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The Integration of the Flavor Imitation with

Moral Virtue Education

Guangyong Zhu, Genfa Yu
Shanghai Institute of Technology, Shanghai, PR China

Abstract

Flavors have been widely used in many prod-
ucts, and play a crucial role in food industry. Flavor
Imitation is a basic curriculum providing compre-
hensive information about how to construct flavor
formula and how to imitate flavors with natural and
synthetic aroma raw materials. It is a compulsory
curriculum opened for student whose major is fla-
vor and fragrance technology and engineering. The
mission of the university is not only to impart pro-
fessional knowledge but also to cultivate and edu-
cate students. In order to better strengthen moral
virtue education and cultivate students, moral virtue
elements were integrated into the teaching process
of flavor imitation. By the integration of flavor imi-
tation with moral virtue education, students could
not only grasp the knowledge of how to construct
flavor formulas, but also could be fostered the rule
awareness. Furthermore, this learning process is
also helpful to make students always endeavor to
do still better, train students to consider things from
every angle, and will help train student to form un-
ceasingly the enterprising habit. After a period of
exploration and practice, it proved that the integra-
tion of flavor imitation with moral virtue education
can result in a coordinated development of profes-
sional knowledge and moral virtue.

Key Words: teaching exploration; flavor imi-
tation; moral and virtue education, professional
course

1. Introduction

Flavors have been widely used in many prod-
ucts, such as baked goods, chewing gum, frozen
dairy, gelatines, puddings, jams, condiments,
relishes, alcoholic and nonalcoholic beverages,
snack foods, gravies, and candy. Flavors also play
a crucial role in food industry and in driving con-
sumption. Flavoring agents and adjuvants are de-
fined as substances added to impart of help impart

a taste or aroma in food by the U.S. Food and Drug
Administration (Burdock, 2010). Flavors are mix-
tures blended with various aroma materials of nat-
ural and synthetic origin based on formula. Flavor
and fragrance formulas are usually trade secrets
in flavor and fragrance industries. Flavor imitation
is a new course introduced for undergraduate stu-
dents in the second year in Shanghai Institute of
Technology. It is a compulsory course for flavor
and fragrance technology and engineering major.
Flavor Imitation is a basic course providing com-
prehensive information about how to construct
flavor formula and how to imitate flavors with
natural and synthetic aroma raw materials. This
course teaches students how to design and create
a flavor by selecting various aroma ingredients.
The prerequisites include a background in Flavor
Compounds Chemistry and Organic Chemistry.
The most important thing is that students should
be familiar with the odor characteristics and ap-
plications of various synthetic and natural aroma
raw materials prior to taking this course.

The mission of the university is not only to im-
part professional knowledge to students but also to
educate and cultivate students (Yu and Zhu, 2021).
When teachers impart professional knowledge to
students, they must also teach students how to be-
have and achieve the educational goal of cultivat-
ing students at the same time (Zhu et al., 2021). It
1s necessary to persist in taking the morality and
cultivating students as the key point, put ideologi-
cal work throughout the whole process of teach-
ing, and realize full direction system of education
and cultivating students in the whole teaching
process. Professionals majoring in flavor and fra-
grance technology and engineering must not only
have profound professional knowledge, but also
have good moral accomplishment. In order to bet-
ter strengthen moral virtue education and cultivate
students, moral virtue elements were integrated
into the teaching process of flavor imitation.
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2. Methods

The aim of the study is to better strengthen
moral virtue education and cultivate students in
the teaching process of professional course. Moral
virtue elements, such as the rule awareness, con-
sciousness for ever greater perfection, and the en-
terprising habit, were integrated into the teaching
process of flavor imitation. After a period of ex-
ploration and practice, the following experiences
on the integration of moral virtue education into
flavor imitation were summarized.

3. Results and discussion

3.1 Foster students the rule awareness

Flavor formula construction is one of the main
contents in this course. Flavor safety is of utmost
importance to everyone around the world. When
selecting raw aroma materials for designing fla-
vor formula, students are cultivated to obey the
regulation and standards. In China, all food ad-
ditives are described in the National Food Safety
Standard and the Standard of Using Food Addi-
tives (GB-2760). The principles of use of aroma
components are stipulated in this standard. The
permitted aroma components, the range of use
and the maximum amount or residual amount of
these components are specified in GB-2760. The
raw aroma materials for blending flavors must be
permitted in the standard GB-2760 in China. Oth-
erwise, even if a raw material has a good aroma, it
cannot be adopted as an ingredient in the formula
for blending a flavor. Furthermore, the aroma in-
gredients used for blending flavors should meet the
corresponding quality specifications. The amount
of aroma ingredient in food should not exceed the
maximum allowable amount. The purpose of the
addition of flavors in food is to produce, change or
improve the taste or aroma of food. The amount of
flavors used in food should be as little as possible
on the premise of achieving the desired purpose.
Of course, flavors are banned from some foods
such as sterilized milk, rice, and fresh fruits in
China. This learning process not only teach stu-
dents how to select aroma ingredients for design-
ing formula and constructing flavors, but can also
enhance the rule awareness.

3.2 Make students always endeavor to do still
better

Dairy product flavor imitation is another main
content in the course. Dairy products are various
products made from cow milk, goat milk as the
main raw materials. The main dairy products in-
clude milk, cream, butter, condensed milk, yogurt,
cheeses and so on (See Figure 1). These dairy
products have different flavors.

Cheese

Yogurt

Butter

Figure 1. The dairy products

Milk is a whitish liquid containing proteins,
fats, lactose, and various vitamins and miner-
als. The fresh milk we usually eat is pasteurized
milk. Cream is the yellowish fatty component of
unhomogenized milk that tends to accumulate at
the surface. Animal whipped cream is obtained by
separating the fat in milk. Butter is a soft whitish
or yellowish fatty solid that separates from milk
or cream when it is churned. Vigorous agitation
of the milk or cream can cause the protein film of
the milk fat globule to rupture, and the milk fat
flows out of the globule. After losing the protec-
tion of protein, fat and water separate. Fats slow-
ly float up, gather, and become pale yellow. The
upper layer of fats is separated and squeezed to
remove water. Thus, the butter is obtained. Con-
densed milk is a dairy product and a beverage
made from fresh milk or goat milk after steriliza-
tion and concentration. Usually the fresh milk is
vacuum concentrated to remove most of the water.
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Its characteristic is that it can be stored for a long
time. Yogurt is a tart, custard-like dairy product
made from milk curdled by the action of bacterial
cultures. Cheese is a solid fermented dairy product
prepared from the pressed curd of milk.

Different dairy products have different process-
ing techniques, so different chemical reactions oc-
cur during the processing. The chemical reactions
in dairy products processing include enzymatic hy-
drolysis reaction, thermal reaction, oxidation reac-
tion, microbial fermentation reaction and so on. It
is these reactions that produce aroma components.
Fatty acids can be obtained by enzymatic hydroly-
sis of milk fats. Especially some short-chain fatty
acids can enhance milk flavor. Fatty acids are dehy-
drated by thermal reaction and some aroma prod-
ucts such as ketones and lactones can be obtained.
Sugars and amino acids undergo Maillard reaction
under heating and some aroma sulfur-containing
and nitrogen-containing compounds can be pro-
duced. Some aroma aldehydes can be obtained by
oxidative cleavage of unsaturated fatty acids. Lac-
tic acid, aroma alcohols and esters can be produced
by microbial fermentation of sugar and lactose.
Different dairy products have different aroma char-
acteristics due to the various reactions in different
processes. When simulating the odor of dairy prod-
uct, students should know the influence of chemi-
cal reaction in the processing of dairy products on
aroma substances. The odor characteristics of vari-
ous dairy products should be grasped. Furthermore,
the odor characteristics of raw material should be
very familiar. 5-Lactones, such as d-dodecalactone,
d-decalactone and d-undecalactone (see Figure 2)
have milky aroma. These 6-lactones can be adopted
in flavor formula to provide milky note.

Some ketones, such as pentanedione, butane-
dione and 3-hydroxy-2-butanone (see Figure 3)
have buttery aroma. These ketones can be selected
in flavor formula to provide buttery note ( Bur-
dock, 2010; Surburg and Panten, 2006).

O O OH

N~ Ay

(O O, O
pentanedione  butanedione 3-hydroxy-2-butanone

Figure 3. The chemical structures of three ke-
fones

Although these aroma compounds with milky
note and buttery note can be used as the main raw
material for blending flavors of dairy products, the
application of other materials should also be mas-
tered. For example, although the odor of oleic acid
(see Figure 4) is faint, it can provide fatty taste in
condensed milk flavor.

H H

H3C—(CH,);—C=—C—(CH,);—COOH
oleic acid

Figure 4. The chemical structure of oleic acid

Not only the odor but also the taste should be
considered in flavor imitation. Oleic acid darkens
on oxidation, and a lard-like taste and odor can
be produced. Although cis-6-nonenal (see Figure
5) has a fruity odor reminiscent of melon, in milk
flavor it can improve the fresh feeling (Zhu and
Xiao, 2017). It will promote students to think fur-
ther. This learning process is helpful to make stu-
dents always endeavor to do still better.

H H O

Hy | | |
Hs;C—C —C=C—(CHj);—C—H

cis-6-nonenal

Figure 5. The chemical structure of cis-6-nonenal

delta-decalactone

delta-undecalactone

delta-dodecalactone

Figure 2. The chemical structures of three d-lactones
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3.3 Train students to consider things from
every angle

Mint flavor has been widely used in toothpaste,
mouthwash, chewing gum, frozen dairy, beverages,
and so on. In this curriculum, students are required
to design a mint flavor formula. L-menthol (see Fig-
ure 6) and some natural essential oils such as arven-
sis mint o1l and peppermint oil, are used as the main
ingredients of mint flavor. L-menthol is the main
component of arvensis mint oil and peppermint oil.
It has a cooling sensation and characteristic odor
of mint. After learning the basic curriculum flavor
compounds chemistry, most students are familiar
with these common aroma raw materials, and can
think of selecting them for blending mint flavor.
However, menthol, arvensis mint oil and peppermint
oil have high volatility and cannot last long. This is
a new problem facing students and arouse students
thinking. Students need to find a way to solve this
problem. Menthyl lactate, a menthol simulator and
booster, can provide a sharp and aggressive cooling
impact. Ethyl menthane carboxamide can provide
a long-lasting cooling effect. Menthyl lactate and
ethyl menthane carboxamide (see Figure 6) can be
added in formula to impart long-lasting odor ( Bur-
dock, 2010; Surburg and Panten, 2006).

ol

A

l-menthol

Olin

0
H O)K-/
/5.\ H

menthyl lactate

ethyl menthane carboxamide

Figure 6. The chemical structures of [-menthol,
menthyl lactate and ethyl menthane carboxamide

Menthol has a penetrating sensation and is ir-
ritant to mouth at high concentrations. Therefore,
students need to think of ways to improve its taste.
The odor and taste of star anise oil are intensely
sweet. The appropriate addition of star anise oil
can provide a sweet taste and reduce irritation
caused by menthol. Of course, the addition of an-
ise oil should not affect the main aroma charac-
teristics of mint. Furthermore, roundness and fun
are also important to mint flavor and can arouse
students’ imagination. Some aroma ingredients
with spicy note, fruity note, or floral note can also

be added in mint flavor formula to add roundness
and fun. Eucalyptus oil also has cooling taste. The
appropriate addition of eucalyptus oil in mint fla-
vor formula can also enhance antibacterial and
anti-inflammatory effects (Zhou and Xiao, 2007).
The blending of mint flavor can stimulate students
to think in many ways. This learning process can
train students to consider things from every angle.

