madenciliginde ortaya cikabilecek
problemlerden bazilaridir (Savas, Topaloglu ve Yilmaz, 2002).
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Veri madenciligi algoritmalarindan verimli sonuglar alinabilmesi icin, veri madenciligi stirecine baslamadan
once, tizerinde calisilacak verinin 6zellikleri detayli analiz edilmelidir. Genel olarak veri madenciligi siirecinde
uygulanan adimlar; problemin tanimlanmasi, verilerin hazirlanmasi, modelin kurulmasi ve degerlendirilmesi,
modelin kullanilmasi, modelin izlenmesi seklindedir (Savas, Topaloglu ve Yilmaz, 2002).

Veri madenciliginde tahmin edici ve tanimlayici modeller kullaniimaktadir (Ozekes, 2003). Tahmin edici
modelde, sonucu belli olan veriler tizerinden bir model olusturularak sonuclari belli olmayan veri kiimeleri
icin tahminler yapilir. Tanimlayici modellerde ise mevcut verilerde bulunan ve karar vermeye yardimci
olabilecek orlintiler tanimlanir (Simsek, 2006). Veri madenciliginde kullanilan modeller; Siniflama -
Regresyon, Kiimeleme ve Birliktelik Kurallari olarak ayrilir. Siniflama ve regresyon tahmin edici, kiimeleme
ve birliktelik kurallar tanimlayici modellerdir (Savas, Topaloglu ve Yilmaz, 2002).

Veri madenciliginde bilgilerin verimli kullanilabilmesini saglayan tekniklerden biri birliktelik kuralidir (Ates
ve Karabatak, 2017). Birliktelik kurali; veri tabaninda bulunan nesneler arasindaki iliskileri analiz ederek, es
zamanli olarak gerceklesebilecek olaylari belirlemektedir (Miholca, Czibula ve Crivei, 2018).

3. BIRLIKTELIK KURALI VE SEPET ANALIZi

ilk defa 1993 yilinda market sepet verisi tizerinde uygulanan birliktelik kurali, veri yiginlar icerisinden
onceden kesfedilmemis driintleri bulmak icin kullaniimaktadir (Ates ve Karabatak, 2017). Agik ve anlasilir
sonuglar elde edilen, buylik miktardaki veriler izerinde calisilabilen birliktelik kurallarinda, yeni bilgi
analizinin zaman alici olmasi, dogru 6zellik sayisi bulunurken zorluk yasanmasi, seyrek gorilen 6zelliklerin
g0z ardi edilmesi gibi sorunlar yasanabilmektedir (Koyuncugil, 2006).

Literatlirde pazar sepet analizi olarak da adlandirilan birliktelik kurali, musterilerin ¢apraz satin alma
davranislari ve birlikte satin alinma egilimi olan Urtinler hakkinda bilgi vermektir (Erdogan, Giilcan ve
Karamasa, 2015).“Eger A irliniinG aliyorlarsa % x ihtimalle B tGriintinl de almaya da yatkindirlar” biciminde
elde edilen bir sonug, A Grlinlini satan bir market icin fayda saglayabilmektedir (Ates ve Karabatak, 2017)

islem / Hareket Elemanlar
t1 Ekmek, Jole, Yerfistigi yag
2 Ekmek, Yerfistigi yag
3 Ekmek, Sut, Yerfistigi yagi
t4 Bira, Ekmek
t5 Bira, Sut

Tablo 1. Birliktelik kurallarini géstermek icin 6rnek veri seti

Yukaridaki tabloda birliktelik kurallar agisindan stipermarket nakit kayit islemlerine yonelik veriler
gésterilmistir (Ates ve Karabatak, 2017). Ozel kural formunda olan bu kurallar sol ve sag olarak birbiriyle
baglantili iki bélimden olusmaktadir. Bu iki bolimde nesneler ya da yapilan is yer alir ve eger-sonra
ifadeleri araciligiyla veriler arasindaki iliskiler gosterilir (Tuziintiirk, 2010).
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Sepet analizinde destek ve gliven degerleri kullanilarak Urtinler arasindaki baginti hesaplanmaktadir.
Kuralin guictini 6lcmek icin guvenilirlik, veri tabaninda kuralin ne kadar siklikla gérildigini belirlemek
icin ise destek 6lcutu kullanilir (Erdogan, Giilcan ve Karamasa, 2015). Asadida A b B kurali icin destek ve
guvenilirlik degerlerine ait formdiller yer almaktadir:

Destek degeri : P(A — B) = A ve B mallarini satin alan miisteri sayist
Toplam miisteri say1s1 (15 )
Giiven: P(A/B) = P (A A B) {A ve B mallarini satin alan miisterisayisi}
2)
P(A) {A malin satin alan miisteri sayis1} (2%

Her iki degerin de yiiksek olmasi suirekli ilging ve 6nemi yiksek kurallarin elde edilecegi anlamina
gelmediginden, bir kuralin ne derece ilging oldugu lift degeri kullanilarak tespit edilmektedir (Ates ve
Karabatak, 2017).. Lift 6lctittintin 1'den ki¢ilik ya da buylk degerler almasi ilgincligin arttigini, “1” degerini
almasi ise ilgingligin olmadigini belirtmektedir (Jabbour, Mazouri ve Sais, 2018). Lift degeri denklemi
asagida gosterildigi gibi hesaplanmaktadir.

Lift (A —> B) = destek (A A B) = P(B/A)

3)
destek(A).destek(B) P(B)

Birliktelik kurali olusturmak icin Conviction (Kanaat) ve Leverage (Kaldirag) olctitleri de kullaniimaktadir.
Conviction degeri hesaplanirken, A elemanlarinin, B elemani olmaksizin gériilme olasiliklari hesaplanir.
Eger conviction degeri 1 ise A ve B birbirinden bagimsizdir. Conviction dederi 1'den uzak ise iliskili kural
olusturulabilir (Seker, 2011) .

Conviction (A — B) = 1- destek(B)
1- giiven(A,B)

Leverage degeri ise bir satis verisi tGizerinde A ve B rinlerinin birlikte satimasinin A ve B'nin ayri ayri
satilmasindan ne kadar fazla oldugunu bulmaktadir (Seker, 2011).

Leverage (A = B) = P( A ve B)— (P(A)P(B)) (5X5)

Tablo 1'deki veri setinden olusturulan bazi birliktelik kurallari icin bulunan destek ve glivenilirlik degerleri
Tablo 2'de yer almaktadir.
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APB Destek degeri (s) Giivenilirlik degeri (a)
Ekmek b Yerfistigi yad %60 %75
Yerfistigi yagi b Ekmek %60 %100
Bira b Ekmek %20 %50
Yerfistigi yag b Jole %20 %33,3
Jole b Yerfistigi yadi %20 %100
Jole b Sut %0 %0

Tablo 2. Birliktelik kurallari i¢in destek ve glivenilirlik degerleri

FP-Growth (Frequent Pattern Growth) Algoritmas birliktelik kurali ortaya ¢ikarmak icin tasarlanmis
yontemlerden biridir. Sik driintUleri bulmak icin kullanilan FP-Growth algoritmasi, tiim veri tabanini sadece
iki kez tarayarak maliyeti azaltmaktadir (Erdogan, 2010).

FP-Growth Algoritmasi sistem kaynaklarini verimli bir sekilde kullanabilme, yaygin nesne kiimelerini aday
kiimeleri Gretmeye gerek olmadan test edebilme ve biiytik veri kiimelerinde hizli calisabilme gibi 6zelliklere
sahip olmasiyla diger algoritmalardan ayrilir. Bl ve yonet yaklasimini kullanarak, bir arada sik bulunan
nesneler kiimesini ortaya ¢ikartan FP-Growth algoritmasinin sézde kodu Sekil 2de verilmistir (Erpolat, 2012).

Girdi: FPTree

Cilktn: Tiim sik égekimmeleri
Metod: FP-Growth{Fp-tree mull)
FP-Growth{Tres, o)

i

if Tree tek bir yol P igerivorsa then

for each § (F voluigensindeld diifiimlenin
kombinasyorm) do
sup<—min{b_support | bin F}
Sik dgekiimesi  all{b.ifem |bin 8 } w1
sup destek defen ile iret
else
for each item a ( @ in Tree. header)
sup<—asupport
oU igin sk dgekiimelenni sup destek degen
ile firet
5= oulUnigin sarth &rimtii tanellerin ve sonra
Bicin garth driintil agacmu Tree, olughr
If Tisgy =@ then
FP-Growth(Tieg, 5}
}

Sekil 2. FP-Growth Algoritmasi sézde kodu (Han, Pei ve Yin, 2000)
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4. DAGITIK SISTEMLER

Bir problemin kuicuk is parcaciklarina ayrilarak es zamanl koordine edilmesi paralel hesaplama olarak
adlandirilir. Seri hesaplamada problem her bir zaman araliginda bir komut olmak tizere CPU (Merkezi
islem Birimi)'ne gdnderilirken, paralel hesaplamada dncelikle problem belirli sayida parcalara ayrilarak
her bir problem parcasi bir zaman araliginda bir komut olarak CPU’ya gonderilir (Kuzu, 2014).

Dagitik hesaplama sistemleri blyk bir probleme uygun gérev dagilimi ve baglanti ile ortak ¢6ziim getiren
veya bir isi parcalara bolerek eszamanli gergeklestiren bilgisayar aglaridir. (Tiirkoglu ve Arslan, 2002). Paralel
ve dagitik hesaplama teknolojileri, bilgisayar bilimlerinin tizerinde calistigi, ticari ve ekonomik anlamda
pek ¢ok arastirmalarin yapildigi etkinligini stirdtren alanlardan biridir. Bu alanda Hadoop ve MapReduce
teknolojileri son yillarda 6n plana ¢ikmaktadir (Yildirim, Aydin, Alli ve Tatar, 2014).

5. UYGULAMA

Bu calismada bir giyim firmasina ait veriler tizerinde FP-Growth algoritmasi kullanilarak birliktelik kurali
analizi yapilmigtir. ilk olarak Python Flask ile tek islemci Gizerinde calisan bir uygulama olusturulmus, daha
sonra veriler birden fazla islemciye dagitilarak birliktelik kurali analizi yapilmistir. Orientdb ile veri tabani
olusturulmus ve veri tabani 6rnek sunucuda veriler saklanmistir (http://localhost:2480). VMware programi
ile bilgisayarda sanal bir makine olusturularak mevcut Windows makine tizerinde Linux isletim sistemi
kurulmustur.

Sekil 3'te baslangic ekrani verilen sanal makine 8 GB hafiza, 50 GB sabit disk, 4 islemciye sahiptir.

D Cent0$6.5 - VMware Workstation - u] %
File Edit View VM Tabs Help P v [ 2 0B85
fey * || @ vome [F] Cent0s6.5

£ Type here to search -

T [T centos6.5

] Cent0S6.5
T Shared VMs

* Devices

E=IMemory 868

[} Processors 4

=2 Hard Disk (SCS1) 50GB

(@ CD/DVD {IDE) Using file C:\Pro...
21 Network Adapter NAT

[E] USB Controller Present

s Sound Card Auto detect

& Printer Present
[CIDisplay Auto detect

~ Description

« Virtual Machine Details
State: Powered off
G ion file: D:\Centos6.5\Cent056.5.
Hardware compatibility: Workstation 12.x virtual machine
Primary IP address: Network information is not available

Sekil 3. VMware Centos6.5 baslangi¢ ekrani
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FP-Growth algoritmasi kullanilarak birliktelik kural olusturmak icin gelistirilen uygulama ilk calistirldiginda
http://localhost:5000 veri tabani sunucusuna baglanti yapiimasini istemektedir. Sunucuya baglanildiginda
veriler okunmaya baglayacaktir.

client = pyorient.OrientDB("localhost", 2424)
client.set_session_token(True)
client.db_open(“pcrmdatabase”, "root”, "123456")
sessionToken = client.get _session_token()

del client

client = pyorient.OrientDB("localhost™, 2424)
client.set_session_token(sessionToken)
klient.Set_SESSion_token(True) # set true
client.db_open(“pcrmdatabase”, “root™, "123456")
new _sessionToken = client.get _session_token()

assert sessionToken !'= new_sessionToken
## product get category for analysis
class getproductcategory(Resource):
def getiself):
myarraylist = []
print(time.strftime("%H:%M:%5"), ‘Data Okunuyor®)
records = client.query(”Select list(distinct(product_name)) f
printi{time.strftime("%H:%M:%5"), 'Data basariyla okundu’)
for x in ranae(@. len(records)):

Sekil 4. Tek islemcili uygulamanin kod yapisi

for x in range(@, lenirecords)]:
try:
myarraylist.appendirecords[x].oRecordbatal

except:
printisys.exc_infollle])
printitime.strftims(“%H:%MN:%5"), 'Fp Growth baslatiliyer')
trans = read_from_json_basket(myarraylist)

rules = fimd association_rules{trams, &.5, 8.7}

i = json.dumps(rules)

print{time.strftime("%H:%M:%5"), 'Fp Growth basariyla bitirildi.’)
time.sleepl 1]

printirules)

return rules

apl.add resource (getproductcategory, '/', methods =['GET"])
if _name__ == '_main__":

_app.rﬁidﬁt-uq=Truc. host='lecalhost’', port=5886)

Sekil 5. Tek islemcili uygulamanin kod yapisi (devam)

Sekil 4 ve Sekil 5'te kodlari verilen tek islemcili uygulama 100 adet veri tizerinde calistinldiginda analiz 54
saniye stirmus ve sonucunda ¢ok sayida kural Gretilmistir.
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"consequents™: "BL2539 CONSPIRACY RAZOR OQUTDRY",
"confidence™: 1.8,

"Lift": 34.5,

“antecedent”: "SL7964 Bugaboo Interchange Jacket™,
'5up count AC": 1,

"sup_ count A": 1,

"conviction™: 6.8,

"sup count C": 2,

"leverage”: B.0140872673808023524

Sekil 6. Kural 1

Sekil 6da elde edilen kurala gére ayakkabi alinirken %100 olasilikla (confidence:1.0) ceket de alinmustr. iki
(irlin faturada toplam (sup_count_C) 2 kez birlikte alinmistir. Elde edilen kuralin lift degeri 34.5 olarak tespit
edilmistir. iki Grinin birlikte satilmasinin ayn ayn satilmasindan ne kadar farkli oldugunu belirlemek icin
leverage 6lciitt kullaniimistir. Conviction degeri 1'den uzak oldugu icin iliskili bir kural olusturulabilmistir.
Sekil 7de uygulamaya ait tim analiz sonuglari verilmistir.