3.4 Forms unceasingly the enterprising habit

Flavor imitation cannot reach the goal in one
step. Firstly, students should smell the standard
sample to identify its odor characteristics. Second-
ly, they should select natural and synthetic aroma
raw materials to construct an initial flavor formula
based on the notes they identified by smelling the
standard sample. Thirdly, students blend the flavor
based on the initial flavor formula that they designed
before ( Zhu and Xiao, 2015, 2017; Zhou and Xiao,
2007). When all the aroma raw materials are added
completely and the initial flavor is produced. They
should evaluate the flavor by nose using smelling
slips. Usually, after numerous modifications and ad-
justments, a desired flavor can be obtained. In this
process, students may experience countless failures.
Only by overcoming many difficulties and after
many revisions can the desired flavor be obtained.
And as such, this learning process will help train stu-
dent to form unceasingly the enterprising habit.

4. Conclusions

Flavors have been widely used in many products
and play an important role in food industry. Flavor
imitation is a basic curriculum opened for students
whose major is flavor and fragrance technology
and engineering in Shanghai Institute of Technolo-
gy. By the integration of flavor imitation with moral
virtue education, students could not only grasp the
professional knowledge, but also could be fostered
the rule awareness. Furthermore, it was also helpful
to make students always endeavor to do still bet-
ter, to train students to consider things from every
angle, and to train student to form unceasingly the
enterprising habit. It proved that the integration of
flavor imitation with moral virtue education can re-
sult in a coordinated development of professional
knowledge and moral virtue.
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Review of the recent restoration of the Vefa

Kilise Camii
Mine Esmer
Fatih Sultan Mehmet Vakif University, Istanbul, Turkey.

Abstract

The Vefa Kilise Camii is a small but interesting
Byzantine structure in Istanbul that has been of par-
ticular interest to researchers because of its mass,
facade layout, and spatial composition. It was con-
verted into a mosque in 1484 and listed as Kilise
Camii in the Vakiflar Tahrir Defteri. Before its last
repair in 2018, the structure was damaged by ne-
glect, unplanned repairs, deterioration of materials,
fires, earthquakes, functional changes, and vandal-
ism. Both its Byzantine and Ottoman components
were damaged. To this end, the Regional Directorate
of Pious Foundations began repairing the structure
in 2018 and reopened it to worship in early March
2021. The article presents an assessment of the
restoration and makes a remark on general threats
against its preservation, and maintenance. Restor-
ing medieval structures requires a multidisciplinary,
multi-expert team to define, repair, and maintain
them. Vefa Kilise Camii repairs have revealed that a
few things could have been handled better.

Key Words: Mid-Byzantine Era, Constanti-
nople, Vefa, Kilise Camii, preservation.

Introduction

Despite being a relatively small structure
among the Middle Byzantine Period (843-1204)
monuments in Istanbul, the Vefa Kilise Camii has
been of particular interest to researchers. The buil-
ding, which is almost a jewel on the western slope
of the third hill, has been affecting the passers-by
for centuries with its mass formation, facade la-
yout and spatial setup. Charles Texier’s sketches
after the 1833 fire provide the earliest visual rep-
resentations of the building.

Initially constructed as a church in the 11" cen-
tury, the building was converted into a mosque and
registered as Kilise Camii (Church Mosque) in
the foundations registry in 1484 by Molla Giirani,

Mehmet II’s instructor. In memory of its founder,
Molla (Semseddin) Giirani, the street passing to its
south as well as the surrounding neighborhood were
named after him. However, in 1934 Kilise Camii’s
neighborhood, which had been named after Molla
Giirani, was combined with Hoca Giyaseddin ne-
ighborhood, and as a consequence its own neigh-
borhood could not survive to our day. Following its
restoration in 1937, the Kilise Camii gained incre-
asing attention, especially among Byzantine scho-
lars, with the discovery of outer narthex mosaics by
Miltiadis Nomidis, and Hidayet Fuat Tagay. As a
cultural asset, Vefa Kilise Camii was registered on
15.07.1937. The registration records can be found
in the Enciimen Archives (file number 24917, card-
board box 124) with an inventory template comple-
ted by Aziz Ogan on 02.06.1942.

Having undergone significant interventions since
1995, the Regional Directorate of Pious Foundati-
ons began repairing the building in 2018, and it was
reopened to worship in early March 2021. The goal
of this article is to provide a general assessment of
the restoration of this important edifice, which was
part of my doctoral dissertation in the restoration
program at Istanbul Technical University.

1. Location and surroundings of the building

Vefa Kilise Camii lies in the Vefa quarter of the
Siileymaniye Urban Area in Istanbul’s Fatih District
on the third hill of the Historic Peninsula. Vefa quar-
ter’s borders are defined by Bozdogan Aqueduct in
the south, Kiiglikpazar neighborhood in the north,
Siileymaniye and Hoca Giyaseddin neighborhoods
in the east and Atatiirk Boulevard in the west.

The Kilise Camii whose initial name in the
Byzantine period is unknown, was located on the
western slope of the third hill, in the tenth region
according to the Late Antique city plan (Miiller-
Wiener, 2007, p.169). In today’s city, the build-
ing, which was founded by Seyhii-l-Islam Molla
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Giirani, is situated on Tirendaz Street in the Hoca
Giyaseddin neighborhood (Ayvansarayi, 2001, p.
251). To distinguish it from other mosques con-
verted from churches (like Eski Imaret, Fenari Isa,
and Zeyrek), it is also called Vefa Kilise Camii af-
ter the name of the quarter (Eyice, 1995, p. 375).

Vefa, with its proximity to the branch of
Mese leading to Adrianapolis/Kharisius Gate
(Edirnekap1) and to Makron Embolos (Uzuncarsi
Street — the street descending from today’s Istan-
bul University Headquarters to the Golden Horn)
during the Byzantine Period, was a district where
nobles and wealthy people lived (Kuban, 2000, p.
83). With the decline in population in the city in
the late Byzantine Period, two monasteries were
established in the beginning of 1300, and a third
monastery in the second quarter of the 14™ cen-
tury, on a large area that includes today’s Vefa
(Mango, 1990, p. 429). “Gorgoepekoos”, one of
these three monasteries, was built around 1300 by
adding an annex to an existing church (Mango,
1990, p.429). According to Mango, the features
of this last church fit well with the Kilise Camii
(Mango, 1990, p. 429). Due to their proximity, the
cisterns located to the west and south of the Kilise
Camii were likely related to the monastery whose
katholikon the Kilise Camii was (Figure 1). In the
last repair, traces of Byzantine structures that had
been part of the monastery have also been discov-
ered to the east of Kilise Camii.

Figure 1. The cistern located 30 meters west of
the Kilise Camii (2018). In overview map on the
right, it is seen that one of the walls of the cistern
is partially cut because of the structure built ille-
gally on it in 1966.

Volume 17 / Number 1 / 2022

After the city was taken over by the Ottomans,
Mehmed II settled in the palace district of the for-
mer Byzantine capital. Located north of the Fo-
rum Tauri, the Old Palace was the first imperial
palace to be built in the city by Mehmed II where
currently the buildings of Istanbul University, the
Siileymaniye Mosque, and the Biology Institute
are standing today (Kuban, 2000, p. 205; Ayverdi,
1953, p. 7). Sultan Bayezid II (1481-1512) had
his mosque complex built on the Forum Tauri on
the 3 hill (Kuban, 2000:224). Starting from the
reign of Mehmed II, tradesmen groups such as
saddlers, blacksmiths, coppersmiths, etc. started
to concentrate around the 3™ hill (Eyice, 2006, p.
76). During the reigns of Mehmed II, and Bayezid
I, scholars such as Molla Hiisrev, Molla Giirani,
and Seyh Vefa Efendi established neighborhoods
and built monuments in their own names at Vefa
quarter (Erdogan, 1941, p. 5).

To the north of the Bayezid Complex, Siileyman
I (1520-1566) built his mosque complex. Accord-
ing to Kuban, Siileymaniye is an imperial stamp on
the silhouette of Istanbul, as Hagia Sophia is; it is
the most symbolic structure of the Ottoman empire,
which is incorporated into the urban landscape. As
the dominant element of the Golden Horn silhou-
ette, it has fascinated everyone throughout history
with its grandeur, and beautiful contour in the sky-
line (Kuban, 1998, p. 26). Also worth of mention
are the mansions of Pertev Mehmed Pasha, one
of the viziers of the of Siileyman I, Sultan Ahmed
III’s son-in-law Nevsehirli ibrahim Pasha, Kaymak
Mustafa Pasha, Revani Celebi, Payzen Yusuf Pa-
sha, Shipyard Treasurer Ibrahim Celebi, and Recai
Efendi which were all located in the Vefa Quarter
(Karaman and Dagli, 2008, pp. 278, 281, 286).
Those mansions of the state elders’ were lining the
ridges of Siileymaniye and Zeyrek, all overlooking
Vefa Square, which was landscaped with trees and
flowers; people flocked to this square for strolls
(Erdogan, 1941, p. 5).

Vefa preserved its significance until the end of
the 19" century-beginning of the 20™ century; due
to its proximity to districts such as Beyazit and
Vezneciler, where scholars and students were con-
centrated, it continued to exist as a distinguished
district (Erdogan, 1941, p. 33). Tombstones in the
Kilise Camii cemetery, and the Voyniik Siicaettin
Camii cemetery are good indicators that the people
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buried in them were important and respected citi-
zens (Figure 2). Vefa also kept its popularity until
the 1930s due to its proximity to Sehzadebasi, and
Direklerarasi, the entertainment and art centers
of the Old City (Esmer, 2020, p. 298). The Siil-
eymaniye region, which comprises the Vefa quar-
ter, where the upper class lived until the first half
of the 20™ century, has changed slightly since the
Constantine Era, with great fires and earthquakes.
But it has not undergone major changes until the
first half of the 20™ century; the urban fabric ex-
hibited an organic development which matched
the land’s topography (Kuban, 2001, p. 3)

Penie ol sayyid o hac Mohammed
Esrin Afja'nin rihu igin

S Eifalha 1126 sens - 5 mebiilsanimbilisher

Figure 2. The tombstone from Vefa Kilise Camii
hazire (cemetary) (2007).

In the 19" century the Ottoman industry started
to develop on the shores of the Golden Horn due
to the ease of access and transportation its shores
provided. Unfortunately, the first master plan for
Istanbul in the Republican Era suggested that in-
dustrial facilities should be further built on the
shores of the Golden Horn. In the following years,
the Golden Horn area, as well as the Siileymaniye
neighborhood, became an area housing factories
and ateliers of various sizes, changing the resi-
dential character. Another important factor for the
change was the opening of Atatiirk Boulevard on
27.02.1943. This was a major town planning act
of the early 40’s in the Republican Era which re-
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sulted in the demolition of some monuments as
well as of many houses. It further brought about
significant changes such as a major change in the
volume of buildings, their average proportions and
their lots. The enlarged width of roads also invited
more motor-vehicles while consecutive construc-
tions of new buildings and facilities further altered
the previous residential character. Concerning the
inhabitants of the area, the demographical and
social status of the neighborhood changed drasti-
cally in the following years.

After the 1950’s the inhabitants of Siiley-
maniye, responding to the changing physical and
social environment factors, sold their houses in
order to move to new “selected” neighborhoods
of Istanbul, leaving their houses to new migrants.
The neighborhood became the first “station” for
migrants providing accommodation with very low
rents. As the new owners/tenants of the houses
could not appreciate their value, some of them
were transformed into small ateliers or storage
spaces while some big houses and mansions were
rented room by room to migrant families, changing
completely the inner spatial features. Therefore, a
maintenance problem arose which resulted in the
loss of many structures. The socio-demographical
pattern of the new inhabitants also lead to some
other problems. Extreme fanaticism blended with
ignorance damaged monuments such as Vefa
Kilise Camii. Concrete was poured over the spoli-
ated parapet slabs of its minaret in 1995, as well as
many other inconvenient interventions.

The Siileymaniye Urban Historical Area was se-
lected for UNESCO’s World Heritage List in 1985.
However, after the 2000’s, the rising value in real
estate in Istanbul and the gaps in the Turkish legal
system increased the problems. Although Siiley-
maniye was a World Heritage Site, it was declared
a renewal area in 2006 by the help of the Law No.
5366. Law No. 5366 on the “Conservation through
Renewal and Utilization through Revitalization of
Deteriorated Historic and Cultural Properties”, the
“Renewal Law”, issued in 2005, played a key role
in transforming many historic areas. With this law,
the Council of Ministers has become able to desig-
nate “urban renewal sites” while giving local au-
thorities (municipalities) a great deal of power over
these projects contrary to the conventional planning
system (Esmer et al, 2023).
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2. Brief history of Vefa Kilise Camii and its
repairs

On the narrow road leading to Vefa Square,
north of the Sehzade Complex, was the first
church here which was built by the patriarch Sfor-
akios during the reign of Theodosius (408-450
AD) according to Paspatis (Paspatis, 1877, p.
314). However, this early period structure was de-
stroyed in a fire (Paspatis, 1877, p. 315). Also the
quarter called Vefa today, housed the residence of
the historian Nikitas Choniatis, which was burned
in 1204 by the Latin crusaders (Paspatis, 1877, p.
316). Paspatis as well claimed that it was possible
that the church which we call as the Kilise Camii
was dedicated to Agios Theodoros, a soldier saint,
or to Agios Phanourios, also a young soldier saint.
The claim that this church was named Phanero-
tis in honor of Saint Phanourios stems from the
tradition during the Byzantine period. Because
those who lost money visited the church (Paspatis,
1877, p. 316). However, there is no definite evi-
dence about certainity of these names to belong to
the Vefa Kilise Camii.

According to Mango, the Kilise Camii may
be the katholikon of one of the three monasteries
founded around Vefa in the 14™ and 15™ centuries.
Specifically, he suggested that Vefa Kilise Camii
might be the monastery church named “Gorgo-
epekoos” that had annexes built around 1300 by
Nikephoros Choumnos, originally built by Mi-
chael IV or V around 1034-1041 (Mango, 1990, p.
429). This is because the building phases observed
in the Kilise Camii and the so-told features of this
structure are very similar.

It is believed that the narthex and naos of the
Kilise Camii, which are the first phases of the cur-
rent structure, were built in the 11" century dur-
ing the Middle Byzantine period (Mango, 1965,
p- 330). After the Latin invasion, the northern and
southern annexes were probably added as part
of the building’s repair work (Mango, 1965, p.
330). The outer narthex is thought to have been
built around 1320 (Ousterhout, 1987, plate:161).
Vaulting evidence indicates the northern annex
was added later than the naos. In the passage from
the outer narthex to the northern annex, there is
still a visible lower part of an arched window
opening, proving the outer narthex, the last phase
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in Byzantine Era, was built after the northern an-
nex (Ousterhout, 1987, plate:163).

Ottoman annexes such as a minaret and mihrab
were added when the building was converted into a
mosque in 1484 (Barkan and Ayverdi, 1970, p. 61).
The structure is defined as follows in Hadikat’iil Ce-
vami: “The founder is Seyhii’l-Islam Molla Giirani,
and Abdurrahman Efendi, one of the mudarris, son
of Mehmed Eminzade Hiiseyin Aga, gave up its
minbar” (Ayvansarayi, 2001, p. 251).

It wasn’t until 1833 that there was much infor-
mation about the structure following this change
of function by the end of the 15" century. In the
texts written by Evliya Celebi and Ayvansarayi,
very little is stated concerning the building than
a very general description. The structure was in a
dilapidated state when Texier examined it in 1833
due to the fire that had occurred in August that
year (Rebitilahir 14, 1249) (Cezar, 1963, p. 327).
Texier drew the first survey of the Kilise Camii
in 1833 (Figure 3). The drawings of Lenoir, who
examined the building in 1836, were published
in 1852 after those of Texier. Following Lenoir’s
inspection, the building was renovated with some
changes to its architecture (Mango, 1965, p. 324).
The structure was inspected for the first time by
Salzenberg after repairs were completed. During
Salzenberg’s visit, the building looked quite like
it does now, and it was in use as a mosque (Man-
g0, 1965, p. 324). In 1877 and 1878, Pulgher and
Paspates were the researchers who examined the
structure following Salzenberg.

Figure 3. The survey of Kilise Camii by Texier
(RIBA, 1833).
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The Kilise Camii underwent a repair at the
beginning of the 20™ century according to a do-
cument found in the Ottoman Archives dated 30
January 1907. According to the document, some
of the damaged parts of the building were explo-
red and the building could be repaired by the state
using the emanet system with the approval of the
sultan. It is confirmed that the Sultan accepted this
request (Figure 4).

Figure 4. The archival document showing the
repair of the Kilise Camii (L. EV. / 1324 Z/8 ).

Following the repair, Gurlitt and Millingen in
1912 and Ebersolt in 1913 examined, photog-
raphed, and surveyed the structure. Some incon-
sistencies exist in the drawings of Texier, Lenoir,
Salzenberg and other researchers. However it’s
important to note that Texier and Lenoir’s drawin-
gs were made before photographic technology
became prevalent and they provide information
belonging to the first half of the 19" century

In 1926, another researcher, Nikolai Brunoff
came to Istanbul and examined the building (Fig-

12

ure 5) (Brounoff, 1926, p. 13). And in 1937, an
amateur enthusiast, Hidayet Fuat Tagay, worked
with a topographer Miltiadis Nomidis for 10
months in the building for its repair. The most im-
portant outcome of their work were the discovery
of the tomb chambers in the basement of the build-
ing, and the mosaics of the outer narthex domes
(Figure 6). This repair was stopped abruptly when
their permit was cancelled before they could finish
uncovering, and cleaning the outer narthex mosa-
ics (Nomidis, 1958, p. 36).

il .
Figure 5. The Brunoff's examination of the south
parekklesion (Brunov, 1930/31, p.140).

In 1955, 1965, and 1972 consecutively, super-
ficial restorations were carried out by the Pious
Foundations (Vakiflar) on the facades of the Kili-
se Camii resulting in the loss of some traces in the
masonry (Figure 7). The interview for my disser-
tation with Semavi Eyice revealed that the repairs
were made without a restoration project. Further-
more, no detailed record of these repairs, but only
some expense and material lists were found in the
Archives of the Istanbul Regional Directorate of
Pious Foundations. The last repair by Vakiflar in
the 20™ century was in 1987, again without a res-
toration project.

After 2006, the Vefa Kilise Camii, and its sur-
roundings were transformed into one of Istanbul’s
Renewal Areas. In a report filed by the Renewal
Board, it was stated that the marble parapets and
column capitals were plastered and covered with
a thick layer of paint. The building underwent a
restoration campaign by the Pious Foundations
in 2018, and was reopened to worship in March
2021.
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Figure 6. The article of Nomidis presented de-
tails of the repair work (Nomidis, 1958, p.39)

3. Problems of Preservation Before The
Last Repair

There has been multiple changes to the origi-
nal structure as one can imagine during its mille-
nial lifetime. Apart from various changes during
the Byzantine Era, in the 15" century, during its
conversion to a mosque a number of liturgical in-
terior elements of the church were lost, including
the ambon and iconostasis. There has been a cut
in the eastern facade in the lower part of the dia-
conicon, and the entire protrusion of the prothesis,
and the apsis of the north annex is also demolis-
hed at an unknown date. A fire in 1833 damaged

the parekklesion adjacent to the south facade; four
marble columns supporting the main dome of the
naos were replaced by stone piers. There are no
remaining original wooden Ottoman annexes such
as its minbar and sultan’s lodge.

However, prior to the last repair in 2018, the
structure suffered from severe problems as never
before such as: negligence, unplanned repairs, de-
terioration of materials, fires, earthquakes, func-
tional changes, user-caused problems like vandal-
ism, and unproper additions/interventions (Figure
8). Natural, environmental, and human factors all
contributed to the problems. It can also be noted
that elements from both the Byzantine and Otto-
man periods were similarly damaged.

In the years since the last well documented re-
pair at the Vefa Kilise Camii in 1937, which was
cut short for an unknown reason, only superficial
and unplanned repairs have been conducted. An
incorrect jointing on the south facade caused ma-
sonry traces to be lost in 1972, and the roof shape
of the north annex also changed.

In 1979, a member of its congregation white-
washed the hand-drawn decorations from the
last Ottoman restoration and the mosaics. As a
consequence, the appearance of Ottoman hand-
drawn decorations along with Byzantine mosaics,
which encompass different cultural layers, was
muffled. The conservative attitude combined with
ignorance caused some residents in the quarter to
scrape and plaster some reliefs on the monument’s
west facade.

Figure 7. The traces of arches on the south facade (Ebersolt, 1913-Sengiil Tiimer, 1953)
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Figure 8. The condition of the north annex prior
to restoration (2007).

Crosses on the marble parapets of the western
facade, which now look clean after restoration,
were scraped off before cement was applied. An
Artamanov photograph from the 1930s shows one
of these intact crosses. There is a possibility that
those who scraped away the crosses learned that
damaging historical monuments is illegal and cov-
ered the areas they damaged.

Figure 9. The condition of the roof prior to resto-
ration (2007).

In 1995, the north annex of the Vefa Kilise
Camii were transformed into a wc unit. Aside
from hygienic concerns, an improper plumbing
intervention affected the historic structure. And
ablution faucets were placed on the north wall of
the outer narthex. Daily abuse by its users gradu-
ally deteriorated the structure. A shanty structure
was added to the east of the south annex which
was used with the south annex as a lodgement for
the mouezzin. However the lodgement was rent-
ed to a family not related with the Kilise Camii.
Moreover another shanty-unit with a metal struc-
ture was placed at the southwestern corner of the
outer narthex and a person selected by the mosque
congregation was dwelling in it. Also there was a
room on the second floor of the north annex above
the wc unit that the congregation used like a dor-
mitory for some youngsters without a legal per-
mission. Since In January 2009, the joinery on the
eastern facade of the building was replaced with
PVC windows. Istanbul Regional Directorate of
Foundations became aware of the situation, but
did not initiate an action. Furthermore, during the
repair work, it was discovered that cement mortar
had been carelessly applied to the parapet slabs on
the balcony of the minaret. As well for this, pun-
ishment should be meted out to whoever was re-
sponsible.