Shemefuser /Desk tap/Pycharmftugeeproj e/virtualeny fhinpython
fhomefuser/Desktop/Pycharm/tugceprojefwebservice/ram_1le_web_uygulamasi.py
* Rumrning on hitp:/rflocalbost:S0@AF (Press CTRL-C to quitl]
* Restarting with stat
* Debugger 15 actiwve!
v Debugger PIN: 143.9045.047
©9:44:56 Data Okunuyor
@9:45:58 Data basariyla okundu
00:45:50 Fp Growth paslatiliyor
©9:45:58 Fp Growth basariyla bitirilidz.
[{'consequents’: "CL9948 W THERMARATOR GLOVE, SM9421 M Wind Bloc Glove', 'confidence':
1.8, 'lLift': &9.8, 'antecedent’': 'WLS37H VARALUCK ITI MID JACKET', "sup count AC': 1,
‘Sup_count_A': 1, ‘conviction': ©.@, 'sup count_C': 1, 'leverage': B
LB14282713715605066), {'consequents': "CL9848 W THERMARATOR GLOVE, WL5378 VARALUCK ITI
MID JACKET', *confidence': 1.8, 'lift': 69.8, 'antecedent': 'SM3421 W Wind Bloc
Glove', 'sup _count_AC': L, 'sup_count_A': 1, 'conviction': 9.8, 'sup_count_C': 1,
'levarage’; 8.014282T7137156685966}, {'conseguents’': 'SMO4381 M Wind Bloc Glove',
‘confidence: 1.8, 'lift': 69.@, 'antecedent’: 'CL9@48 W THERMARATOR GLOVE, WLS3TE
VARALUCK 111 MID JACKET', 'sup_count AC': 1, 'sup_count_A': 1, "conviction': 6.8,
‘sup_count_C': 1, ‘leverage’: 0.014282713715865966), { consequents’: ‘WL33IT8 VARALUCK
III MID JACKET', ‘confidence’': 1.8, *lift': 69.8, 'antecedent’: 'CLIDAE W THERMARATOR
GLOVE, SM3451 M Wind Bloc Glowe', ‘sup_count_AC': 1, 'sup_count_A": 1, 'conwiction':
- - ".||||_|l::-||l'|l_.-lf'! 1, 'll"'\-r'r'r.:lt;l": EI.B]-i?F!J?l'!?EEﬁ-I?IE'-‘.IﬁE}, {'|-::-||'-.|,*l::|||{'||f.'.'! 'CLODAR W
THERMARATOR GLOVE' , 'confidence': 1.6, 'lift'! 13.799999099993090, ‘antecedent':
'WLS3T8 VARALUCK III MID JACKET, SM94BL M Wind Bloc Glove', 'sup count AC': 1,

Sekil 7. 100 adet veri ile tek islemci Uizerinde uygulama sonucu

Sekil 8'de tek islemci Uzerinde ¢alisan uygulamanin dort islemci tzerinde dagitilarak calistiriimasini
saglayan kodlar verilmistir.
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sys.getdefaultencoding! ) .encodel "wtf-8")

client = pyorient.OrientDB{"localhost™, 2424}
client.set_session_token(True)
client.db_open|“pcradatabase”, “root”, “123456%)
sessionToken = client.get_session_token()

del client

client = pyorient.OrientDB("Localhest™, 2424}
client.set_session_token{sessionToken)
client.set_session_token(True) & set true
client.db_open(“pcradatabase”, “root”, "123456")
new_sessionToken = client.get_session_token()

assert sessionToken != new_sessionToken
myarraylist = []
print{time.strftime("%H:%M:%5"), ‘'Data Listesi Olusturma baslatildi,')

records = client.query(“Select list{distinct{product_name)) from
"thl_product_transaction_line where transaction_group_code in
“{Select transaction_group_code az siparis from ™
“thl_product_transaction_line Limit 1068) group by *
“transaction_group_code™)

printitime.strftime("%H:%M:%5"), ‘Data Liste olusturuldu.')
for x in rangei{®, lenirecords)):
try:
myarraylist.append(records(x].oRecordbata)
except:
print{sys.exc_info{)[0]}
printitime.strftime("%H:%M:%5"), "Process Start')
def af)]
trans = read_from_json_basket{myarraylist)
rules = find_association_rules{trans, 0.5, 08.7)
4 = json.dumps(rules}
time.sleepl(l)
printirules}
return rules
results = [al} for 1 in rangeld}]
print{time.strftime("%H:%M:%5"), 'Process Finished')

Sekil 8. islemcilerde dagitik mimari olusturma kodu

Kodlari dort islemci Gizerinde 100 adet veriyi dagitarak calistirdigimizda olusan sonug Sekil 9 ve Sekil
10da verilmistir. Dort islemci Uizerinde 48 saniye suirede bir adet ayni kural Uretilmistir. Dort islemci de
ayni anda calistiriimis ve tek islemci tizerinde ¢alistirilan uygulamaile elde dilen kuralin aynisi dort islemci
tarafindan daha kisa strede Gretilmistir.

Shomefuser fDesktop/Pycharm/ tugceproje/virtualenv/bin/python

Jhomejuser /Desktop/Pycharm/ tugceproje/webservicefislemci _ile konsol_uygulamasi.py

18:16:39 Data Listesi Olusturma baslatildy,

18:17:23 Data Liste olusturuldu.

18:17:23 Process Start

[{ sup_count_A': 1, 'sup_count_AC": 1, 'lift': 69.8, 'consequents”: 'WLS378 VARALUCK
III MID JACKET', ‘“conviction': @.8, 'sup_count _C': 1, 'leuerage': B.014282713715685966,
‘confidence’': 1.8, "antecedent': *SM3481 M Wind Bloc Glove'}, {"sup count A°: 1,
‘sup count AC': 1, 'lift': 69.8, 'comsequents': 'SMI481 M Wind Bloc Glove®',
‘conviction'; €.8, ‘sup_count_€': 1, “lewerage': 8.814282713715685966, “confidence';
1.9, "antecedent': 'WLS378 VARALUCK III MID JACKET'}, {'sup_count_A': 1,
‘sup_count_AC': 1, ‘lift': £9.8, 'consequents': 'CUS284 Columbia Bugascarf’,
'eonviction': 8.8, 'sup_count_C': 1, "leverage': 9.8142827137156859656, 'confidence':
1.8, "antecedent': 'CL9724 W Thermarator Glove'}, {'sup_count_A': I, "Sup_count_AC':
1, "lift": 69.8, ‘consequents': "CL9724 W Thermarator Glowve', ‘conviction': 8.8,
‘sup_count_€': 1, ‘leverage’: @8.014282713715665966, ‘confidence': 1.8, ‘antecedent':
"CUB20d Columbia Bugascarf'}, {'sup count A': 1, "sup count_AC': 1, 'Lift': 34.5,
‘consequents’; "ALBS9G SATURDAY TRAIL II STRETCH LINED PANT®, ‘conviction': 8.8,
‘sup_count_C': 2, 'leverage’: 0.0140726738080823524, 'confidence': 1.8, "antecedent':
"ALG586 Dotswarm IT Fleece Full Zip'}, {'sup_count_A': 1, 'sup_cownt_AC': 1, 'lift':
23.8, 'consequents': 'SMB368 BUGABOD II PANT', 'conviction': 0.8, 'sup_count C': 3,
“leverage': 6.813862633900441684, 'confidence': 1.6, 'antecedent®: 'AMG19T KLAMATH
RANGE FULL ZIP'}, {'sup_count_A': 1, °"sup_count_AC': 1, *lift": 69.8, 'consequents':
‘WM7118 RARE EARTH PARKA', ‘conviction'; ©.8, 'sup_count_C': 1, *leverage’;: @

Sekil 9. 100 adet verinin islemcilere dagitilarak uygulamanin calistinlmasi (devam)
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'sup_count_AC': 1, 'lift': 34.5, 'consequents': 'WM1853 BUGABOO INTERCHANGE JACKET',
'conviction': 8.8, 'sup_count_C': 2, 'leverage': B.014872673808023524, 'confidence':
1.0, 'antecedent': 'EL4735 Mia Monte II Jacket'}, {'sup_count_A': 1, 'sup_count_AC':
1, 'lift': 69.8, 'consequents': 'CU9857 Thermarator Hat', 'conviction': @.0,
‘sup_count_C': 1, 'leverage': 0.0142827137156085966, 'confidence': 1.8, 'antecedent':
'AMBES89 Mens Heavyweight Long Sleewve Top'l}, {'sup_count_A': 1, 'sup_count_AC': 1,
'lift': 69.8, 'consequents': 'AM6889 Mens Heavyweight Long Sleeve Top', 'conviction':
8.0, 'sup_count_C': 1, 'leverage': 0.0814282713715605966, 'confidence': 1.0,
‘antecedent': 'CU9857 Thermarator Hat'}, {'sup_count_A': 1, 'sup_count_AC': 1, 'lift':
34.5, 'consequents': 'BL2539 CONSPIRACY RAZOR OUTDRY', 'conviction': 0.0,
‘sup_count_C': 2, 'leverage': 0.014072673808023524, 'confidence': 1.0, 'antecedent':
'WM7118 RARE EARTH PARKA'}, {'sup_count_A': 1, 'sup_count_AC': 1, 'lift': 23.0,
‘consequents': 'BCKO4 CONVERSE BAGCIK 148 CM DESENLI PAKET', 'conviction': 0.0,
‘sup_count_C': 3, 'leverage': 0.013862633900441084, 'confidence': 1.0, 'antecedent':
'31235C CT KIDS CHUCK TAYLOR ALL STAR CORE/BLACK'}, {'sup_count_A': 1, 'sup_count_AC':
1, 'lift': 69.0, 'conseqguents': 'CU8204 Columbia Bugascarf', 'conviction': 0.0,
‘sup_count_C': 1, 'leverage': 0.014282713715605966, 'confidence': 1.0, 'antecedent':
'CU9857 Thermarator Hat'}, {'sup_count_A': 1, 'sup_count_AC': 1, 'lift': &9.8,
‘consequents': 'CU9857 Thermarator Hat', 'conviction': ©.0, 'sup_count_C': 1,
'leverage': ©.814282713715605966, 'confidence': 1.0, 'antecedent': 'CUB284 Columbia
Bugascarf'}]

10:17:27 Process Finished

Process finished with exit code @
Sekil 10. 100 adet verinin islemcilere dagitilarak uygulamanin ¢alistirimasi (devam)

Farkli boyutlardaki veriler Gzerinde uygulama calistirilarak deneyler yapilmis ve elde edilen sonuglar Tablo
3'te gosterilmistir. Web uygulamasi ile islemcilere dagitilarak calist irilan uygulama arasindaki kural Gretme
stiresinin veri miktar arttikca arttigr gortlmustdr.

Veri Siire Siire Fark
(Satir) (Tek islemci ile) (4 islemci ile)

100 54 saniye 48 saniye 6 saniye

500 4 dakika 3 saniye 3 dakika 15 saniye 48 saniye
1000 7 dakika 23 saniye 6 dakika 1 dakika 23 saniye
2000 14 dakika 31 saniye 12 dakika 7 saniye 2 dakika 24 saniye
3000 20 dakika 21 saniye 17 dakika 7 saniye 3 dakika 14 saniye
4000 33 dakika 9 saniye 27 dakika 21 saniye 5 dakika 48 saniye
5000 44 dakika 7 saniye 31 dakika 29 saniye 12 akika 38 saniye

Tablo 3. Olusan fark tablosu
6. SONUC

Veri madenciligi kullanilarak isletmelerin daha etkili kararlar alinmasini saglayan egilimler ve davranis
kaliplari ortaya ¢ikariimaktadir. Birliktelik kurali veri madenciliginde yararl ve kullanish bilgi elde etmek
icin kullanilan tekniklerden birisidir. Calisma kapsaminda Python programlama dili kullanilarak FP-Growth
algoritmast ile veri eklendikge yeni kurallar Greten bir uygulama gelistirilmistir. Birliktelik kural analizi igin,
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veriler islemcilere dagritilarak uygulama calistirilmis ve daha kisa stirede kurallar olusturulmustur. Farkl
veri boyutlar Gzerinde deneyler yapildiginda, veri miktar arttikca tek islemcili uygulama ile dort islemci
lzerinde dagrtik olarak calisan uygulama arasindaki siire farkinin da arttigi gortilmastar.
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Abstract

The recognition process for a single face can be completed in relatively less time. However, large scale
implementation that involves recognition of several faces would make the procedure a lengthy one. Cloud
computing service has been employed in this paper to provide a solution for scalability, where cloud computing
increases the essential resources when larger data is to be processed. The programming and training of the
developed system has been done in order to detect and recognize faces through cloud computing. Viola and
Jones algorithm is employed for detecting faces that used integral image, cascaded classifiers, five sorts of
Haar-like features, and Adaboost learning method. Face recognition has been done using Linear Discriminant
Analysis (LDA), as it is more efficient compared to Principal Component Analysis (PCA) algorithm. Several
MUCT database images have been used for assessing the performance of system.

Keywords: Histogram equalization, Cloud computing, Face detection, Viola and Jones algorithm, Linear
Discriminant Analysis.
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BULUT DOGRULAMA TEMELLI YUZ TANIMA TEKNIGi

Oz

Tek bir ylz icin tanima siireci nispeten daha kisa slirede tamamlanabilir. Bununla birlikte, birkag yiiziin
taninmasini iceren biytk 6lcekli uygulama, prosediirii uzun bir hale getirecektir. Bulut bilisim hizmeti, daha
fazla veri islenecegdi zaman bulut bilisimin temel kaynaklari artirdigi bir dlceklenebilirlik ¢c6zimi saglamasi
icin bu aragtirmada kullaniimistir. Gelistirilen sistemin programlanmasi ve egitimi, bulut bilisim yoluyla ytzleri
tespit etmek ve tanimak icin yapilmistir. integral gériintii, basamakli siniflandiricilar, bes cesit Haar benzeri
ozellikler ve Adaboost 6grenme yontemi kullanilan yiizleri tespit etmek icin Viola ve Jones algoritmasi kullanilir.
Yiiz tanima, Temel Bilesen Analizi (PCA) algoritmasina gore daha verimli oldugu icin Dogrusal Diskriminant
Analizi (LDA) kullanilarak yapilmistir. Sistemin performansini degerlendirmek icin cesitli MUCT veritabani
gorintdleri kullaniimistir.

Anahtar Kelimeler: Histogram esitleme, Bulut bilgi islem, Yiiz algilama, Viola ve Jones algoritmasi, Dogrusal
Diskriminant Analizi

1. INTRODUCTION

Computers have become a much significant element of life in current times. They have found applications
in almost all areas of life may it be work, fun, research or other similar domains. This constantly increasing
computer usage in daily life has resulted in an escalated need of resources relevant to computing (Karthik,
2010). The highly established organizations like Microsoft, Google or similar can easily make use of these
resources according to their needs at any point of time (Jagadish, 2014). But, cost is certainly a considerable
factor for smaller organizations. A solution has been provided by cloud computing to huge infrastructures
for problems such as software viruses, crashing of hard drive, machine or equipment failure etc,, so that
such issues can be nullified (Younis, 2013). Furthermore, the different shapes and positions as per the
circumstances have made the detection of humans within images quite complicated and tricky. Besides
this, a lot of resources are needed during the recognition and detection of faces, especially in case of
very big databases (Cheng, 2015). There is an increased requirement of computing capabilities because
of the usual challenges faced in allocation of resources, which are substantial for bigger corporations.
Considering the launch of cloud computing, it has become quite feasible to merge cloud computing
with the requirements of resources for facial recognition and detection.

1.1 Face Detection

Face detection has become an interesting topic of research at present. The image processing market is
giving considerable attention to face detection (Ogbu , 2013). Face detection has offered an efficient
coding scheme in the domain of video calls and teleconferencing. It is basically referred to the procedure
of human face identification in images and videos (Kalyani, 2013). It is fundamentally a unique function
of image segmentation. The portioning of a digital image or video frame has been done through image
segmentation method into different segments i.e. set of pixels. Things are essentially made simple by
means of image segmentation, which expresses major elements of digital images, thus leading to easier
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detection of face. During face detection, a preprocessing step is required by all the face analyzers as well
as face recognition systems (lan, 2008). The main motive behind image segmentation is to process the
image and split it into a number of parts (Puja, 2012). At this stage, the main focus is to splitimages into
elements being connected strongly within objects. A major role is played by segmentation in image
analysis applications (Rajesh, 2012). The detection of exact position of human face within provided image
is pretty complex (Senthil, 2012). The following sections have covered a comprehensive discussion on
face detection process, its importance and encountered challenges.

1.1.1 Applications of Face Detection

Face detection and analysis in machine vision are required by numerous applications of real world. Some
of these applications are as follows (Ganesh, 2013):

« Person identification at time of login
« Interaction between human and computer, such as mouth and eyes tracking etc.

« Video calls while doing video conferences

1.1.2 Challenges in Face Detection

Face detection has become a challenging process due to the following factors (Peter, 2011):
+ Scale
« Direction or posture
- Expressions of face
+ Resultant brightness owing to variations in illumination
« Video frames or resolution of images
« Facial cover due to beard or glasses etc.

« Variations in background like complicated/basic and still/dynamic.

1.2 Face Recognition

The capability of human beings to interact with objects or with each other is fairly reliant upon their
recognizing capabilities (Nilesh, 2016). The identification and recognition of objects becomes easy because
of this capability. The development of an automatic system for face detection by using machines would
be easier, once a substantial understanding and knowledge has been attained regarding the cognitive
aspect of human brain mechanism (Sung, 2010). Presently, the face recognition method has gained
noteworthy attention and found various applications in law enforcement as well as commercial areas.
For example, the videos captured by security cameras can be reviewed in case of robbery in banks and
valuable items shops etc., which can help in the detection of culprits’ faces by comparing them with the
criminal records maintained by police.

Besides this, active research has been going on in this domain due to the unavailability of an ideal model
or approach till date, which can perform the facial recognitions in a perfect manner (Hiroyuki, 2007).
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1.3 Cloud Computing

What is exactly meant by the term ‘cloud computing’? It is basically a computerized model in which
information (data) and functions are established in massive data centers within cloud, which is accessible
to every device connected to the network (Alireza, 2013). A demonstration of directly related expressions
is required by cloud computing, just like other definitions relevant to this subject. Although there is not
any particular definition for this, however, it is possible to define it generally.

Cloud computing is the first thing one can think of while considering the things required by us most
of the time. Thus, it has become essential to raise the capability of computing methodology or append
extra abilities that are able to perform within advanced infrastructure, allow latest software and offer
newest techniques of staff learning. Both paid as well as subscription-based facilities are provided by
cloud computing that are helpful in extending the present capacities of real time communications and
information technology.

The recent time is considered as a quite essential phase of cloud computing having a broad and extensive
range of providers. Small, medium and large groups have offered numerous cloud-based services, including
spam filtering, storage facilities, full blown applications and lot more (Zahid, 2012).

The word“cloud”is the origin of term“cloud computing”that refers to the internet-based development, whereas
“computing” means the use of computer technology (Alireza, 2013). This computing method can be scaled
and involves virtualized resources that effectively offer functions based upon internet. This is not necessary
for user to possess complete knowledge or expertise in the cloud technology infrastructure (Ming, 2010).

Cloud computing has lately turned out be one of the most boosted advancements of information
technology (Jie, 2015). The cloud computing approach is the latest standard that has opened doors
for massive opportunities in several fields. It is in fact a combination of devices and servers that
are publically accessible via internet (Blanz; Vetter, 2003). The users are allowed to use uninstalled
applications by means of cloud computing, moreover, cloud computing also facilitates users in
accessing data from any gadget having access to internet. Several important functions that need
internet connection are offered by cloud computing such as infrastructure, programs, hardware and
storage of data etc. (Rupali, 2017).

1.3.1 Benefits of Cloud Computing

1. Enhanced capacity: Cloud computing requires less time and smaller workforce for completing
huge tasks

2. Lower cost: No expensive devices are required since typical customer’s programs, data and
computers are employed in cloud computing

3. Ease of access: Cloud computing facilitates users in accessing their data at any corner of the world
with any gadget having internet access

4. Less training expenses: Since smaller number of personnel is needed for completion of tasks in

cloud computing, therefore, users are only required to have basic knowledge about the issues
related to software and hardware.
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1.3.2 Characteristics

1. Self Service available on demand: The customers are provided with all the requisite computing
facilities by cloud

2. Wide Network Access: The customers can easily access the cloud applications by means of laptops,
personal computers, smart phones etc. via internet

Extensive Resources: The cloud designed funds are provided to customers as per their requirements

4. Quick Turnaround: Requirements are swiftly identified through cloud computing, and identified
functions are returned in accordance with requirements

5. Check and Balance on Services — The resources consumption is controlled by the cloud provider
(Deniz; et la., 2003).

1.3.3 Offered Services

Data centers: Hardware resources for raw calculations, data storage and networking are offered by data
centers, within cloud computing technology infrastructure. In general, the set up of data centers are laid
in areas having less population, lower energy charges and minimum possibility of natural calamities. A
lot of servers, connected with each other, are included in the data center setup (Deniz; et la., 2003).

1. SAAS Model: Through this model, software applications such as Microsoft office, Turbo C, and so on are
offered as a utility by the providers to cloud clients. The software is then finally made available for users in
the form of an on-demand facility through application layer, typically in browser. Nearly all organizations
involved in e-commerce have embraced this service. This facility is a substitute of applications that run
locally and that too with some important additional benefits. The clients are mostly not required to do
installation and frequent updating of applications, which are being run on their personal systems through
cloud. This service facilitates users by saving their disk space plus time, as a result enhancing ease of
access and usage (Deniz; et la., 2003).

2. PAAS Model: A platform for computations is given by cloud providers to the cloud customers under
this model, which includes operating systems, database, web servers etc. Platform layer, the second
layer, adds on an extra abstraction level to the facilities provided by Infrastructure Layer. This leads to an
effective combination that provides a whole platform for application designing, control, implementation,
analysis and further improvements. In particular, programming models and APIs for cloud functions are
offered by this layer, such as, Map Reduction

3.1AAS Model: Each company has a major objective of reducing charges and timing of operations. These
most important goals can be achieved through the implementation of IAAS model. This layer manages
the fundamental data center resources and offers them to clients as services in the form of storage space,
computational power, virtualized communications, and other essential computing basics that are needed to run
software. The companies offering such services are typically called Infrastructure Providers (Deniz; et la., 2003).
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1.3.4 Cloud Deployment Models

The classification of cloud infrastructure can be done on the basis of its deployment model. Presently,
three main deployment models have been acknowledged by the IT community including public, hybrid
and private clouds. However, some other models like community clouds and virtual private clouds are
also under consideration.

Public Clouds: Those companies that sell cloud services own the cloud infrastructure in this deployment
model. The resources are offered by these companies to large groups of industries including Amazon,
Microsoft, and Google, as well as to general public. These types of clouds offer several benefits to the
users, as the set up has been done without any substantial investment and the pertinent natural threats
have been conveyed to the infrastructure providers. On the other hand, there are certain constraints as
well, for instance, lack of fine-grained data control, network settings and security, which hampers the
activities within a few business environments (Deniz; et la., 2003).