Rain and snow were leaking in through the
building’s roof and facades, causing damage to
the walls and ceilings (Figure 9). Cement-based
mortar used to repair the building in 1955, 1965,
1972, and 1987 consecutively contained salts that
leached into the brickwork, causing efflorescence.
It would therefore not be incorrect to say that the
structure was in dire need of urgent repair prior to
2018 in order to stop its relentless deterioration.

4. Evaluation of recently completed repair

Following the re-opening in March 2021, the
mosque began serving as a religious building, and
its general view and state of conservation have im-
proved significantly. They removed the wc unit from
the north annex, shanty-unit from the outer narthex,
and built ablution faucets outside in the courtyard to
replace the shantystructure next to the south annex
(Figure 10). Further, they uncovered the remnants
of the monastery on the east side of the mosque (the

14
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Figure 10. The new ablution faucets (2021)

masonry technique is similar, there is also a curvilin-
ear fragment of an apse and a broken cornice on it),
and the remains of the wall that formerly housed the
mosque’s madrasah (Figure 11).

¢ -
= ﬁ o T i

Figure 11. The walls of monastery (2021)

It’s deliberately good that they left the rem-
nants without any re-integration. On the south fa-
cade, they discovered the bases of the collapsed
parecclesion columns. Furthermore, north and
south parekklesia, of which Brunov, and Thies

mentioned in their research, were excavated and
left open for exploration. This has made it possible
to see some of the building details that were seen
in Texier drawings in 1833. And in general, the
pointing and plastic repairs are of good quality.
The following issues, however, might have
benefited from better interventions: pointing and
investigating traces in specific areas, deciding
what color to paint the walls and ceilings, and
some of the new fabrications. It was worth paying
attention to the special decorations on the facades.
Among them is the checkerstone motif between
the two arches over the entrance door on the outer
narthex’s western facade (Figure 12). The check-
erstone motif was not appropriately pointed. Even
in the previous dilapidated state of the facade, the
motif looked more discernable. A second motif is
the meander motif on the northern facade, which
Lioba Theis discovered and that I stressed in my
dissertation as a point to be careful with during re-
pair work. This part of the wall was simply pointed
without investigating the motif (Figure 13). And
the meander motif is probably lost irreversibly.
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Figure 12. The checkerstone motif (Above: 2007
- Belove: 2021).
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Figure 13. The place of the meander motif (Es-
mer, 2019 during repair- Theis, 2005)
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Figure 14. The bowls left open after the repair
(Hendrixe D. 2021)

There were also traces of arches on the south
facade that can be seen in the drawings by Eber-
solt, Van Millingen and also in the photographs
by Sengiil Tiimer, an art history under-graduate
student who completed her graduation thesis with
Semavi Eyice in 1953. The traces were as well
discussed in my phD dissertation. During the 1972
repairs, these traces were lost. They have also not
been investigated in the recent restoration, so the
facade remained same as it was before the repairs
regarding these two arches (Figure 7). Further-
more, the three partially visible bowls on the south
facade have been cleaned and left open, but they
are in need of protection. They have probably sur-
vived so long because they were plastered during
the Ottoman period and are now exposed to the
sun, snow, and rain (Figure 14).

For interior a yellow color was preferred at the
last repair, likely due to rasping during restora-
tion and the discovery of old layers. However, this
yellow color is very dominant and does not look
convenient. A softer tone would have been more
appropriate. The Ottoman decoration from its last
repair is forced into any surface that is available
(Figure 15). There are even instances where hand
drawn decorations have been applied to asym-
metric surfaces, which makes them look odd. The
windows made of white portland cement on the
upper elevations would look better if these were
placed a little inside and had a shadow share (Fig-
ure 16). The entrance portal, especially the tone
of the wood veneer could have been much better
chosen (Figure 17).

16
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Figure 15. The interior color and hand drawn Figure 17. The entrance portal (2021)
motifs (2021)
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Figure 16. The windows from white portland ce-
ment (2021)

Figure 18. The wooden porch (2021)
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One of the most problematic applications
is a wooden porch next to the south facade and
blocking the triple opening completely (Figure
18). Wooden posts with wide cross-sections were
used frequently, as if they were meant to support a
3-storey building, when they only needed to sup-
port a wooden porch.

All the architectural sculpture pieces found
during excavation are still standing in front of the
eastern facade to be displayed, and it is hoped that
the courtyard will remain clean and free of trash in
following years.

During the restoration the parapet slabs of the
minaret were cleaned off the cement coating but,
while the majestic peacock-adorned slab and other
slabs remain in-situ, the color of their stones faded
and some details were obliterated while cleaning
the cement on them, which is unfortunate (Figure
19). Moreover, currently the interior of the parapet
of the minaret is cluttered with wires and speakers,
causing it to look unkempt.

On the western facade, there were two stone-
mason’s marks (theta-epsilon) and a bit too much

cleaning was applied, so that the surface of that
piece seems to have eroded. Also, the column stand-
ing on that piece which serves as a column base
was replaced with a new one during the last restora-
tion. The previous shanty unit was attached to that
column, so it may have caused the original one to
deteriorate. The replaced column is of gray veined
marble, and does not seem to go well with the rest
of the elements on the facade in colour and texture.
Finally it is important to make a few remarks on
the nearby surroundings of the monument which is
located in Siileymaniye World Heritage Site. The
surrounding areas of the Kilise Camii look more
like a post-conflict zone, rather than a UNESCO
World Heritage Site in the photograph taken from
its minaret balcony (Figure 20). There is a park-
ing area for motor vehicles on every plot of any
demolished structure. In such an environment it is
not possible to expect that the Vefa Kilise Camii
will be maintained, clean, and its preservation will
be safeguarded. Further, it is located in a renewal
zone that is capable of producing major changes in
quantity within a short amount of time. Based on

[
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Figure 19. The figures on the parapet slabs of the minaret balcony (Erdogan, 1996 - Esmer, 2021).
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these circumstances, Kilise Camii is continuously
threatened by its environment, and is at risk.

Figure 20. The nearby surroundings of the Vefa
Kilise Camii (2021)

5. Conclusion

Medieval structures are excellent historical
documents, providing evidence of different styles,
and periods. Over the centuries, they have been
repaired many times, and additions have been
made at different periods. Defining, repairing, and
maintaining these structures requires multidisci-
plinary, multi-expert teams. After the repair of the
Vefa Kilise Camii, it is clear that there were some
points that could have been better handled.

By their nature and history (materials and as-
sembly), architectural heritage structures present a
number of challenges in diagnosing and restoring
them that limit the application of modern build-
ing codes and standards, according to the Icomos
Charter- Principles For Analyzing, Conserving
And Restoring Architectural Heritage (ICOMOS,
2003). It is desirable and essential to provide rec-
ommendations that cover both rational methods
of analysis and culturally appropriate methods

of repair. Architectural heritage which requires a
multidisciplinary approach for conservation, re-
inforcement, and restoration is not just about its
appearance, but also about the integrity of all its
components as a unique product of the specific
building technology of its era. Furthermore, all
its qualified additions are considered part of the
monument. There is a need for a thorough under-
standing of the materials and structural character-
istics. Information on the structure in its original
and earlier states is essential.

Interventions should ensure safety and durabil-
ity while preserving heritage values as much as
possible. Within each small corner of the monu-
ment one can detect an important detail of its long
past, building/repair technology, approach of the
period and so on. For instance after the clean-
ing of the paint layers one can see the masons’s
toolmarks on one of the delicately carved column
bases at Vefa Kilise Camii or a spoilated Ottoman
slab used as a lintel at one of the openings on the
main apsis on the eastern facade (Figure 21).

The choices of colors to be applied, the addi-
tions to be removed, the motifs to be added all re-
quire a thorough understanding of the structure’s
history, its periods, past repairs, building tech-
niques used at the time it was built, including its
qualified additions, as well as the knowledge of
the current methods of conservation. Maintenance
of the building after repair is also another concern.
The inside of the balcony of the minaret is already
cluttered with cables and speakers. Moreover, it
looks like the architectural sculpture was laid
down haphazardly in the garden without being
properly secured against theft and/or damage.

Therefore, it is of utmost importance that these
medieval structures have continual scientific com-
mittees that observe, and report any problems as
they occur, so that precautions can be taken before
they become too severe. Additionally, a protective
zone should be established around them to prevent
them from being affected by physical and social
changes.

Besides being a protected area, and also a World
Heritage Site, the Siileymaniye is a renewal area
since 2006. World Heritage Site of Siileymaniye
encompasses Vefa quarter and the Kilise Camii,
and there is a sharp confict related to preservation,
as the area is both a World Heritage Site, and a re-
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newal area. As recommended by the Valletta Prin-
ciples (ICOMOS, 2012), a protected urban area is
any part of a town that represents a historical peri-
od or stage of development of the town. It includes
monuments and authentic urban fabric, in which
buildings express the cultural values for which the
place is protected. Therefore, it is unacceptable
to approve the state of Siileymaniye as renewal
area according to its requirements of preservation.
Furthermore, as indicated in the charter, an accu-
mulation of changes could have a negative effect
on a historic town and its values. However, major
quantitative and qualitative changes are enabled
by the Renewal Law No. 5366 in renewal areas.

As a conclusion, a preservation strategy for a
medieval monument needs to consider the urban
scale, the surrounding environment, the building
structure, and material conservation requirements.
In the case of Vefa Killise Camii, it is hoped the in-
stitutions responsible will keep these requirements
in mind for the future.

Figure 21. The toolsmarks on the column base and an spoliated Ottoman slab (2021).
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Abstract

Conforming to the established norms of the
imperial architectural style, the congregational
mosques of the 16th-century Ottoman complex-
es in Aleppo exhibited a radical break from the
mosque architecture of the city with their central-
ized ground plans, hemispherical domes, and cy-
lindrical minarets. However, they were not exact
copies of those in the capital, instead, they were
products of multi-leveled interactions among the
center, the region, and the province. Through a
historical and architectural analysis of Behram Pa-
sha mosque, locally called al-Bahramiyya, this pa-
per aims to clarify these influences and their deep-
ness. It also presents the damages induced by the
recent conflict in the city and the mosque’s current
conservation condition.

Key Words: Syria, Aleppo, Built Heritage,
Mosque, Ottoman, Architecture, Conservation

1. Introduction

More than any other building type, the Ottoman
congregational mosques imprinted an image on any
cityscape in the Empire of proclaiming the power
of the center. They were the monumental structures
that towered over the other structures and defined
the urban skyline. The influence of the central im-
perial style on every provincial mosque was a natu-
ral result of the organization of architectural activ-
ity in the Empire as the imperial architectural office
was responsible for the design and execution of the
buildings of the Sultanic family and the ruling elite
in both the capital and the provinces. However, the
varying levels at which the imperial ateliers took
part in this process opened the door for local influ-
ence. For Sultanic constructions, court architects
might be sent from the capital while buildings for
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lesser patrons were more likely to be entrusted to
local architects and craftsmen, though they might
be provided with drawings and sometimes written
descriptions from the imperial atelier (Kafesgioglu,
1999, pp.82-84). Necipoglu (1986, p. 231) noted
that, in such cases, there was a marked lack of
drawn elevations. This was reflected in the great-
er central Ottoman feel of the plans in contrast to
provincial elevations, where a greater variety and
detachment from central Ottoman models is evi-
dent. Another factor that played a considerable role
in this detachment was the rotation of governors
among provinces (Necipoglu, 2010, pp. 157-160)
During their tenures, the governors had the chance
to be familiar with local building techniques, and
closer to the local masons and workshops. They lat-
er engaged them in their provincial building cam-
paigns which enabled another set of interactions at
aregional level.

This was the case with the 16th- century Otto-
man mosques of Aleppo. The city came under Ot-
toman rule in 1516 and changed from a frontier city
on the borders of the Islamic lands into an interior
urban center well protected from outside aggres-
sion. The later expansion of the Ottoman Empire
towards Iraq, North Africa, and Arabia created an
enormous market where both individuals and prod-
ucts could circulate freely. As a commercial center
located on the main trade routes, Aleppo benefited
well from these interior currents in addition to the
favorable changes in the international trade routes
that had already started since the late 14th century.
Regional and international trade flourished in the
city which was reflected in economic, demograph-
ic, and urban growth throughout the 16th century.

The Ottoman building campaign during the 16th
century was concentrated in the central commer-
cial zone in order to meet the increasing demand
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for commercial and production spaces. Large four
complexes, of which three comprised congregation-
al mosques, were established successively by Hiis-
rev Pasha in 1546, Dukakinzade Mehmed Pasha in
1556, Sokullu Mehmed Pasha in 1574, and Behram
Pasha in 1583. Together with those established by
the Mamluk governors in the late 15th century, the
Ottoman complexes doubled the commercial zone
and transformed it into an economic quarter called
“el-Mdine” by their extensive size, their architectur-
al quality, and the diversity of occupations they ac-
commodate. Situated beside each other, these com-
plexes connected the two major urban cores of the
city; the citadel’s perimeter and the Great Umayyad
Mosque and the markets (suqgs) around it. In addi-
tion, they pivoted back the commercial zone to its
classical west-east orientation by reviving the main
thoroughfare extending from the citadel in the east
to the Antioch Gate in the west. (Figure 1)

While the commercial dependencies of these
complexes considerably followed the local build-
ing conventions, their congregational mosques
conformed more to the established norms of the
imperial architectural style. With their centralized
ground plans, hemispherical domes, and cylindri-
cal minarets, they exhibited a radical break from

the mosque architecture inherited from the prec-
edent Islamic periods. However, the local influence
was also apparent in the applied construction tech-
niques, selected materials, and decorative features.

As the latest of the 16th-century Ottoman
mosques in Aleppo, the mosque of Behram Pasha
(al-Bahramiyya) constitutes a valuable case to ex-
amine the deepness of the central, regional, and
local influences and understand the mechanism
of their interaction. The mosque is typical to the
Ottoman model, yet has extremely close affinities
with local and regional examples so that it was
claimed as “the beginning of a decentralization of
influence” (David, 1991, p.183).

2. The Foundation of Behram Pasha in
Aleppo

Behram Pasha, known as Halhalli (Bangled), was
born in Gaza to Kara Sahin Mustafa Pasha, a Bos-
nian recruit, who served as governor of Gaza and
of Yemen (1556-60) and then of Egypt (1560-64),
with the honorary rank of vizier. [ 1] Behram himself
held the governorship of several cities in Anatolia
and the Arab lands including Diyarbakir, Yemen,
Sivas, Erzurum and Aleppo. He also participated in

1. 2 The complex of Hisrev Pasha, 1546 and the speculated location of the dependencies which are not extant,
3, The complex of Dukakinzade Mehmed Pasha, 1556
4. The complex of Sokollu Mehmed Pasha, 1574

5. The complex of Behram Pasha, 1583

Figure 1. The 16"-century grand Ottoman complexes in the central commercial zone

(based on the map of Gaube and Wirth, 1984)
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military campaigns, including the Cyprus campaign
of 1570-71 and the Safavid campaigns of 1578-79
and 1581-82. Behram Pasha died in 1585 and, as
stipulated in his will, he was buried in Aleppo, in a
mausoleum at the south side of his mosque. [2] In
addition to his complex in Aleppo, Behram Pasha
built charitable buildings in Diyarbakir and Urfa and
supported them with numerous revenue-generating
properties and lands (Necipoglu, 2010, pp. 467-
468). The patron’s mosque in Diyarbakir, dated by
inscription to 1572-73 and attributed to the Ottoman
architect Sinan, is particularly relevant to the archi-
tectural study of al-Bahramiyya Mosque because of
the close affinities between the two structurs.

The building campaign of Behram Pasha in
Aleppo started in 1580, the year of his governor-
ship of the city, and was completed and registered
as a foundation (wagqf) in 1583. [3] According to the
trust deed of the foundation (waqfiyya), the benefi-
ciary buildings of the foundation are the patron’s
mosque, public fountain (sabil), elementary school,
and latrine. The revenue-generating properties in-
clude two markets (sugs) to the mosque’s immediate
north, a qaysariyya, and a coffee house. The second
group of properties, a public bathhouse (hammam)
and a qaysariyya, is located in the extramural neigh-
borhood of al-Jdayde. [4] The distribution of Beh-
ram Pasha’s buildings followed the Ottoman urban
strategy in developing the central commercial zone.
At the same time, it initiated a new trend in develop-
ing the northwestern suburbs, which were economi-
cally important but so far un-patronized in the Otto-
man period. This decision was interpreted by some
researchers to be a result of the large-scale building
campaigns of the 16th century in the commercial
zone where the available areas were diminishing
and the property values were rising forcing the con-
structions out (Raymond, 1979, p. 116) However,
the quarter of al-Jdayde had begun to flourish as a
major center of industry, in particular silk and cloth-
weaving industries, since the late 15th century, of-
fering great potential for urban interventions.

3. Behram Pasha (al-Bahramiyya) Mosque

3.1 History

Throughout its history, the mosque has witnessed
several damages and consequent interventions that
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altered some of its original features. These inter-
ventions are mentioned by the two famous Alep-
pine historians in the early 20th century, al-Ghazzi
(1991, p. 44) and at-Tabbakh (1988, pp. 175-176).
The earliest known intervention took place in 1699
when a new minaret was constructed instead of
the original collapsed one according to the inscrip-
tion above the minaret’s door. [5] There is no de-
scription of the original minaret. However, it was
praised by the Ottoman traveler Evliya Celebi as
“the most beautiful one in Aleppo” when he visited
the city in 1671-72 (Celebi, 1935, p. 375). When
the minaret fell, it is possible that the western side
of the mosque was severely affected. Al-Ghazzi
mentions that the western entrance of the courtyard
was blocked because the whole adjacent alley was
inaccessible. The western portico of the courtyard
and the latrine, mentioned in the deed as being op-
posite the entrance across the alley, are not extant
today. The western bays of the portico preceding
the prayer hall were also destroyed. They were re-
built later, at an unknown date, in a system that is
different from the original one that is observable in
the eastern bays.

The earthquake of 1822 resulted also in severe
damages. As the revenues of the foundation were
not enough to cover the costs of repairs, the con-
sequent interventions were gradual and lasted until
the early 20th century. The dome of the prayer hall
collapsed and was rebuilt after about 40 years in a
totally new structural system. [6] In 1882, the origi-
nal ablution pool in the middle of the courtyard was
replaced by a modest square one provided with taps
along its sides. In 1924, the mausoleum of Behram
Pasha in the back garden was renovated. In the fol-
lowing year, a new block was built along the west-
ern side of the courtyard instead of the original por-
tico. The block contains a prayer space (hijaziyya)
and an ablution room that was provided with hot
water. [7] The northern and eastern porticoes of the
courtyard were not rebuilt. Finally, the mosque wit-
nessed maintenance works under the supervision of
the General Directorate of Islamic Foundations in
the second half of the 2000s.

3.2 Urban Setting

The mosque lies south of the east-west main
thoroughfare of the central commercial zone. It is
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surrounded by the patron’s suq to the north, two
narrow alleys to the east and west and by the bi-
maristan (hospital) of Nur ad-Din, dating back to
the 12th century, and other buildings to the south.
(Figure 2)
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Figure 2. The plan of Al-Bahramiyya Mosque
(2010)

Based on a survey conducted by the students
of the Faculty of Architectural Engineering at
Aleppo University in 1991

The mosque has three entrances leading di-
rectly to the courtyard. The main entrance, with
the public fountain on its eastern side, is reached
midway through the northern suq. In an arrange-
ment that recalls the entrances of the major Otto-
man khans rather than mosques, al-Bahramiyya’s
main entrance is signaled by three raised domes.
The dome over the portal is characterized by its
mugarnas pendentives. (Photo 1) The portal itself
is richly decorated; built entirely with alternative
courses of yellow and black stones (ablaq) and
surrounded by a wide frame with carved geo-

metrical ornaments. The doorway is topped with
an elaborate crested segmental arch and set inside
a niche ending with a pointed arch instead of the
usual muqgarnas hood. (Photo 2) The mosque’s
other two entrances are set at equivalent positions
on the eastern and western sides. They are identi-
cally built and simpler than the main entrance. The
doorways are built with polychrome masonry and
set within pointed niches. (Photo 3)

Photo 1. The domes in front of the mosque s
main entrance (2008)

Photo 2. The mosque s main entrance (Knost, S.
2009)
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Photo 3. The mosque's eastern entrance (2008)

3.3 Architecture

The entrances lead to a rectangular and spa-
cious courtyard. (Photo 4) The prayer hall, pre-
ceded by a portico, occupies the southern side.
The new block, built in 1924, extends along the
western side. The remains of two column shafts
are laid horizontally in front of the block. Along
the eastern side, there is a raised platform ending
with a small room, that seems like a later addi-
tion, at the northeastern corner. Five rectangular
windows pierce the courtyard’s wall overlook-
ing the adjacent alley. The main entrance on the
northern side is flanked by two rooms on each side
opening directly towards the courtyard by a door
and a window for each. The wall bears traces of a
former preceding portico that comprised 11 bays.
(Photo 5) Two ablution pools take place in the
middle of the courtyard; the square one which was
built in 1882 and another one which is circular and
smaller in size.

The current condition of the courtyard presents
little of its original appearance. Originally, three
porticoes extended along the eastern, western, and
northern sides. They were covered by brick domes
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and supported by columns. The original ablu-
tion fountain was covered by a brick dome with a
wooden canopy and provided with iron grills. [8]
Had the courtyard persevered its original features,
it would have been the closest to the central idioms
among the three 16th-century mosques in Aleppo
with its regular shape, symmetrical composition,
and axial layout in which the main entrance to the
courtyard aligns precisely with the main entrance
of the prayer hall, which in turn aligns with the
mihrab centered on the qibla wall.

Photo 5. The traces of the former northern por-
tico (2008)

The prayer hall is preceded by a noticeable long
portico of 9 bays; of which only the three to the
east have survived in their original form. (Photo 6)
They are covered by small domes and supported
by elegant columns with muqarnas capitals. Water
spouts emerge just below the plain cornice in the
middle of each spandrel. The new bays, however,
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are covered with cross vaults and supported by
rectangular stone piers. On the fagade, their cor-
nice is a little lower than the original one.