Private Clouds: Though the development of a cloud network has been done around widespread clouds,
but more interest has been shown by corporations in such tools of cloud computing that are open-
source, which makes easy for them to create private clouds by using own or rented infrastructures. For
that reason, the major motive behind the deployment of private clouds is to provide company clients a
flexible, unique and smart infrastructure rather than providing internet based services, and to drive service
workloads inside the managerial spheres. The maximum level of control is provided by this model over
the performance, precision and privacy of resources (Deniz; et la., 2003).

Hybrid Clouds: A company develops a private cloud over its own infrastructure that retains the advantage
of managing aspects related to performance and security, as well as provides the opportunity of using
supplementary resources from public cloud according to the needs; such as in case of high demands
upon the infrastructure of an online dealer, particular during vacations season. Keeping this in view, a
vigilant decision is needed by hybrid cloud for categorization of specific and general parts of cloud, and
the charges of implementing interoperability between these two deployment models (Deniz; et la., 2003).

Community Clouds: These clouds occupy a spot somewhere in between the public clouds and private
ones. Community clouds are neither entirely accessible for common people like commercial services
nor under the control of single company as in the private clouds. This cloud infrastructure is offered to a
particularly classified group of companies that have similar concerns and interests.

Virtual Private Clouds: These clouds are one more strategy for dealing with the typical and particular
weaknesses of could. A platform has been established under this model over the infrastructure of public
cloud, with the purpose of replicating a private cloud that manages the technology of Virtual Private
Network (VPN) (Deniz; et la., 2003).

1.4 Authentication Types

Password authentication is considered to be the most common method of authentication. This form of
authentications requires the users to create a specific key (password) that is known only to them. However,
there are numerous limitations of password based authentication, like weak password strength. Moreover,
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not just the handling of passwords is tough but it is also a quite insecure approach as they can be guessed
or cracked effortlessly by professional hackers. The hacking tools have also developed with the constant
growth of technology, thus making it simpler to crack credentials of individuals. Along with the hit and
trial method, an established technique named brute-force attack is also typically used by the hackers.
The hackers use a software program under this technique, which runs through all possible password
passwords cannot be remembered easily thus this authentication approach is generally regarded as weak
and less user-friendly (Killoran, 2018).

Smart card based authentication is another important authentication type, where a pin code is used that
is printed at the back side of card. But this can become quite critical if the card is lost somewhere as it
will become vulnerable to attack.

The third form of authentication is known as biometric authentication, in which image verification is done
through fingerprint scan that is matched with the information stored in database. Biometric authentication
is recently replacing the password based authentication system. This technique is preferable since it is quite
fast and easier for users as they are not required to create and remember complex and lengthy passwords.
Furthermore, this authentication type offers more security with respect to password authentication, as
the unique genetic features cannot be cracked or duplicated quite easily (J. L, 2018).

Another major type of authentication involves face recognition approach, where the expected ID is
basically the output of face recognition process. This ID has to be matched with the stored details of
authorized individual in the records. This type of authentication is considered to be a promising approach
for providing improved security. The face recognition software takes help of aliveness detection and facial
data points for authenticating the users in a precise manner (Onespan, 2018).

2. METHODOLOGY

Human beings recognize numerous faces effortlessly on daily basis. The ease of access, embedded systems
and inexpensive desktops have led to increased interest in involving digital image processing in a lot of
functions and applications, such as management of multimedia, interactions between human and computers,
and biometric authentications. This has resulted in the analysis and enhancement of approaches based
on dynamic face recognition. A number of benefits have been noticed in the face recognition approach
as compared to other modalities of biometric like fingerprint or iris scan. Furthermore, face recognition
is more normal and non-invasive. The major plus is that it is possible to capture and detect face at any
point or under vague situations. Amongst the biometric characteristics described by Hietmeyer (Stan,
2011), the most amount of conformity has been witnessed by face features within Machine Readable
Travel Documents system (Scott, 2000).

The elementary dynamic system for recognizing faces has been developed by Takeo Kanade during PhD
research, back in the year 1973 (Dufaux, 2006). No substantial developments have been witnessed by the
automated face recognition field until Kirby and Sirovich carried out research on a miniature portrayal of
facial dimensions, by using Principal Component Analysis (PCA) or Karhunen- Loeve convert. The research
interest in this domain is aggravated by the Pentland and Turk work related to Eigen faces (Phillips,2010).
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Other major advancements in the area of faces recognition take in Fisher face method (Avidan, 2006);
(Paula, 2009) involving Linear Discriminant Analysis (LDA).

2.1 Proposed Methodology

The method of face recognition is generally started by taking a video or picture as an input. The target
is to detect or recognize some object existing inside the input. Figure1 has shown the major steps that
form the proposed face recognition system.
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Figure 1. The Proposed System
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2.2 Image Preprocessing

A number of researchers have been showing keen interest in the domain of image processing and
numerous applications have involved the image analysis process. The scientists have been successful in
accomplishing new objectives in this area such as segmentation of images, restoration and compression
etc,; so that the existing procedures of image processing are improved and new techniques are discovered
to solve the limitations of this field. Image processing has most recently found applications in different
areas like processing of satellite, molecular and clinical images by using different image processing
techniques (Stan, 2011).

2.3 Gray image

In various domains, it has been considered a useful application of image processing to translate a colorful
image into a grayscale one. Three main colors including Red, Blue and Green form a pixel in case of a
colored image. All these three colors are applied along the three dimensions i.e. XYZ axis concisely by
considering the attributes of brightness, hue and purring. Under the brightness factor, the image color
quality is provided by the number of bits based upon color indication (Stan, 2011). 8 bits and 16 bits are
used for representing basic and high-quality colored images respectively. Moreover, an actual colored
image is indicated by 24 bits but it takes 32 bits to denote a dusky one.

Bit number represents the maximum value of various color numbers that are given by the digital appliance.
For instance, if every color in RGB (Red, Green and Blue) takes 8 bits then the integration of these colors will
be shown by 24 bits, offering a broad range of around 16,777,216 colors. Within the colored picture, the
pixel color is basically denoted by this 24-bit representation. In case of a grayscale image, the intensity of
light is symbolized by an 8 bit value. The pixel amplitude intensity of grayscale images is within 0 to 255.The
translation of a colored image to that of grayscale version is actually to transform RGB (24 bit) into grayscale
(8 bit) (Stan, 2011). This similar process, involving 3 stages, is employed by every grayscale method, i.e.

1. To acquire values of RGB pixel
2. To perform mathematical calculations for translating these obtained values to one gray value
3. To use following equation to substitute RGB values with the gray ones

Gray = 0.2989 (Red) + 0.1140 (Blue) + 0.5870 (Green)

2.4 Equalization of Histogram

It is a general technique adopted for enhancing a poor quality image. Histogram equalization is somewhat
same as histogram stretching, but usually more visually satisfying outcomes are offered by it with an
extended range of images (Roger, 2010). The outcome of histogram with a mount that has been closely
assembled, in order to unfold or smooth histogram, creates a profound interpretation of dark pixels
while a trivial display of lighter ones. Appearance is a major concern, as it is not possible for dark pixels
within images to go extra dark, however, they will be shown as darker one because of those pixels that
are comparatively lighter to them.
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The process of histogram equalization can be divided into 4 major steps for digital images (Roger, 2010):

1. To identify the values of histogram
To normalize the values attained at the first step

To multiply the normalized values with the gray level value and round off.

> wN

To use 1-1 correspondence for mapping the 3 step outcome to gray level

The cumulative distribution function (CDF) is given by the equation below:
CDF.(y)=2]-, H(J)

2.5 Face Detection

The latest face verification applications are in need of efficient face detection procedure. The image
of a face is seldom normalized prior to storing it in the database. The face detection system is aimed
to determine if any face is present in an image, and if yes, then to validate and locate that. It has been
observed through numerous analyses that the major challenges in detecting faces are due to posture,
expressions, color of skin and ethnicity. In addition to this, a number of other external causes that may
affect the detection system include quality of image, complex background and inaptness with lighting
conditions (Brown et al. 2000). The important approaches that can be adopted for performing face
detection include appearance based approach, template matching approach, feature invariant approach
and knowledge-based approach.

2.5.1 Viola Jones

The first method that allowed the quick detection of objects was put forward by Paul Viola and Michael
Jones, back in the year 2001 (Neeti, 2014). This method used Adaboost machine learning for facilitating
the quick and precise object detection. It has been considered as a most important mechanism for object
detection, where sufficient detection rate has been offered in real time. Viola Jones method is capable
of learning various object classes through Haar-like feature, in order to identify a range of objects. This
method is mostly recommended to solve the problems in face detection process (Neeti, 2014).

Following are the main aspects of Viola and Jones algorithm:

1. The integration of images was first and foremost done by Papageorgioun (Paul, 2001), which
helped in indicating Haar-like features during fast rectangular calculations of face detection tool.
At the place u, w, the fundamental image has involved the pixel addition in the left and on top of
u, w (Stan, 2011):

iww) = )W),

T s w
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2. The process of filtering Haar-like features depends on how the images are classified by the Viola
and Jones' process, where the pixels are not put in use directly. However, a whole selection
process is carried out for implementing characteristics, which facilitates in the adaptation of ad-
hoc field and code knowledge of functional properties. Besides this, it is also possible to rapidly
increment the system using pixels. Moreover, a broad significant impact of Haar-like features has
been observed in face detection. Once the primary image is identified, this will be followed by
immediate detection of each Haar-like property at all places or scales. Figure 2 has displayed the
types of Haar-like features.

Edge features

A <@<S

(@) (b) (c) (d)

Line features

1y sl $$Ee

Center-surround features

|
(a) (b

Figure 2. Examples of Haar-like features

3. AdaBoost training is basically a machine learning technique. In this process, some weak classifiers
are selected that are then perfectly specified by one Haar- like feature, which are eventually
combined to develop a strong classifier (Jensen, 2008).

A weak classifier [M ()] that is N (1) multipart is shown as:
M(u) = {1 if P,N;(u)< P,p,;
0 otherwise

Here ¢p, symbolizes ideal threshold and p, refers to equality. The unequal sign is due to this reason which
minimizes the unclassified number of cases. The parameter u indicates a subnet window of image pixel
(24 x 24)
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At every turn, the algorithm collects just one weak classifier that can do effective categorization of negative
and positive case examples within the learning set. A bigger value weight is provided in the following
rounds through the negative address cases, while the right ones will offer a smaller value weight (Paul, 2001).

The following resultant strong classifier M (1) is the output of linear integration of weak ones:

T

M) ={t ¥ Zrathgtx) = YZ-'::E

t=1
0 otherwise

4. Cascaded Classifiers

A cascaded classifiers configuration has been created by Viola and Jones, where a chain of strong
classifiers are involved, in order to swiftly discard the poor areas of an image. These strong classifiers
are put within cascaded form in an increasing order with respect to complexity. This helps in
disposing of several areas that are rare for compound faces in an effortless manner, as lengthy
calculations are to be done subsequently on the contender’s regions (advanced classifiers). This
approach helps in incrementing the detection performance and reduces the calculation time as
well. Viola detector based AdaBoost learning is both fast and precise; moreover, its application
is easy and yields high efficiency. Along with these advantages, the main drawbacks are more
amount of time needed for training and the deep search done by it all through the feature space
(Jensen, 2008).

2.6 Crop

Face cropping is considered to be an important step to achieve an effective rate of recognition. In this
section, a smart graphic tool is employed for removing the unwanted portions of an image. Extraction
of an area of interest is done by cropping the actual picture ) (Dharavath et, al.,, 2014).

2.7 Resize

Resizing is another important pre-requisite step of image processing for an efficient face recognition
system. The images being detected through various face detection procedures are resized using
interpolation method, in order to give particular sized output images (Dharavath et, al., 2014). In the
process of image interpolation, the image is resized and shifted from one pixel grid to another. The
resizing of images is important for decreasing or increasing the number of pixels. The effect of different
scaled image resizing has been noticed during the recognition process. As images of different size carry
different information, therefore, the in-depth analysis of optimal image size is critical. Image resizing
has been done to produce lower data size that in turn accelerates the processing time. Images are
generally resized at a scale ranging from 0.1 to 0.9 (Barnouti, 2016). In this work, this step is carried out
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to normalize the dimensions of image at 70 x 70, after face detection through Viola Jones algorithm
for carrying out linear discriminant analysis.