Photo 6. A general view of the prayer hall s por-
tico (2011)

The reconstructed minaret rises from the west-
ern side of the portico. Conforming to the Ottoman
style, the minaret has a square base and a cylindri-
cal shaft, interrupted by a balcony with a cut stone
balustrade and topped by a cone covered with lead
tiles. The shaft is ornamented with a band of black
joggled stones in the shape of crests just under the
balcony. The transition between the square base
and cylindrical shaft is created by using muqarnas
units at the corners of the base. (Photo 7)

On both sides of the prayer hall, there is an
iwan, which drops back to the garden wall. Each
iwan is provided on its lower level with a mihrab
and two windows overlooking the garden behind.
Above, another small window gives further light
to the space. (Photo 8) The western iwan gives ac-
cess to the minaret and the western gallery, which
overlooks the interior space of the prayer hall,
while the eastern iwan gives access to the eastern
gallery and to a small room, which is secluded in
the eastern corner and detached from the prayer
hall. This room may have been a guest room, per-
haps for prestigious visitors. Since they have no
earlier models, these two iwans have provoked
some discussion. David (1991, p. 183) considered
them a local “Aleppine feature” that was re-used
only once in the 18th-century al-Madrasa al-Uth-
maniyya in Aleppo.
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Photo 7. A general view of the minaret (2008)

Watenpaugh (2004, p. 87) considered them a
development of the two tabhane rooms flank-
ing the prayer hall in T-type Ottoman mosques.
The two closest examples in the region are the
mosques of al-Khusrawiyya in Aleppo (1546) and
Iskender Pasha in Diyarbakir (1551). Wolf (2005,
364-365) argued that these iwans may have been
a derivation of a garden view in the context of the
double-portico mosques where the outer portico
wraps around the inner one and provides a view
onto the rear garden. Several examples of double-
portico mosques can be found in Syria and the re-
gion such as the mosque of Sultan Suleyman in
Damascus (1558), al-Adiliyya mosque in Aleppo
(1565), and Behram Pasha’s mosque in Diyarbakir
(1573). Whatever its origin is, it is evident that this
peculiar feature of exterior iwans has developed in
the regional and local context rather than imported
from the center. Aesthetically, these iwans give a
dynamic spatial quality under the portico. Func-
tionally, they provide a kind of additional prayer
space, as they are equipped with mihrabs.
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Photo 8. The iwan on the eastern side of the
prayer hall (Meinecke, M. 1984),

Apart from this specific feature, the layout of
the prayer hall’s fagade conforms to the central Ot-
toman model. The portal in the middle is flanked
by a window and a small mihrab on each side.
(Photo 9)

Photo 9. A section of the prayer hall s northern
facade (Meinecke, M. 1984),

The portal is built with polychrome masonry
and recesses within a large niche topped by a
pointed arch. Lacking the mugarnas hood, the por-
tal came closer to the local idiom than those of the
previous Ottoman mosques in the city. (Photo 10)
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The tympanum of the niche is covered by carved
stone ornaments and muqarnas strips recalling the
portal of the Mamluk Oghul Bek mosque (1480)
in Aleppo. The windows of the prayer hall are also
built with polychrome masonry and surmounted
by relieving arches.

Photo 10. A general view of the portal of the
prayer hall (2008)

The prayer hall is a domed cube with a five-
sided apse on its southern side. The original dome
was resting on eight arches and four squinches.
The remains of the squinches at the hall’s corners
have retained roundels and 3 rows of mugqarnas
corbelling. (Photo 11) The original dome covered
an approximate area of 324 m2 which made it the
largest among the other Ottoman domes in the city
(David, 1991, p. 185). The rebuilt dome, however,
was built raised on a drum pierced with 16 small
windows. The drum itself is supported by four
piers set directly into the hall with pendentives
being used as transition elements. (Photo 12) The
rest of the hall is covered by vaults.

On the four sides of the hall, there are deep re-
cesses carved as window casements.
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Photo 11. One of the original squinches at the
corner of the prayer hall (2008)

Photo 12. A general view of the dome built
around 1860 (2008)

On the lateral sides, every recess accommo-
dates a mihrab on its southern face. The recess-
plan was a structural arrangement developed by
the architect Sinan. The earliest example of this
arrangement is Hadim Ibrahim Pasha’s mosque at
Silivrikapi in Istanbul (1551), while the two ex-
amples closely related to al-Bahramiyya, are al-
Adiliyya mosque in Aleppo (1565) and Behram
Pasha’s mosque in Diyarbakir (1973). Similar
also to these two mosques, there are upper galler-
ies reached by staircases built into the walls. The
facades of the galleries consist of double arcades
set on thin columns, which provide a rich, dynam-
ic articulation of the space. (Photo 13) Two small
rooms are inserted into the northeast and north-
west corners of the hall and can be accessed from
the adjacent recesses. According to the deed, these
rooms functioned as storage spaces for rugs, car-
pets, oil lamps, and candles.
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Photo 13. The western upper galley inside the
prayer hall (2008)

The projecting apse on the southern wall of the
hall houses the mihrab niche on its southern end
and four windows on the other sides. (Photo 14)

Photo 14. A general view of the southern apse
from outside (2008)

Five arches, built with polychrome masonry,
on columns at the corners frame the mihrab and
windows. Above each arch, another window is
opened below the thin cornice which defines the
beginning of the covering vault. (Photo 15) The
vault is not precisely a half-dome but is rather a
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quintuple. Although the five-sided apses appeared
in Ottoman architecture in the late 15th century,
this feature was rarely used in Istanbul. One of the
few examples is Davud Pasha Mosque (1485). On
the other hand, Watenpaugh (2004, pp. 88-89) has
notified that these apses constituted a building tra-
dition in Diyarbakir even before the Ottoman con-
quest of the city and cited several examples such
as the Ayn1 Minare mosque (1489), Hiisrev Pa-
sha’s mosque-madrasa (1521-28) and Hadim Ali
Pasha’s madrasa (1537-43). Therefore, the apse of
al-Bahramiyya mosque is more likely a regional
influence rather than a central one.

Photo 15. A general view of the southern apse
from inside (2008)

The mihrab, minbar, and sudda are reminiscent
of the Aleppine conventions of such architectural
features. The splendid mihrab is made in yellow
limestone and colored marble and features the gen-
eral characteristics of Ayyubid style. This similarity
is apparent when this mihrab is compared, for ex-
ample, with the one of Madrasa al-Firdaws (1235-
36). The niche consists of a fairly deep concavity
flanked by inset colonnettes with muqarnas capitals
and framed by a heavy continuous molding. The
concavity itself is covered by alternating panels of
light and dark marble. These panels are topped by
small arches that give them the appearance of small
niches. The hood of the niche is covered by elabo-
rate mugqarnas of five levels. The niche is topped by
polychrome interlaced voussoirs. (Photo 16) The
minbar is of yellow limestone and white marble and
it features geometric marble mosaics on its sides.
The sudda, not extant today, took place on the west-
ern side of the prayer hall’s entrance raised on two
columns with mugqarnas capitals.
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Photo 16. The mihrab inside the prayer hall
(2008)

Photo 17. Above: One of the decorative panels
inside the prayer hall
Below: One of the decorative panels that might

be a later replacement
(Meinecke, M. 1971),
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Compared to the other 16th-century Ottoman
mosques in the city, the indoor atmosphere of the
prayer hall is more austere with its walls built in
finely-cut ashlars. The decorative elements are con-
fined to the tympana of the windows which are cov-
ered by panels of under-glazed ceramic tiles. The
tiles are in a typical Iznik palette with their saz-leaf
and arabesque design and the use of red and tur-
quoise. Therefore, the general consensus of schol-
ars is that these tiles are imports from Iznik. There
are also some panels that have a palette of blue,
black, and turquoise which can be a later replace-
ment (Millner, 2015, pp. 181-182). (Photo 17)

3.4 Current Conservation Condition

The central commercial zone of the old city of
Aleppo was among the most affected locations
during the recent armed conflict (2012-2016).
Huge fires erupted in the covered sugs resulting
in the collapse of many roofs and the complete
destruction of some sugs. The urban fabric of the
zone with its narrow and covered alleys encour-
aged street combat, causing all the facades of the
historic buildings damaged by the traces of bul-
lets and random shells. The escalation of the fight
to take control over the Great Umayyad Mosque
and the Citadel resulted in heavy damage to many
monuments in the zone. Every single minaret,
dome, or roof has been affected in one way or
another by bombardments and shelling. The fight
took its toll on the 16th-century Ottoman mosques
discussed in the paper. Al-Khusrawiyya mosque
was completely destroyed in 2014 (UNESCO
and UNITAR, 2018, p. 72), while the dome of al-
Adiliyya mosque collapsed together with a section
of the preceding portico (UNESCO and UNITAR,
2018, p. 76).

The most serious structural damages in al-Bah-
ramiyya mosque can be observed in the prayer
hall and its preceding portico. The dome of the
prayer hall together with some vaults is partially
destroyed and there is a risk of their full collapse.
(Photo 18) A similar condition is observable in
two of the domes covering the preceding portico.
(Photo 19) Holes of varied sizes can be seen in
several points in the walls of the prayer hall, the
walls of the courtyard, and the shaft of the mina-
ret, together with the displacement of stone blocks,
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which can increase the threat of structural disinte-
gration of the masonry. (Photo 20)

Photo 18. The structural damages in the prayer
hall (2021)

Photo 19. One of the partially destroyed domes
in the prayer hall s portico (2021)

The stone surfaces are affected at varying lev-
els by bullets and shells. Unfortunately, this in-
cludes some carved details of the prayer hall’s
portal. However, the distinctive architectural ele-
ments inside the hall — the mihrab, and the minbar,
together with the decorative elements are almost
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intact. Except for some urgent interventions in that
took place in 2017 to consolidate one of the por-
tico’s piers, no restoration works have been con-
ducted yet and the mosque is still closed.

. =

Photo 20. Varying damages in the walls of the
prayer hall (2021)

4. Conclusion

The architectural importance of al-Bahramiyya
mosque stems from the fact that it was the last ex-
ample of a dynamic interaction among local, re-
gional and central influences that shaped the Otto-
man architecture in the city during the 16th century.
Had the building campaign in Aleppo flourished at
the same pace in the following century, this interac-
tion would have produced more examples of distin-
guished provincial Ottoman architecture.

The analysis of the mosque shows the deep
regional and local influences that go beyond the
conventions of decor or building techniques to in-
clude new architectural elements applied for the
first time in the city. This was clear from the usage
of the unusual five-sided apse and the two large
side iwans, features that researchers have argued
originated locally and regionally rather than at
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the center. In decorative terms, the mosque ex-
hibits a further step in the Ottoman appropriation
of the city’s architectural repertoire. In the earlier
mosques of al-Khusrawiyya and al-Adiliyya, the
usage of the local decorative elements was limited
to the most recent period, which was the late Mam-
luk. In al-Bahramiyya mosque, however, elements
from the early Mamluk and Ayyubid periods were
used. The design of the portals, windows, and the
mihrab reverted strongly to these local styles.