2.8 Linear Discriminant Analysis (LDA)

This analysis has been done in statistics, pattern recognitions and machine learning, in order to compute
integration of linear features, which divides or point sup two or more classes of object or events. The
resultant may function as a linear classifier, or to minimize the dimensions prior to LDA correspondence
with the principal component analysis (PCA), since both of them rely upon multiplication of matrix and
linear conversions (Jindong, 2016). For PCA, this conversion is dependent on reducing mean square error
within initial data vectors and its assessment with respect to the reduced dimensions of data vector.
In addition to this, principal component analysis does not consider any class variation. But in LDA, the
conversion depends on enhancing the rate of “within class variance” relative to the rate of “between class
variance”. It is focused on reducing changes in data within same class and increasing the division amongst
classes (Li, Cheng, and Bingyu Wang, 2014). The linear discriminant analysis is initiated by calculating total
mean (pt) using following equation, where class mean (i) is calculated as follows:

1
| = —%N
= 5= X

X] Xy

The following equations are used to identify scatter matrixes, which are denoted by S, and S .
T
Spodi=y NE(F’!' —p) (e — p)

S“:ZE::i Exj Exi(xj — 1) (xj - P'fi]r

Finally, the maximization of class separation criterion is achieved using the LDA algorithm through the
following equation:

W WIS, W|
= argmaoXxy.—————
opt g W |W1'SWW|

2.9 Classifier

After doing feature extraction using LDA algorithm, the system stores them as a file, termed as classifier.
The Euclidean distance is then found by comparing it with that of test image. The Euclidean distance
is defined as the standardized direct line distance that has been calculated between the two points in
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Euclidean space. The space is represented in Euclidean plane by the following equation, provided that
p1=(P,, P,)p2=(Px,P)

x17

|
I 2
d(pl,p2) = \ (P =Py ) + [P}.z - P}'i)

3. RESULTS AND DISCUSSION

This research work is aimed at developing a cloud computing based system for face recognition, in order
to validate users. The faces have been detected using Viola and Jones algorithm that employed Adaboost
learning method, cascaded classifiers, Haar like features (5 types) and integral image. The faces have been
recognized with the help of Linear discriminate analysis (LDA). The LDA algorithm was preferred over PCA
since it yields better performance. Furthermore, this approach offered improved results because of its
lower lightning sensitivity, quick processing and less features. It has been found that conversion of images
to grayscale is essential prior to the face detection step as it increases the speed and subsequently moves
across the histogram equalization step. Histogram equalization in image processing is a procedure where
contrast has been adjusted with the help of image histogram. The contrast of various images is raised
on the whole by this approach, especially when close contrast values are used for the characterization of
integral image data. This adjustment helps in having an improved intensities distribution on histogram.
The low contrast areas are also allowed to have improved contrast through this adjustment. The edges
of images are identified through cropping and eventually resizing is carried out to unify the size of used
image. A database cloud is established to validate the faces inside image.

3.1 Proposed method

The elementary layout of the proposed face recognition system has been shown in the figure 3 . Two
interfaces are involved in this system:

i. cloud interface

ii. client interface
TCPIP

wlr | TCPIP jJ¥

Face detection Client Cloud

b
m
Image by
user authentication

Figure 3. General Model of the System
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3.2 Discussion

In order to develop an efficient system that is capable of detecting effortlessly and accurately under
various situations, a dataset comprised of twenty individuals is taken. All these individuals have different
complexions (black or white), different face features and belonged to varied origins. The following table
shows the results attained by this system.

Total trains Total tests Total hit Total miss Precision

160 80 79 1 98.75%

Table 1. System Results

4. CONCLUSION

The dataset employed for this research work is able to produce a very authentic and precise system.
The security will improve as only client will be having information regarding the port. The accuracy will
be high since complete server training has been done using images that are verified previously; thus
the original image cannot be replaced by any unknown one. The TCP/IP protocol integrated system
will facilitate in getting acknowledgments upon sending. The potential of this face detection system
has been incremented by using Viola & Jones algorithm. The results achieved by this system have an
accuracy of about 98%.
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Abstract

This paper is to minimize video bitrate and keeping the high resolution video file manageable. This process
is achieved by using new generation of Advanced Video Coders (AVC). Such process can be done at one
level encoder or multi levels of encoders by means of transcoding, where reformatting the content to be
streamed on channel is called transcoding. The goal is concerned of encoder processes that can be used
to achieve transcoding. The codec used for compression of video is H.264, a standard for providing high
definition video at substantially low complicity and lower bit rates. The x264 Library is used for encoding
H.264 AVC, undergirds some of the most profiles for broadcasting and streaming operations over wired
and wireless channels, including different applications. When a technique of bit-rate control is incorporated
with the encoder, more reliable and qualified system for low bitrate video streaming over constant bit rate
communication channel is achieved, where output rate of the video encoder is controlled by feedback based
on the buffer level. Where the most effective parameters such as skip frame, QP, cycle length (Gop), etc. are
configured and it used as a rate control tools to test the streaming coded bit rate and the decoded video
quality. Testing scenarios use many different videos with QCIF, CIF, and HD formats encoded under main
profile. JM19 reference software is used for implementing and testing the standards.

Keywords: Codec, Transcoder, AVC, HEVC, H.264.
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iLETiSiM AGLARI UZERINDEN UYARLANABILIR ViDEO iLETiMi

0z

Bu makalenin amaci video bithizini diistirme ve ylksek ¢6ztintrliikli video dosyasinin boyutunu uygun halde
tutabilmektir. Bu islem yeni nesil bir ileri Video Kodlayici ile yapilir. Bu tiir bir islem, tek diizeyli ya da cok diizeyli
kodlayicilarla yapilabilir. Amag, kod ¢evrimine ulasilabilecek bir stirecin ytritilmesidir. Video sikistirmasi icin
kullanilan kod ¢6zticti H.264'tlr. H.264 AVC'nin kodlanmasi icin x264 kiittiphanesi kullaniimistir. Bithizi kontroli
kodlayicinin igine yerlestirildiginde, daha guvenilir ve iyilestirilmis bir sisteme ulasilir ve video kodlayicinin
cikis orani gecici bellekten saglanan geri besleme ile saglanir. QP, dongii uzunlugu gibi etkin parametreler,
video kodlama stirecinde kullanilabilir. Deneme senaryolarinda QCIF, CIF, HD gibi farkli bicimlerde videolar
kullanilmigtir. Standartlarin uygulanmasi ve denenmesinde ise JM19 referans yazilimi kullaniimistir.

Anahtar Kelimeler: Kod ¢ozlicii, Kodlayici, AVC, HEVC, H.264.

1. INTRODUCTION

The data networks that include of information technologies, such as computer, telephone, television allow
interactive multimedia (Conklin, 2001). The heterogeneity of network client devices and the mobility
of clients are the two problems of multimedia delivery (Cisco, 2019). The above two problems make it
dificult for a multimedia server to provide a streaming appropriate service for every client (Karmakar
and Dooley, 2008). Because the video is the main traffic of the communication networks, 86% of the
traffic (Khalil and Weipl, 2011), a solution to the problems above, which is presented in this article, is by
encoding/converting video streams to the appropriate format. The converting process is also known as
transcoding, which means converting the video from one format to another. The main purpose of the
project is to develop a system infrastructure for encoding video stream and transmit them via a suitable
network to the device of end-user.

The main issue with the transmission of video over communication channel is the Internet due to the
congestion control of the shared resources, resulting in variations in bandwidth availability. In order to
tackle these problems a video encoder of rate-adaptation (rate-control) techniques have been proposed.

The “International Standards Organization/International Electrotechnical Commission” (ISO/IEC) and the
“International Telecommunication Union” (ITU) had developed many compression standards like MPEG-1,
MPEG-2, MPEG-4, H.263, H.264 and H265 (Meraj and Kumar, 2015). Each coding standards had designed
to reach a target point to represent the efficient way that can solve video transmission problem. H.264/
MPEG-4 part10, Advanced Video Coding standard (AVC), is the efficient video coding standard developed
by the ITU-T (VCEG) and the ISO/IEC (MPEG) (Yun and Sun, 2000). H.264/AVC has achieved a network-
friendly representation of the conversational and non-conversational applications [7,8] which can be
applied for different applications including the HD. H265 is more efficient with more complicity that
mainly applied for UHD video. The UHD video is out of the article scope, so mainly the job is concerned
with H264 with the features configuration and the video rate adaptation.
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H264 standard provides better peak signal to noise ratio and visual quality since this standard provides
new compression tools to increase quality and decrease bit rate (Meraj and Kumar, 2015)(Yun and Sun,
2000). Such tools will be used through system testing.

The rest of this paper is organized as follows. The proposed system idea is explained in section 2. The
adopted compression standard configuration is illustrated in section 3. The buffer optimization and rate
control is explained in section 4. Section 5 gives the experimental results while section 6 concludes the paper.

2. PROPOSED SOLUTION OF VIDEO STREAMING SYSTEM

For wide range of applications, it needs to have an idea about channel. Where the delay, packet losses, as
well as, how to avoid overloading of network, how to share the resources and how to arrange efficient and
scalable simultaneously transmission are the main parameters to be considered. To know the suggested
standard as a solution for video streaming over channel, the wireless network like Wimax is suggested to
be simulated through buffering activities as well as over wired ADSL network to measure and evaluate
the main matrices of the video signal like delay, jitter and through bit. After we compress video sequence
according to selected profile, the transmitted proposed model consists of encoder and controller. A
proposed rate control technique by transcoding video sequence to transmission over Channel will be
modeled to demonstrate a full encoder-channel-decoder layout operation through a mechanism at
making the bitrate of video to be compatible with the available channel bitrate. By estimating the channel
bandwidth capacity, we can determine the channel bit streaming. Such control is using the effective
parameters tools like quantization, skip frames, Group of picture (GOP) and so on, to reduce the output
rate video to meet the requirement. The encoder send a request of bitrate change through a received
feedback encoder buffer signal, then the compressed bits will encapsulated with the side information and
pre-coding information in packet as syntax to be transmitted through the channel. Figure (3.1) shows the
system block diagram while Figure (1) explains the sequential process of the proposed model.

3. H.264 ENCODER

At this section the controller is incorporated to be used with H264 encoder stander at specific configurations
that represent the contribution of this article, see Fig.2.

Pre-coding

Side information information

Video
Source Encoded
Video video Buffer
Encoder Sub. Sys.

Pre-coding
information Buffer
>
Mux Sub. Sys.
Buffer Statues 2
information )

Rate Encoding

information Video

Controller

Decoder

Figure1. Proposed system block diagram
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A video sequence of QCIF, CIF or HD formats is used as input to the system. The input video sequence will
be divided into cycles, where the cycle start with Intra (l) frame and followed by a number of predicted
(P) and bi-predicted (B) frames. Each frame is divided into slices of many macroblocks. The encoder forms
the prediction of the current block either from the current frame using intra prediction to remove spatial
redundancy as in Fig.3, or from other frames that have already been coded and transmitted using inter
prediction to remove temporal redundancy as in Fig.4. A residual error then produced by subtracting the
prediction from the current block. This residual block is then transformed, quantized and finally encoded
to be streamed over the channel, as shown in Fig.2. These steps will be described through the system
operation and explination in the next subsections.
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3.1 Prediction Mode

In this subsection the mechanism applying prediction as intra or inter one will be defined. Intra prediction
is carried out by using the different modes (0-9), applying the best matched one applied in the same frame
as spatial prediction, see Figure.3.Tree block size 16x16 to 4x4 are used for luma components, and one of
8%8 block size is used for each chroma components, all types are considered in this work. As mentioned
previously, for each block size, different prediction modes are used, the 16x16 block size has 4-modes,
while the 4x4 has 9-modes and 8x8 chroma block has 4- modes. The Sum of Absolute Errors (SAE), as
defined in Eq.1, is calculated to indicate the error magnitude that is used in finding best matching. The
best mode that will be selected is the mode that has minimum SAE.

SAE:ZE,}'lc(II:j) - P[I:jjl 1)
Where; C (i, j) is the current sample and P (j, j) is the predicted samples.

The decision to choose the best block size form 16x16 or 4x4 luma block size is based on rate-distortion
cost calculation, defined previously, as steps of implementation in this work is described in Fig.3, the best
block size is of minimum RDO.

RDO=Distortion + A MODE*Rate 2)

Distortion = 2i=1 221 (P (i) — pt (L1)) * 3)
— (QP-12)/3

A 0852 % 2 @)

Inter prediction is used to exploit the temporal redundancy between successive frames. It uses backward
prediction type for P-frame prediction and backward and forward prediction types for B-frame prediction
process. Each partition of inter macroblock is predicted from an area of the same size in a reference
picture, by finding the prediction region. Residual is determined by the subtraction of prediction block
and the original one. Motion vector (MV) represents the offset displacement between the two origins of
the two blocks. H.264 inter prediction achieves considerably higher coding efficiency since it provides
mechanizes of; tree structured partitioning, multiple reference frame for prediction, - in Loop de-blocking
filter, and quarter pixel accurate motion vectors. Consider a previously reference coded frames, as a source
for prediction. Search area of 16x16 is opened on the choice reference frames for block matching, for
the best block matching, a process is known as motion estimation. It is the lowest energy in the sum of
residual. To generate the best MV of %4 resolutions, an interpolation of the reference picture(s) need to be
achieved. MV represents the relative position for the matching interpolated area in the reference frame.

3.2 H.264 Transform

After prediction process, the residual block samples, luminance and chrominance, are transformed using
a4 x 4 integer Discrete Cosine Transform (DCT). Three transforms are used; integer DCT-based transform
of 4 x 4 blocks, in additional to two Hadamard transform of 4x4, and of 2 x 2. These transforms templates
are used as shown in Fig.5.
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Where the X 4x4 blocks residual coefficients are transformed using the following equation results of

1 1,1 . , .
transformed Y, where a=—, b:"wl||:’ =—and E is scalling matric.

r = ab 5 ab
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Figure 5. 4x4 block transformation

A 4x4 Hadmard transform will be applied for the residual block 16x16 intra prediction mode, in addition
to the integer transform (H1), for all the 16 DC coefficients, where these DC, Y o values tend to be highly
correlated, as given in Eq.6.

1 1 1 1 1 1 1 1
1 1 -1 —1 1 1 -1 -1
Y = /2 6
L -1 -1 q|XMedx|y 7 1 1 ©
1 -1 1 -1 1 -1 1 -1

While the Chroma 8x8 blocks components are transformed in four 4x4 using H1, integer DCT transform,
results in a 2 x2 block (dc), that are transformed using Hadmard transform of size 2 x2 prior to quantization
process as in Eq.7.

ve([; J]aal; Z])e )

3.3 Quantization

The resultant of transformed coefficients, Yi,j’ of the assigned block are quantized, Qi’j, using Eq.8. In this
work a set of 52 values are used as allowed within H.264 stander.
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Q

@i, j)

=round (%) 8)

After quantization process each 4x4 block of quantized coefficients is converted to 1-D 16 array using
zig-zag scanning order.
3.4 3.5.8 Entropy Coding

For main profile, the residual blocks, prediction modes, motion vector data are encoded by using Context
Adaptive Binary Arithmetic Coding (CABAC), as shown in Fig.6. Figure (7) shows the decoder block diagram,
which are the reverse operations of the encoder.
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4. BUFFER OPTIMIZATION AND RATE CONTROL

This work manipulates video encoding for applications such as conferencing and video broadcasting that
are adopted over the wireless channel, 3G or 4G mobile channel and WiMAX, or over wired channel like
ADSL as proposed early. As known the high quality video encoder output is VBR while the communication
system channel is a“Constant Bit Rate” (CBR), to map this varying data rate into a CBR channel, the buffer
sub system is used, as shown in Fig.8. The coded video data (VBR) is the buffer input while its output is
the transmission channel rate. At the other side, at receiver, is the decoder buffer, where its input rate is
the channel rate while its output is the derived reconstructed frames. Video quality and output rate of
the video encoder is controlled by the rate controller subsystem by feedback signal based on the buffer
level statues. The system as designed reduces end to end delay, by encoder compression mechanism,
and keeps of data flow by control buffer from over flow and under flow with the help of rate controller.

Buffering system is designed at size depending of the initial delay time at the decoder, a delay that
allowed for video signal decoding corresponding to time transmitting. In this work such delay is in term
of not more than 1TmSec, which is mostly within the allowable time delay. The buffering subsystem sends
control signal to the controller rate subsystem when the accumulated data at encoder buffer reaches
maximum allowable accumulated data. The allowable encoder accumulated data is calculated as in Eq.9.

Maximum accumulated data= initial delay time x channel data rate 9)

When the accumulated data at buffer reaches the maximum accumulated data, alarm signal is sent to
the controller to take an action of bit rate reduction, like increasing quantization step value, increasing
GOP length, introduce interpolation mechanism, introducing partitioning, or others as mentioned early.
This action avoids over flow. In the same time there is a minimum buffer level not allowed to reach lower
of it to avoid under flow, where another alarm signal is sent used by the controller to take an action of
increasing the bitrate using opposite action of that used for increasing the bitrate. Each of the tools of
controlling the bitrate is arranged in lookup tables, a table for each tool. For example of what are used
in this work, the 52 quantization step values are arranged in ascending order, where increasing order
takes action of reducing bitrate while decreasing the order decreasing the bitrate. The priorities of using
the tools are arranger as follows; QP, GOP, and skip frames are used adaptively as controller parameters,
while partitioning, number of references and interpolation are used in full ranges as possible depending
of system hardware size. More calculations will be considered in results chapter where scenarios of using
video format and required application channel are considered.

Rate

controlles
0,

Raw video VBR — a ]
Video o] CER, ! g = —p' PB
— o [ 3 == Channel ;= :

Figure 8. Rate control and buffering mechanism
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5. TESTING RESULTS

Many configuration scenarios were used for testing H.264 video compression standard based on main
profile that is adopted in this work to be used for video broadcasting over 3G and 4G mobile networks.
Two video formats were considered CIF (288x352) and QCIF (144x176). After compressing the video
sequence; a stream of bits are generated CABAC for main profile. The tested scenarios are reflected to the
proposed rate control scheme of encoded bit streams and output quality. The H264 features values of these
experiments are fixed of quantization (I QP=25, P QP=25 and B QP=28), GoP of (10),reference frame of (2),
frame skipping of (2) and frame rate of 30fps, while the feature under test will be changed to check its effect.

Two simulated experiments are carried out for two video clips at different GoP lengths (5, 10, 15 and 20).
Fig.9 shows the results of QCIF and CIF formats under the main profile, where the impact of GoP length
on the PSNR (a) and encoded bitrate (b) for high motion details video. The results show that increasing
the cycle length leads to decreasing in the quality of the decoded video and decreasing the bitrate. This
outcome helps us to measure the allowable ranges of used GOP that are incorporated in the controller
subsystem. CIF and QCIF result of different resolutions; lead us to introduce transcoding.
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Figure 9. Impact of changing GoP on H.264 main profile (a) PSNR (b) bitrate

Quantization parameter (QP) is the most important effective parameter of rate control mechanism.
A rang of quantization parameters (20, 25, 28, 30, 35) while keeping others are applied. For this work,
quantization parameter specifically takes high priority due to its effects in the implementation of the
controller for its direct effects and simplicity in implementation. Scenario is designed to test the quantization
parameter effects under main profile. Fig.10 illustrates the effect of quantization parameter on the peak
signal to noise ratio and encoded bit rate for Football and Crew clips. This figure, presents a road map for
available mobile service based on 3G, which show to get 2Mbs for indoor applications the two formats
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with the suggested range of quantization values result of minimum PSNR more than 30db, which can be
applied to get proper video quality. When we are applying for outdoor of 384Kbs the CIF can be applied
at quantization value more than 30 less than 35. While when we are applying for high speed vehicles at
144Kbps only QCIF with QP not less than 35 must be used. It is clear from these experiments how QP
can be used for channel streaming adaptation.
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Figure 10. Quantization parameter effect on H.264 main profile performance (a) PSNR (b) Bitrate

Fig.10 clearly shows that increasing the quantization parameter has direct and quick effect of decreasing
PSNR and bit rate, for this reason it is used as the solution for the emergency cases of buffer overflow
and underflow. Such analysis is the guide of designing the controller where quantization parameters are
mainly used to reduce bitrate while the other tools are used in smoothing the effects of quantization
parameters to keep of reasonable PSNR.

To study the effect of frame dropping on the bitrate and decoded video quality an experiment is carried
out for video sequence of 15 frames with different frame dropping values (0, 2, 4, and 6) with CIF and QCIF
while others are fixed. Fig.11 shows the impact of frame dropping on the PSNR (a) and encoded bitrate
(b) under main profile. The figure shows that increasing of frame dropping leads to slightly decreasing of
quality of the decoded video with clearly decreases of bitrate at increasing the number of frame dropping.
Dropping of 6 frames from total sequence of 15 still gives acceptable PSNR, which shows the effect of
such technique of bitrate controlling.
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Figures 12, 13, and 14 are the tests of GOP, QP, and skip frames parameters effect measurements of PSNR
and bitrate of the main profile HD format snow videos with the same features as above.
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P-Reference frames number is one of the tools parameters that have an effect of the PSNR and bitrate.
This parameter has its smooth effect that it is used in this work with allowable range of H264, where
the limitations are the available hardware. Generally scenario test studies the impact of the number of
the P reference frames on PSNR, bitrate. For main profile CIF and QCIF video format, a sequence of 30
frame video is encoded based on a different number of reference frames (1, 2, 3, and 4). The quantization
parameter is set to 28 at GOP of (10). Fig.15 displays the performance for the tested scenario of H.264
main profile, in comparison with extended profile.
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Figure 15. H264 main profile number of references performance test (a) PSNR and (b) bitrate

For QCIF, this figure shows that increasing the number of reference frames reduces bitrate about 12% while
slightly reducing PSNR. We need to pay for additional processing and intermediate area memory saving.

H264 inter frames, P and B frames, use partitioning and skip modes to achieve reduction in bitrate
and improving of quality. For partitioning of prediction modes of main partitions (16x16, 16x8, 8x16)
and sub-partition modes are tested for foreman video clips of 30 CIF and QCIF formats with number
of reference frame 2, frame rate=30fps, fixed QP =28, Gop = 15 and skip frame =0. Fig.16 shows the
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results for the main profile H.264 encoder. The results show that PSNR and bitrate are enhanced when
partitioning technique is used.
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The skip mode is applied for macroblock skipping. Skip means drop (16x16) macroblock that has very
similarity with previous ones to reduce computational complexity as well as the encoded bits. Fig.17
shows applying skip mode on the decoded frame quality and bitrate of main profile. The figure shows
that degradation in the PSNR when using the skip mode with reduction of inter frames bitrate.
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The sub-pixel motion estimation feature over 30 frames QP=28 and GoP=10 is applied, Fig.18 shows the
results effects of PSNR and bitrate of main profile. Sub-pixel motion estimation gives best quality with
reduced bitrate of 9% for QCIF and 17% for CIF.
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Figure 18. H.264 main profile Sub-Pixel Motion Estimation in: (a) PSNR (b) bitrate

6. BUFFERING OPTIMIZATION

In this subsection the buffering system is analysed due to buffer status over the time operation. For a
buffer of size 500Kbit, two observations are recorded one for QCIF and HD formats. A 30 frames at QP=28
QCIF format under 384 Kbps channel buffer status is shown in Fig. 19 with initial removal delay of 0.2msec.
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The second observation is done for HD format for 30 frames per second at buffer size of 8Mbits over a
channel of 2Mbps (3G indoor application), see Fig.20.
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Figure 20. HD format (a) encoder (b) decoder

7. CONCLUSION

The main topic of this study is how to use the different tests for the purpose of bitrate control to achieve
an assigned goal of PSNR. The H264 CODEC features; QP, GOP, skip frames, Skip MB, Sub pixel ME and
Number of reference frames are used and tested with main profile of CABAC coding technique for
broadcasting application. The using of reference number, Sub pixel ME and size of macroblock partitioning
are depending of available hardware, where increasing of them need more hardware spaces and speed,
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while frame dropping, GoP and QP play an effective roles in the rate and PSNR video quality, since encoded
bits and PSNR are decreased with increasing them, so they are used as an adaptive features dynamically
changed corresponding to the channel state. The encoder buffer is used to sense the channel, where
the threshold, under threshold and over threshold buffer levels are the mechanism of channel sensing.
The controller sub-system is applied as the adaptive mechanism of video streaming over the channel. A
more than 50% bitrate saving is achieved, compared with previous stander, with keeping of video quality
within required ranges that guaranty accepted PSNR.
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Abstract

Following the Ottoman conquest in 1453, Intra Muros Stamboul was adorned with edifices reflecting Ottoman
monumental and vernacular architecture. With all the Muslim influence dominating the Historic Peninsula, a
different story was taking place just across the Golden Horn. The autonomous Genoese city, Galata, and its
extension Pera continued housing Levantine, European, and non-Muslim populations. By the 19th century,
due to its cosmopolitan population, architectural fabric, and urban layout, this area has developed into a
“typical” European city and accepted as the “modern” face of the Ottoman capital. This paper develops an
understanding of the “modernization utopia” of the Ottomans and focuses on the urban implications of this
utopia in Galata and Pera. This paper offers a critical, yet, theoretical framework for reading architectural and
urban transformations that took place in Beyoglu, beginning with the declaration of Tanzimat until the Young
Turk revolution. The article also discusses the first municipal body that was established at Galata and Pera and
presents some of the projects conducted by the Sixth District in urban scale as modernization interventions.

Keywords: Galata, Pera, Modernization Utopia, Sixth District, Urban Transformation.