The numerous similarities such as the recess-
plan and the upper galleries put the mosque with-
in the context of its close local and regional ex-
amples, al-Adiliyya and the patron’s mosque in
Diyarbakir, as they all show the development of
a common typology. This sheds light on the archi-
tectural interactions between the two main centers;
Aleppo and Diyarbakir, and suggests a steady and
rapid transfer of ideas, and perhaps architects in
the region. The role of patronage in this aspect is
evident as two of Aleppo’s main 16th-century pa-
trons, Hiisrev Pasha and Behram Pasha, governed
Diyarbakir and established complexes there. Al-
though further research is needed, Necipoglu has
already cited two examples of regional transfer of
architects and masons. The first was in Sokollu
Mehmet Pasha’s complex in Payas (the 1580s),
where architects and masons from Aleppo had
participated in the construction (Necipoglu, 2010,
p. 360). The second case was when Behram Pasha
himself, wanting to replicate the elegant baths he
had seen in the Arab lands, imported skilled build-
ers and marble cutters from Gaza, his birthplace,
and from Jerusalem. She also suggested that Beh-
ram Pasha may have seen al-Adiliyya Mosque
in Aleppo and asked Sinan to design one like it
in Diyarbakir (Necipoglu, 2010, p. 468). We can
say that later some of the architectural solutions
returned to Aleppo through his mosque, al-Bah-
ramiyya, yet in a more developed way.

With its history and unique architecture, al-
Bahramiyya mosque is among the monuments
that represent the evolution of architectural, ur-
ban, and social practice in Aleppo. Similar to the
other mosques located in the commercial zone, it
was a place where people met and interacted on
a daily basis. Thus, it is an indispensable part of
their collective memory. The recovery process of
Aleppo is facing today major challenges to meet
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the amount and the quality of needed work to re-
store these monuments. There is a hope that al-
Bahramiyya mosque will be carefully restored in
a way that respects its historic layers, enhances its
presentation, and fully brings back the mosque to
its religious and social role in the city.

Endnotes

[1] The trust deed and the Aleppine sources give
Mustafa Pasha’s name as -- Mustafa Basha ibn
‘Abd al-Mu’in. At-Tabbakh (1988, p. 175),
al-Ghazzi (1992, p. 41). More information on
Mustafa Pasha’s life and career can be found
in Blackburn (2009, p. 720).

[2] Formore biographical information on Behram
Pasha see Necipoglu (2010, p. 467), and
Watenpaugh (2004, p. 84). Behram Pasha’s
older brother, Radwan Pasha, was also buried
next to him in 1586, after serving as the
governor of the city for one year.

[3] The deed was composed in Arabic by the
Aleppine legal scholar Taj ad-Din al-Korani.
For the purpose of this article, three copies of
the deed were studied. The copies are identical
in content, however, there are slight differences
in the description of the courtyard and the
prayer hall. The first copy is preserved in
the Ottoman Archives (Basbakanlik Osmanl
Arsivi) in Istanbul. The second copy is a hand-
copied version preserved in the Archives of the
General Directorate of Foundations (Vakiflar
Genel Miidiirliigii Arsivi) in Ankara. The third
one is the summary published in 1926 by al-
Ghazzi (1992, pp. 41-45).

[4] Some dependencies were added to the
foundation in 1890: a coffee house and several
shops to the west of the bath-qaysariyya com-
plex in al-Jdayde neighbourhood, according
to al-Ghazzi (1992, p. 44). In addition to the
properties in Aleppo, the deed also refers to a
number of mills outside of Aleppo, a public
bath, a coffee house, a stable and shops in Cairo
and several orchards near Gaza.

[5] The reconstruction of the minaret was
celebrated with an inscription composed by
the poet Yahya al-Halabi al-Akkad. For the

complete text of the inscription see ‘Uthman
(2010, p. 62).

[6] According to At-Tabbakh, the structure
stood in ruins for about forty years until the
foundation’s administrator sold the lead which
had covered the original dome to raise funds
for a new one.

[7] There are several inscriptions dating the
interventions of the early 20™ century. For the
complete text of the inscriptions inside the
mausoleum see ‘Uthman (2010, pp. 63-64).

[8] The copy of the deed preserved in Istanbul
doesn’t mention any of the porticos
surrounding the courtyard and refers to only
one covered ablution fountain, while the copy
preserved in Ankara describes the northern
and western porticos and refers to two ablution
fountains in the courtyard, one is reserved for
the Hanefis’ and the other for the Shafi’s.
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Frequency Decomposition in Predictive Error
Compensating Wavelet Neural Network
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Abstract

This paper presents an extended study of the
previously proposed Predictive Error Compensa-
tion Neural Network (PECNET) model. Different
frequencies are used as input, in addition with the
use of the Butterworth filter and the model perfor-
mances are compared. The results show that the
PECNET with frequency decomposition and But-
terworth filter applied to input data provides sig-
nificantly more accurate predictions for stock price
prediction problem with respect to previous studies
and conventional machine learning and time series
prediction methods without changing any hyperpa-
rameter or the structure. In addition, the time and
space complexity of the PECNET model is less
than all other compared machine learning methods.

Key Words: predictive error compensated
neural network, Butterworth filter, frequency de-
composition, wavelet transform, stock price fore-
casting

1. Introduction

In the time of global financial changes, forecast-
ing financial time series data is a significant chal-
lenge that even trading robots can hardly predict.
80% of the stock markets nowadays are controlled
by machines, and according to Forbes (Kindig,
2020), robots will replace 200,00 banking busi-
nesses in the next ten years. High-Frequency trad-
ing technologies are a type of algorithmic trading
that uses machine learning algorithms to imple-
ment investment strategies in brief time intervals.
Stock market prediction is essential when making
the proper decision (Fama, 1993). However, evalu-
ating input data and their appropriate frequencies
is critical regarding machine learning problems.
For this purpose, more relevant frequencies have
been determined that can be used to improve the
forecasting performance without causing overfit-
ting problems or increasing the complexity of the
proposed algorithm. On the other hand, stock price

data are disposed to frequent changes that cannot
be derived from the historical trend. Changes are
influenced by real-world factors, such as political,
social, and environmental factors (Novak et al.,
2016). In addition, the noise-to-signal ratio is very
high in such conditions, and it is difficult to analyze
and forecast future data. The use of econometric
models is convenient for describing and evaluating
the relationships between variables using statistical
inference, with some limitations. These limitations
can be seen in the inability to capture the nonlinear
nature of stock prices. In addition, (Abu-Mostafa
and Atiya, 1996) in their study assumed constant
variance while the financial time series are boister-
ous and have time-varying volatility.

Statistical methods such as Autoregressive
Moving Average (ARMA), Autoregressive Inte-
grated Moving Average (ARIMA), and vector au-
toregression have generally achieved reasonable
predictive results based on the results found in the
literature (Box, 2013) and (Reddy, 2019). How-
ever, according to the statistical models, Artificial
Neural Networks (ANN5) are one of the most accu-
rate prediction models (Khashei and Bijari, 2010).
According to (Hornik et al., 1989), ANNs with a
given sufficient amount of data can approximate
any finite and continuous function based on the uni-
versal approximation theorem. The first significant
study of a neural network model to predict stock
price returns were made by (White, 1988), where
he introduced a prediction model based on IBM’s
daily common stock and achieved promising re-
sults. Various hybrid systems using ANN have
been proposed to increase prediction performance,
the Hidden Markov Model (HMM), (Hassan et al.,
2007), exponential smoothing, and ARIMA (Wang
et al.,2012), and ANN with exponentially general-
ized autoregressive conditional heteroscedasticity
model (Hajizadeh ef al., 2012). The two most pop-
ular deep-learning architectures for stock market
forecasting in recent years are the Long Short-Term
Memory (LSTM) model and the Gated Recurrent
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Unit (GRU) model with its hybridization (Shahi et
al., 2020). LSTM models are appropriately struc-
tured to learn temporal patterns and overperform
the conventional recurrent neural networks (RNNGs).
LSTM and GRU deep-learning architectures are
proposed and performances of these two models
are compared for stock market predictions in (Shahi
et al., 2020). In their study, they compared the per-
formance of the LSTM and GRU models under the
same conditions. Also, they showed that the pre-
dicting model could be significantly improved by
including contextual information such as financial
news sentiments and stock market features. Bao
et al. (Bao et al., 2017) used the LSTM for stock
price forecasting using different types of sequential
data. Using the sentiment features, Li ef al. (Li et
al., 2017) have shown that LSTMs surpass bench-
mark models of SVM and improve the accuracy
of next-day opening price predictions. In predic-
tion models, the problem of overfitting and getting
stuck in local optima are additional issues that must
be considered. The problem is due to the limited
amount of data and appropriate model configura-
tion. The financial time series data yearly obtain ap-
proximately 252 data points. However, this is insuf-
ficient for the Deep Neural Networks (DNN) mod-
els compared to the number of model parameters
(Goodfellow et al., 2016). Sufficient data is needed
as the number of model parameters increases as
the number of features used is enlarged. Although
NN models achieve better generalization, they are
prone to overfitting due to their high capacity. Reg-
ularization techniques can prevent overfitting, but
they cannot improve generalization performance.
Hence, data augmentation is a method used in order
to avoid overfitting while improving generaliza-
tion accuracy. However, regarding financial time
series, the data augmentation distorts the original
data. Consequently, in recent times, signal process-
ing techniques have recently been used to transform
data into a format that reveals certain characteris-
tics. The results showed that the extracted features
could achieve more accurate predictions than the
data without feature extraction. In this study, the
proposed studies in (Ustundag and Kulaglic, 2020),
(Kulaglic and Ustundag, 2021), and (Kulaglic and
Ustundag, November 2021) are extended by using
different frequencies as input to the Predictive Error
Compensation Neural Network (PECNET) model.

36

In addition, the use of the Butterworth filter on the
input data is tested, and the model performances
are compared. The rest of this chapter is organized
as follows. Section 2 describes the differences be-
tween the proposed model. The Butterworth filter
is a signal processing technique with a frequency
response as flat as mathematically possible in the
bandwidth. Experimental results with discussion
are given in section 3. Conclusions and proposed
remarks on future work are given in section 4.

2. Predictive Error Compensated Neural
Network Model with Butterworth Filter

The Predictive Error Compensating Neural
Network (PECNET) model presented in this sec-
tion is an extension of the previously proposed
model. The model utilized in this study also con-
sists of four separately trained neural networks, as
demonstrated in Figure 1.

The main discrepancy is manifested in the first
network, wherein place of the average filtering
that was previously applied, the Butterworth filter
(BF) is used. Butterworth filters have the sharp-
est roll-off possible without inducing a peak in
the Bode plot, and because of that, they are called
maximally flat filters (Ellis, 2012). The general
formula for BF depends on the order of the applied
filter. For continuous-time Butterworth filters, the
poles associated with the squares of the frequency
response magnitude are equally distributed in the
angle on the circle in the s-plane, concentric with
the origin and radius equal to the cut-off frequen-
cy. The poles that characterize the system function
are readily obtained when the cutoff frequency
and filter order are specified. Once the poles are
specified, getting the differential equation charac-
terizes the filter is straightforward. The response
of the Butterworth filter is given in Equation (1):

| BG o) = V(AH®/ J©)) o (1)

Where the constant is the 68 400 sample fre-
quency (one day is 68 400 seconds). It is easy to
show that the first derivative of B(j-®)* at @ is
equal to zero (@ =0). For this reason, Butterworth’s
response is maximally flat at o =0.