BiR MODERNLESME UTOPYASI: GEC OSMANLI DONEMINDE GALATA VE PERA

0z

Osmanli fethinden sonra Surici Istanbul hizla déniismiis ve klasik Osmanli mimari eserleriyle donatilmis olsa
da, Hali¢'in karsi yakasinda yer alan Galata ve uzantisi olan Pera'da farkli bir hikaye stiregelmistir. Ceneviz
déneminden itibaren otonom bir statiiye sahip olan bu bélge, gayri-Muslim yogunluklu bir niifus barindirmaya
devam etmis, 6zellikler yabanci elciliklerin kurulmasi ile Avrupali ve Levanten niifus icin bir cekim alani haline
gelmistir. 19. ylizyila gelindiginde ise bolge, kozmopolit yapisi, mimari dokusu ve kentsel yerlesimi ile “tipik” bir
Avrupa kenti goriinimuine biriinmis, Osmanli baskentinin “modern” yiiziini temsil etmeye baslamistir. Bu
makale 19. ytizyilda Osmanli“modernlesme (itopyasi"nin kentsel alandaki etkilerini incelemektedir. Dolayisiyla
Tanzimat'in ilanindan Jon Tiirk devrimine kadar olan siirecte, Galata ve Pera'nin kentsel ve mimari dontisim
modernlesme penceresinden dederlendirilmektedir. Bu baglamda, Altinci Daire’nin kurulmasi, ilk belediyecilik
hizmetleri ve tarihi Galata surlarinin yikilmasi gibi 6rnekler, kentsel modernlesme baglaminda incelenmektedir.

Anahtar Kelimeler: Galata, Pera, Modernlesme Utopyasi, Altinci Daire, Kentsel Déniisiim
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1. INTRODUCTION

The urban fabric can be described by using the ecosystem, a coherent unity constituted around
one or several cities, old and recent. Such a description may lose what is essential. Indeed the
significance of urban fabric is not limited to its morphology. It is the support of a more or less
degraded, ‘way of life’: urban society. On the economic base of the urban fabric appear phenomena
of another order, that of social and ‘cultural’ life (Lefebvre, 2000, 72).

A city is composed of a complex stratum and integrated web of practices. The spatial character of a
place, informs us about its history, culture, and nature while deciphering the economical, political and
social characteristics of its inhabitants. Obviously, the opposite is also valid: a place gains character
with all the culture that was produced, that is being produced, and that will be produced by the urban
society. However, culture is not something solid to be seen, or static to be read, or something frozen
to be defined. It is a dynamic and always changing and interconnecting web of structures, traditions,
beliefs, and relations that surrounds the individual, influencing the perceptions, actions and reactions of
the society. Culture can be defined as a dynamic human production of difference and variety; and it is
the non-reducible multiplicity of this production (Tanju, 2007). Cities, then, can be defined as the cross-
sections of intersecting cultures. The city, by its nature, becomes the meeting point and stratification
of different cultures, traditions, customs, and societies. When an urban entity is considered, instead of
focusing on an isolated layer, the ever changing/evolving character of the city needs to be considered.
All cultural practices are either closely or loosely connected and related with one and other in a given
time and/or space, forming a complex network of socio-cultural relations and interactions.

Istanbul, as the capital of the Ottoman Empire since the 15th century, reflects the centralized power and
political authority of the Ottoman court. However, due to its multi-cultural, multi-lingual, and heterogeneous
social structure, complex historical strata, and its diverse population, the definition and conceptualization
of the imperial capital is away from its rather homogeneous counterparts. This study focuses on a specific
part of Istanbul at a specific time period to explore the unavoidable tension between the past and the
present, tradition and modernization, continuity and change. Being one of the major capitals of the
Orthodox Christian world for many centuries, Constantinople has finally transformed into the very center of
the Muslim world with the Ottoman conquest in 1453. Starting with Mehmed Il, Ottoman emperors have
(re)constructed the city to reflect their imperial powers and to reclaim the city as an Islamic capital. With
all the Ottoman monumental and vernacular architecture dominating the Intra Muros city of Stanboul, a
different story was taking place just across the Golden Horn. Galata and its extension Pera -meaning ‘the
other side’in Greek- continued housing a dense non-Muslim population.

Located in between the Northern shore of the Golden Horn and the Bosporus, Galata had a different
architectural, social, economical, and physical character than the Historic Peninsula. Galata has always
had a special and autonomous status, since the Genoese settlement in the 10th century (Eyice, 2006).
The Genoese colony -dominating and controlling the overseas trade- settled down just across from
Constantinople, on the district that was called the ‘Pera; meaning the other side in Greek (Eyice, 2006).
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Through the end of the Middle Ages, Galata ports were among the most important centers of Eastern
Mediterranean trade (Akin, 1998).

At the beginning of the 15th century, Italians were well aware of the inevitable expansion of the Turks. The
Ottoman dream for invading Istanbul was about to realize and the Genoese were furtively supporting the
Turks against Byzantines (Akin, 1998). Finally, in 1453 Mehmed Il the Conqueror captured Constantinople.
It was not just a city that the sultan invaded, but the very center of Orthodox Christianity, an empire
that was the successor of ancient Rome, the Eastern frontier of Western civilization, and a vital hub for
Mediterranean commerce. The deep impacts of this incident on the Ottoman, Turkish and World history
have been studied in detail, however this article focuses on the course of developments within Galata
and Pera after this great shift of power. Under Ottoman control, Galata continued keeping its autonomous
character with a governor referred to as Voyvoda and several Greek, Jewish, and Turkish neighborhoods
were created around the area to balance the Italian dominancy in the area (Celik, 1993).

Between the 15th and 18th centuries, Galata remained as an important trade center and an international
harbor of Ottoman the capital. For several centuries, Ottoman vernacular architecture dominated the
urban landscape of the area, creating a somewhat homogeneous residential fabric (Tanyeli). The face
of Galata and Pera has started changing with the establishment of the first foreign embassy in 1535 by
France, probably due to the increased trade between France and Ottomans following the capitulations
granted.! During the 16th and 17th centuries, English, Venetian, Dutch, Polish, and Danish embassies were
also established in the area. In fact, foreign embassies, were refrained from Intra Muros city of Stamboul
(Celik, 1993). Hence, a considerable number of Europeans, Levantines? and non-Muslim Ottomans started
residing in Pera, accumulated around their embassies (inalcik, 1993-94). Thus, the face of Galata and Pera
started changing by the 18" century; and during the course of the 19" century, the district faced a rapid
urban transformation (Figure 1). Actually by the end of the19th century, this area has developed into a
‘typical’ European city with its dominant Levantine, European, and non-Muslim population and Western
social, cultural, urban, and architectural fabric.

2. TWO SHORES OF THE GOLDEN HORN

Wooden houses with large spread-out roofs warm their purple colors amidst fresh greenery and
within enclosures whose mystery delights me; although they group themselves quite harmoniously
around all these summits formed by really enormous mosques, a poisoned atmosphere hangs
over Pera, under an unrelenting light (Le Corbusier, 1911, 92).

Le Corbusier, during his Journey to the East in 1911, visited Constantinople and admired the harmonious
and mysterious urban fabric of the Historic Peninsula. However, his depiction of Pera as “poisonous”
reflected the Orientalist anticipations of this renowned architect and his disdain for the mimicry of European
architecture and city form (Figure 2). In fact, after the second quarter of the 19* century, there appeared a

|II

profound gap between the two shores of the Golden Horn. The “oriental and traditional” Stamboul, with

1 Capitulation: Special economic rights and tax benefits for foreign traders.
2 Levantine: Otoman citizens of European origin.
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its impressive monuments and modest residential fabric lay against the “Europeanized” Galata and Pera
with its masonry apartments, narrow streets and dense layout (Girardelli, 2007). Against all the physical,
social, economic, and urban distinction between Galata and Stamboul, neither in Stamboul nor in Galata
there was an obvious architectural distinction among Turkish, Jewish, Christian, or Muslim houses (Barata,
1840; Cerasi, 1998). The main distinction in the Ottoman capital emerged between the local residents of
the city and its newcomers, especially from Europe.

19" century was defined as a period of decline for the Ottoman Empire, which was then called the “sick
man of Europe” (inalcik & Quataert, 2004). Starting with the 19% century, Empire’s ruling elite reluctantly
accepted the superiority of European powers and desperately tried to close the military, technological, and
intellectual gap between them. Along with consecutive reforms, many European architects, scholars, military
commanders, and technicians were invited to “modernize” Ottoman military practices and educational,
cultural, and architectural institutions. Nevertheless, modernization of institutions or practices was not
sufficient, as the distinction between the East and the West was deeper than Ottoman elites presumed
it was. Despite the Ottoman elite’s attempts for a rather immanent modernity’ at the beginning of the
18" century during the Tulip Age, those efforts for modernity came to an end in 1730 with the Patrona
Halil uprising, which clearly proves the severe public resistance against ‘change’ (Salzmann, 2000). The
resistance against change rooted in the diverse epistemological understandings of the Eastern and
Western contexts. According to the cultural theory of modernity, “progress” occurs in “traditional” societies
through modernization as a culture-neutral process (Taylor, 2001). In this case, all cultural and historic
contexts are believed to unfold and institutions, practices and the society would transform into a single
layered, homogeneous state of modernity.

The Anglo-Turkish Convention of 1838 was a manifestation of economic and political superiority of
European powers over the Ottoman Empire. According to this treaty, the Ottoman Empire will allow British
merchants and their collaborators to have full access to all Ottoman markets, abolishing all monopolies
and will provide tax exemptions. It was also an attempt of Ottomans for becoming a part of the European
league and foreign capital flow officially commenced in the empire, which declare economical and
political dominance of European powers over the “sick man of Europe” (Celik, 1993). The declaration of
Tanzimat reforms in 1839 provided great rights and benefits especially for Europeans and also for non-
Muslim minorities. With this treaty, European model was appropriated and applied to all institutions
from military to education, from bureaucracy to judiciary. In 1855, the Ottoman Empire was provided
foreign loans for the first time in its history to finance the Crimean war (Culcu, 2006). This was apparently
an economic intervention and within a short time period, a significant number of European merchants,
traders and bankers settled down in Istanbul, around Pera close to their embassies. Between 1840 and
1900, approximately 100,000 non-Muslim newcomers settled down in Galata and Pera (Shaw & Shaw, 2002).

During the 19" century, Galata and Stamboul regions had considerably diverse social, physical, and cultural
structure and strata. While Intra Muros city of Stamboul maintained a more traditional structure, in terms
of buildings and social institutions; Galata and Pera faced a significant transformation and according
growth. As shown in the 1840 S.D.U.K. Map of Constantinople (Figure 3), Stamboul did not grow much
beyond the traditional Byzantine city-walls. However, Galata faced an incredible population increase and
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the city extended beyond the city-walls in three different directions, from Taksim to Sisli, from Tophane to
Dolmabahce, and from Besiktas to Tesvikiye and Nisantasi (Celik, 1993). The traditional population rate of
60% Muslim and 40% non-Muslim in Istanbul has changed during the 19* century and reached a reverse
rate of 40% Muslim and 60% non-Muslim by the end of the century (Girardelli, 2007). The reason for this
demographic shift, despite the heavy Muslim migration from the Balkans to Istanbul, was the settlement
of Europeans to the area due to the legal rights and economic benefits ensured with the capitulations
and Tanzimat reforms (Celik, 1993).

The urban fabric of Galata and Pera was away from harmony and unity by the beginning of the 19%
century. The crowded, dirty and narrow streets were packed with a mix of masonry apartments, single-
family residences, timber houses, shops and ateliers inside the city-walls (Akin, 1998). The uncanny places
located around the ports of Galata housed bars, taverns, brothels, pawnbrokers. The disorganized pattern
of the streets and dense building pattern -interrupted sometimes with an embassy complex, a medium
sized church, an Armenian school, a Jewish Synagogue or a large scale commercial building- formed
a complex web of urban functions. The diverse crowd accumulated towards the Galata Bridge, which
dominated the trade axis between the two shores of Golden Horn. Famous Italian writer Edmondo De
Amicis described the cosmopolitan multiplicity of the Galata Bridge by these words: “Standing there,
you can see all Constantinople pass by in the course of an hour.... Try to imagine the most extravagant
contrasts of costume, every variety of type and social class, and your wildest dreams will fall short of the
reality; in the course of ten minutes, and in the space of a few feet, you will have seen a mixture of race
and dress you never conceived before!” (Amicis, 1896, 45-46). In fact, it was the modernization ideal of
Ottoman elites to establish “order” within the city and to develop the area with modern infrastructure,
transportation, and municipal services.

3. THE MODERNIZATION UTOPIA

Utopias are emplacements having no real place. They are emplacements that maintain a general
relation of direct or inverse analogy with the real space of society. They are society perfected or the
reverse of society, but in any case these utopias are spaces that are fundamentally and essentially
unreal (Foucault, 2000).