Later, the current input of each parameter is shift-
ed to the previous values using the unit time delay
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Figure 1 The predictive error compensated neural network model with Butterworth filtering

operator z' as in previous studies. The error pat-
tern obtained in the main network is applied as the
output of the second network, where the difference
between the primary data and the BF filtered data
is used as input. Additional and separately trained
NN with error data patterns of previously trained
network have been used. The final neural network
merges the outputs of the neural networks in a cas-
caded part. The average subtraction normalization
used as a normalization technique due to the prob-
lems in traditional normalization approaches has
been proposed and discussed in (Kulaglic and Us-
tundag, 2021). Normalization of the average sub-
traction allows us to build a normalization method
representing differed volatilities and preserving the
original time series properties inside the input se-
quence. The normalized time series data are prepro-
cessed by discrete wavelet transform (DWT), where
the obtained coefficients are used as input to the
NNs. The decomposed signal y[n] consists of high-
and low-frequency components, as shown in Equa-
tion (2). The input signal is presented with x[n]. The
low- and high-pass filters are represented by h[n]
and g[n], respectively. The Haar wavelet filters have
been used as they significantly reduce distortion
rate during signal decomposition and reconstruc-

tion, and also considerably reducing processing and
computational time (Ustundag and Kulaglic, 2020).

y[n] = yhigh[n-l] T Y -1, 2)

The low-pass outputs recursively pass through
an identical group of filter banks in order to use
different resolutions in each phase. The filtering
process is mathematically expressed using Equa-
tions (3) and (4). Equations (3) and (4) provide an
approximation and detailed signal, respectively.

Ynignln-11 =2 g[K].X[20-K] .o 3)
Yiew [0-11= Z h[K].X[20-K]....oc 4)

The neural network configuration consists of in-
put, hidden, and output layers for predicting n-step-
ahead time series data. Employed networks have the
same network configurations. Regarding different
formulas found in the literature (Goodfellow, 2016),
(Moshiri and Cameron, 2000) and (Patterson, 1996),
the number of neurons in the hidden layers are se-
lected using (Patterson, 1996). The activation func-
tion used for these networks is Rectified Linear Unit
(ReLU). In comparison with sigmoid and hyperbolic
tangent activation functions, the linear activation
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function ReLU notably improves the achievement
of feed-forward networks (Goodfellow, 2016). The
learning rate and momentum of the Stochastic Gra-
dient Descent (SGD) optimization algorithm are
0.05 and 0.75, respectively. In addition to the effect
of different filtering methods, the impact of frequen-
cy decomposition on the presented model has been
investigated. In this regard, high, medium, and low
frequencies have been applied to the financial data
and ways to improve model performance without
compromising model accuracy or causing overfit-
ting have been explored. In order to obtain the spatial
resolution, we also included the additional param-
eters to see the performance of the proposed model.
An additional network with supplementary data is
added to the proposed model. In order not to increase
complexity or cause the overfitting rate by applying
the supplementary data to the same NN, we added
new parameters into the additional network.

3. Model evaluation

The experimental setup uses the stock price data
obtained from the Istanbul Stock exchange, Borsa
Istanbul. For this purpose, data from the banking
sector and the stock exchange index are used, Is
Bank, Garanti Bank, AK Bank, and BIST30 (in-
dex of 30 companies). Data were collected using
web services Investing (investing.com) for daily
closing prices and Matriks (Information Distri-
bution services Matrix) for hourly data. The ex-
perimental results are measured with the root-
mean-square error (RMSE) and root-mean-square
percentage error (RMSPE) (Equations (5) and
(6)). Mathematical formulations are given below,
where Pi is accurate, and Oi is estimated values in
time 1. The number of data samples is given by n.

RMSE = V[ Z(Pi— Oi)* /0] eevererrerene 5)
RMSPE=100/n *Z|(Pi-Oi)/Pi ................ (6)

The RMSPE (Table 1) and RMSE (Table 2) er-
rors for disseminated frequencies are presented.
First, the results for the average filtering used in
the primary network are shown. Secondly, the
results of the improvements done by applying
different frequencies to the PECNET model are
presented. The frequency decomposition is done
using weekly, daily, and hourly data.

Table 1. The RMSPE (%) average filtering results

for PECNET.
W/D AK IS GARANTI BIST30
INN 2420932 1.684884 1929106 1.581213
2NN 1.884708 1.735879 1.673334  1.247089
3NN 1.831507 1.621118 1.658614 1.168715
4NN 1.615228 1.117738  1.634853  0.842569

Table 2. The RMSE (TL) average filtering results

for PECNET.
W/D AK IS GARANTI BIST30
INN 0.131046 0.090225 0.176524  0.247961
2NN 0.09956 0.07617 0.240385  0.191119
3NN 0.098091 0.066546  0.242836  0.170376
4NN 0.089519 0.059838  0.150628  0.130173

The results are presented in Table 3, (RMSPE)
and in Table 4 (RMSE). The improvements in fore-
casting performances can be seen by increasing the
frequencies in the proposed model comparing the
results where only weekly and daily data are used.
Table 3. The RMSPE results for increasing frequ-
ency applied to the PECNET.

W/D/H AK IS GARANTI BIST30
INN 2422607 1.581548 1.925032 1.587106
2NN 1.750624 1.229699 1.679927 1.266596
3NN 1.710756 1.220028 1.662537  0.960022
4NN 1.311037 1.07663 1.556721  0.860772
SNN 1.263475 1.070055 1.219931 0.797137

Table 4. The RMSE results for increasing frequ-
ency applied to the PECNET.

W/D/H AK IS GARANTI BIST30
INN 0.131534 0.08455 0.176067 0.24241
2NN 0.09478 0.065632  0.191322  0.194238
3NN 0.092534 0.065115 0.170537  0.147811
4NN  0.069717 0.057155 0.143131 0.131245
SNN  0.062936 0.057059  0.112433  0.128643

If the frequencies are reduced, and the amount of
information and data used increases, the model per-
formances are significantly reduced (Tables 5 and 6).
Table 5. The RMSPE results for decreasing frequ-
ency applied to the PECNET.

H/D/W AK IS GARANTI BIST30
INN 2962316 2228355 2.779509 2.085103
2NN 1.496557 1.489793  1.578333 0.918139
3NN 1.309792  1.438456  1.502039  0.747594
4NN 1.276866 1.368016  1.313222  0.811673
SNN 1.205566 1.238978 1.30025 0.737473

Improvements in performance results are also
noticed when the Butterworth filter is applied.
First, the appropriate frequencies were selected.

38
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The sampling frequency, since daily data are used
was 1/days (in seconds). One day has 86 400 sec-
onds, so the sampling frequency is 1/86 400. The
cut-off frequency 1/n- days(in seconds) where n is
selected as 4. The lowest error is obtained when
the ninth order of the BF filter is applied.

Table 6. The RMSE results for decreasing frequ-
ency applied to the PECNET.

H/D/W AK IS GARANTI BIST30
INN  0.163362 0.121518 0.25242 0.333386
2NN  0.082705 0.080917 0.245359  0.246327
3NN 0.07862 0.077063  0.239065 0.216419
4NN 0.083928 0.074037 0.221789  0.19813

SNN_ 0.080243 0.067509  0.210701  0.181385

Table 7. The RMSPE results for when the

Butterworth filter is applied to the input signal.

D AK IS GARANTI BIST30
INN 3.716282 2.55976 3.189103 2.760657
2NN 2.607084 2.077328 2.519306 2.009513
3NN 1.541605 1.02821 1.576386 0.91528
4NN 1.520222 0.998691 1.57281 0.774124
Table 8. The RMSE results for when the

Butterworth filter is applied to the input signal.

D AK IS GARANTI BIST30
INN 0.202757 0.137869  0.286422  0.436493
2NN 0.144097 0.113562  0.229782  0.318334
3NN 0.078491 0.05527 0.146178  0.200641
4NN 0.072492 0.053673  0.143009  0.140798

The results indicated that applying BF filter to
the input data set can further improve the model
performances (Table 7 and Table 8).

Table 9. The correlation between Far-eastern
stock indices to the BIST30 index.

N225 HIS ASX BIST30
N225 1
HIS 0.525851 1
ASX 0.779896 0.404533 1
BIST30 0.861042 0.652458 0.718566 1

Last but not least, the spatial dimension is in-
cluded in the proposed model. The spatial dimen-
sion is obtained using the different indices from
stock exchanges that close before the stock market
in Turkey. For this purpose, a parameter that con-
tains information from Far Eastern stock market
indices has been constructed. This idea is based on
the correlation between Far East market indices and
the Istanbul stock market index (BIST30). Only a
few Far Eastern indices are used at this stage, such
as the Nikkei index (N225), the Tokyo Stock Ex-
change index, Hang Seng Index (HSI), the stock
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market index in Hong Kong, and the Australian Se-
curities Exchange index (AXS), and its correlation
with the BIST30 index is given in Table 9. The new
parameter is constructed from the average normal-
ized values of Far Eastern indices. The construct-
ed parameter is used as an input to the proposed
model. Performance improvement is noticed by ap-
plying new parameters (Table 10 and Table 11) and
together with BF filtering (Table 12 and Table 13).
Table 10. The RMSPE results when the Far-ea-
stern index is used.

Far-eastern index AK IS GARANTI  BIST30
INN 2.523778 1.563303 1.743394 1.535997
2NN 2.102215 1.272339 1935211  1.089865
3NN 2.024797 1.271858 1.88175 1.265789
4NN 1.577906 1.101763 1.699738 0.993911
SNN 1.369125 1.088723 1.361959 0.802536

Table 11. The RMSE results when the Far-eastern
index is used.

Far-eastern index AK IS GARANTI BIST30
INN 0.139754 0.084788 0.161343  0.252468
2NN 0.097526 0.067915 0.181596 0.155434
3NN 0.102322 0.072752 0.195592 0.16116
4NN 0.070979 0.058526 0.163982 0.158479
SNN 0.069592 0.054038 0.155418 0.147533

Table 12. The RMSPE results when the Far-ea-
stern index is used with the Butterworth filter.

Far-eastern index+BW AK IS GARANTI  BIST30
INN 3.556565 2.436843 3.092161 2.686676
2NN 2.68649 2299159 2397482 2.276949
3NN 2.599607 2.501083 2.322024 2.262921
4NN 1.362777  0.83993 2.16978 0.900213
SNN 1.281084 0.71907 1.359017 0.762704

Table 13. The RMSE results when the Far-eastern
index is used with the Butterworth filter.

Far-eastern index+BW AK IS GARANTI  BIST30
INN 0.195383 0.131386 0.277857 0.426849
2NN 0.14941 0.125319 0.216807 0.363872
3NN 0.144235 0.135966 0.237084  0.361765
4NN 0.068886 0.044471 0.197342  0.139435
SNN 0.060181 0.038127 0.168986 0.117781

4. Conclusion

This work introduces an improved PECNET
machine learning algorithm that yields reliable and
improved prediction performance for the closing
stock price prediction model. The model has been
enhanced by including the Butterworth filter in the
proposed model. In addition, the spatial dimension
has been included in the proposed model by con-
structing additional parameters. The constructed
parameter contains the average normalized values
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of selected Far Eastern indices. Performance im-
provement of the proposed PECNET model is no-
ticed by applying different filtering methods as well
as including the additional parameters to the model.
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