According to Foucault (2000) utopia is closely related with the society that it belongs, referencing to what
it lacks. The desire for a perfected society is basically the reverse of that particular society, a society that
hopes to be something else, something idealized, and of course something un-real and non-existing. A
utopia cannot be understood as a willingness of a particular society to become another actual society.
On the contrary, a utopia should have its roots deep inside the society itself, trying to transform a society
into what it lacks. ‘Modernization utopia’ in the Ottoman case, shall not be interpreted as an Ottoman
aspiration for becoming inherently European, but rather, a reluctant desire for change.

There are many underlying reasons for the ‘modernization utopia’ of the Ottoman emulating the West. One
of the main factors is the problematic understanding and definition of modernity. The utopia dreams of
absorbing everything positive about the Western society and excluding all the defects of its inner dynamics.
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According to Charles Taylor, there are two main theories of modernity, cultural theory of modernity and
acultural theory of modernity (Taylor, 2001). Cultural theory describes modernity as a transformation that
took place in a specific culture, namely in Western culture. According to this theory, modernization is related
with social context and culture. According to the acultural theory, modernity is taken as a set of rules
and transformations, which are applicable to any culture. The general understanding of modernity falls
under the second theory. Not surprisingly, Ottomans Westernization and modernization utopia was not
an exception, as their understanding of modernization counterpart with Taylor’s description of acultural
theory:“The belief that modernity comes from a single, universally applicable operation imposes a falsely
uniform pattern on the multiple encounters of non-Western cultures with the exigencies of science,
technology, and industrialization. As long as we are bemused by the “enlightenment package, we will
believe that all cultures have to undergo a range of cultural changes. (...) As they lose their traditional
illusions, they will come together on the “rationally grounded” outlook, which has resisted the challenge.
The march of modernity will end up making all cultures look the same. This means of course, that we
expect they will end up looking Western!” (Taylor, 2001).

4. REORDER & CORRECTION (TANZIMAT & ISLAHAT)

With reference to the other points, as they must be regulated the concurrence of enlightened
opinions, our Council of Justice (augmented by as many new members as may deemed necessary),
to whom will be adjoined, on certain days which we shall appoint our Ministers and the Notables
of the Empire, will meet for the purpose of establishing the fundamental laws on those points
relating to the security of life and property, and the imposition of the taxes. Every one in these
assemblies will state his ideas freely, and give his advice freely (Giilhane Hatt-1 Himayunu, 1839).

Tanzimat-1 Hayriye or “Auspicious Reorderings’, a set of administrative reforms declared in 1839, were
acclaimed by the majority of the Ottomans with the desire for “order” and “correction” (Shaw & Shaw,
2002). The charter, giving equal rights to all Muslim and non-Muslim citizens and secure their basic rights,
was accepted as a major step towards the modernization utopia (inalcik & Quaraert, 2004). With the
support of Western nations, the Ottoman government aimed at reforming state institutions, replacing the
traditional ones with modern institutions imported from the West (Shaw & Shaw, 2002). The results of this
regularization were much different from its initial goal. The charter created a motive for modernization
and initiated a set of social and institutional changes imported from Europe (Ozer, 2005). Creating a robust
central authority, setting a modern and continuous army, protecting the rights of individuals, providing
freedom and equality to all citizens, and adapting the European life-style to the Ottoman society were
the objectives of the reforms. Hence, Western art, architecture, fashion, clothing, entertainment became
popular among the Ottoman elite.

Even though, Tanzimat Reforms and the following Islahat Charter -declared in 1856- had serious political,
economical, and social impacts, these reforms were away from entirely transforming the traditional
structure of the Ottoman society. There existed resistance towards change, especially within the traditional
neighborhoods of Istanbul. Not only among the Muslim but also Christian and Jewish communities
living at the Historic Peninsula resisted this enforced change (Eren, 2001). However, it could be stated
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that European, non-Muslim, Levantine populations of Galata and Pera affirmed, endorsed, and benefited
from these reforms.

Galata and Pera inhabited the most cosmopolitan, mobile, and liberal population of the capital. As an
essential port of Mediterranean trade and due to its historically autonomous status, the social, political
and economic institutions were woven with much looser set of rules. This flexibility and openness for
change made the district a point of attraction for a small number of liberal Turks as well. Especially, the
new generation of Ottoman elite, admiring Europe and Western way of living, started moving to or at
least regularly visiting the area. Along with resistance there was also curiosity and interest for the new,
different, and uncanny prospects of modern life-style.

Pera underwent a frenzied urban development after the second half of the 19" century. New building
types were introduces responding to the new modern lifestyle. A hybrid architectural style combining
Western and Eastern elements has developed (Ozl{i Kayaalp & Eyiice, 2007). With the increasing number
of Europeans residing in the district, European workforce and craftsmanship became available for the
construction of masonry buildings with neo-classical fagades, bay windows and angle braces. Apart
from the residential fabric many schools, hospitals, restaurants, hotels, theaters, shops, and apartments
were built in European fashion, especially on Grand Rue de Pera, an important axis connecting Taksim to
Galata (Shaw & Shaw, 2002).

In 1854, as a part of the modernization efforts, a municipal organization for the city was established for
the first time. The city was divided into 14 regions while Beyoglu district was chosen as the pilot area
and named as the Sixth District (Akin, 1998). This municipal body bore a wide range of responsibilities
and powers, from construction and maintenance of buildings, streets, transportation, and infrastructure
to tax collection (Shaw & Shaw, 2002). As a result, the inhabitants of Galata and Pera benefited from a
series of services and projects provided by the Sixth District, as the area attained a more “European” and
“modern”look.

5. THE SIXTH DISTRICT

There are fifty-four cities in the island, all large and well built, the manners, customs, and laws
of which are the same, and they are all contrived as near in the same manner as the ground on
which they stand will allow. The nearest lie at least twenty-four miles’ distance from one another,
and the most remote are not so far distant but that a man can go on foot in one day from it to
that which lies next it. (...) Every city is divided into four equal parts, and in the middle of each
there is a market-place (Thomas More, 1895, 55, 74).

The physical and urban transformations taking place in Galata and Pera were directly related with the
economic and political developments of the era. As Zeynep Celik (1993) points out, following the Tanzimat
reforms there was a conscious effort for the regularization of the urban fabric by introducing modern
administrative units. One of the first attempts to modernize the urban administration was the establishment
of prefecture (sehremaneti) and foundation of the Commission for the Order of the City (intizam-1 Sehir
Komisyonu) in 1855. However, these bodies proved to be insufficient and a new set of regulations were
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issued, and the city of Istanbul was divided into fourteen municipal districts in 1857. According to this
legislation, the “Sixth District” (Altinci Daire) was founded as a pilot municipal body, responsible from
Galata, Beyoglu, and Tophane regions of Istanbul (Timerkan, 1946).

The central government initiated the municipal organization starting from Galata, due to the increasing
demand and willingness of the “Westernized” inhabitants of the region for municipal services. Such a local
authority was believed to create a sense of Ottoman citizenship and secular identity in the heterogeneous
demographic structure of the area (Rosenthal, 1980). It is believed that the municipal organization
adopted the French model and took the Sixieme Arrondissement of Paris as a name for itself. This semi-
autonomous body would be directed by a municipal council that was composed of Turkish, non-Muslim,
and European members, which represented the cosmopolitan population of the area. A Muslim director
has to be appointed to the council by the central government, who was responsible for directly reporting
to the Sublime Porte.

Against all the public enthusiasm and governmental support, the Sixth District council was not able to
achieve its ambitious goals, failed to collect the anticipated taxes and finally bankrupted in 1862. According
to Rosenthal (1980), foreign embassies and European power holders played a major role in the failure of
the council, due to their conflicting interests with the municipal body. Still, the Sixth District managed
to evoke public awareness, provided basic municipal services, and initiated urban transformation of the
area, starting from the prosperous commercial zones of the district. Some of the services included the
cadastral survey of the area; leveling, paving, lighting, and widening of major streets; opening up new
transportation axes between Galata and Sisli; planning of the port area; the construction of Karakdy Han;
and the fight against prostitution (Toprak, 1993-95).

In 1863, central government took a more active role in the administration of the region and implemented
a broader social service policy. During the directorship of Server Pasa the District managed to gain
financial stability. A public hospital was founded to serve the poor inhabitants of the area; a public park,
named Taksim Bahgesi, was inaugurated at the Grands Champs des Morts; and municipal services were
distributed more egalitarian within the district. According to Rosenthal (1980), against the common
prejudice, Ottoman officials proved to be more effective than their Levantine and Christian counterparts
in directing the local authority and offering municipal services.

One of the most ambitious operations of the Sixth District, which severely transformed the urban layout
of the district, was the demolition of the historic Genoese walls surrounding Galata in 1863. The historic
walls and towers, accept for the Galata Tower were demolished, remaining moats were filled up and the
cut-stones were auctioned for ongoing construction work (Figure 4). Following the European examples,
new streets were formed, and modern settlements were established within the evacuated lots and filled-up
lands (Figure 5). It could be stated that the demolition of the historic walls and construction of modern row
houses in the area could be defined as the first“modern urban transformation” project realized in Istanbul
during the Tanzimat era. The great fire of Pera in 1870, also severely transformed the urban character of
the district. Apparently, the fire had a catastrophic impact on the area damaging approximately 3,500
houses and 163 neighborhoods. Following the catastrophic fire, the municipal works were suspended
for some time and the district was almost entirely rebuilt with the international aid (Keyvaoglu, 2017).
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Following the fire, several large-scale masonry buildings were erected especially on and around Cadde-i
Kebir - Grand Rue de Pera, which will change and define the architectural character of the axis.

With the declaration of Istanbul Municipal Act (Dersaadet idare-i Belediye Nizamnamesi) in October 5%,
1877, the earlier regulations of 1857 and 1858, ensuring the autonomous and distinctive character of the
Sixth District, came to an end. The Sixth District became one of the regular regions of the 20 districts of
Istanbul (Toprak, 1993-95), later the number of the districts was decreased to ten. The sources and funds
were directed towards the areas around the imperial palaces at Besiktas, Yildiz, and Ortakoy (Celik, 1993).
Still, the Sixth District kept its name and significance. During this period, one of the prominent figures of
Istanbul, Edouard Blacque (Blak Bey) became the director of the Sixth District from 1879 to 1883 (Toprak,
1993-95) and again in 1893 (Akin, 2002). According to local sources, the period of Blacque was believed
to be the most successful era in public works (Ortayli, 1985). The opening of the Tepebasi public garden
and the construction of the Sixth District Palace by Barborini at Sishane Circle during this period were
significant urban projects changing the architectural and social fabric of the area (Akin, 2002).

However, in January 3, 1913 the Union and Progress government, having nationalist and centralist
tendencies, discarded all municipal councils and united all districts under one municipal body. After
loosing its privileged status in 1877, the Sixth District has finally lost its characteristic name as well in 1913
(Toprak, 1993-95). During the Young Turk era, the municipal body continued providing public services
all round Istanbul. Reorganization of the Giilhane gardens in the Historic Peninsula and opening of main
urban arteries during the directorship of Istanbul mayor Dr. Cemil Topuzlu could be considered as some
of the memorable works conducted within this period. Bernard Lewis summarized this era of municipal
organization as: “The Young Turks may have failed to give Turkey constitutional government. They did
however, give Istanbul drains.” (Lewis, 2002, 228).

Osman Nuri Ergin's magnum opus Mecelle-i Umur-i Belediye (1995), provides a detailed and meticulous survey
of the history, institutional organization and legislative body of Istanbul municipalities from 1855 to 1928.
Ergin also provides detailed accounts on the mayors of Istanbul during the same era, in his renowned work
Istanbul Sehreminleri (1996). Starting with the Tanzimat reforms until the collapse of the empire, ordering
and planning the urban landscape, municipal activities and interventions to the city were given utmost
priority, as urban planning and municipal works were accepted as an ultimate indication of civilization
and modernization. During this period, urban squares were planned, several public parks were opened,
new arteries were established, major streets were paved, city walls were demolished, roads were widened,
new settlements were organized, transportation was improved, and large scale impressive buildings were
built (Celik, 1993). Hence, modernization utopia of Ottoman elites -partially and inadequately- came to
realization through the urban interventions facilitated by the local municipality during the late Ottoman
era. The act of regulating and planning the urban fabric as a showcase of modernity continued after the
foundation of the Turkish Republic as well.
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Figure 2. Apartments of Pera from the perspective of young Edouard Jeanneret, Le Corbusier, 1911
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Figure 3. 1840 S.D.U.K. Map of Constantinople
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Figure 4. The walls of Galata before the demolition.
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Figure 5. New row of apartments built after the demolition of Galata walls.
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