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ABSTRACT

SPATIAL DECISION SUPPORT SYSTEM FOR ARCHAEOLOGICAL APPLICATIONS: A CASE
STUDY FOR KAUNOS ARCHAEOLOGICAL SITE

BAY B AGizem
M. Sc., Department of Geodetics and Geographic Information Technologies
Superv s or : Prof . Dr . H. kebnem D} ZG| N
Co-Supervie r : Do- . Dr. Zeynep ¢izmeli ¥J!N

February 2013,42 pages

Geographically located materials are used by the archaeology to analyze and explain-thdtacaio

aspects of ancient life. Thus, Geographical Information Sys{&t5) have started to be used in
archaeology for many applications. Although, cooperation of GIS and archaeology is considered as
beneficial, it has become insufficient to meet the requirements of archaeologists about excavation
study. Therefore, the ainf this thesis is to develop Spatial Decision Support System (SDSS) which
includes both the GIS tools and analyses and; analytical modeling capabilities in order to satisfy the
needs of archaeologists. Moreover, to develop a specialized system for spadifi@ological
excavation site is aimed. In this study, Kaunos is selected as a case study area and in order to furnish
this aim, firstly, needs of archaeologists working in the excavation study of Kaunos are analyzed.
Secondly, GIS tools and dgses aredetermined which meehe requirements of archaeologists.
Finally, SDSS for Kaunos Archaeological Excavation Site is developed. It is composed of four
components namely; Database Management, Model Management, Dialog Management and
Stakeholder Componentgnalyses are conducted under the Model Management Component and
results are visualized in Dialog Management Component. Result maps help and assist archaeologists
in terms of interpreting and examining the secidtural, economical and demographical
charateristics of Kaunos.

Keywords: GIS, SDSS, Archaeological ExcavatiBrcavation Management, archaeological database

management systems
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CHAPTER 1

INTRODUCTION

1.1 Introduction

As nearly all disciplines,rahaeologydeals withtheinterpretation ofjeographicly located materials
(Wheatley andsi | | i ngs, 2002) . Archaeol ogistsd aim is
past human i fe by using these geographi cal
Information System (GIS) becomesuseful toolfor archaeologists. Usage of GIS archaeology

dates back almost twdecade (Kvamme, 1995). Itsisage in this discipline is developing day by day

and itis started tdbe utilized in archaeology for complex analyses rather than just creating database
(D¢ndar, 2009) .

For archaeologistdhe best way of performing analyses is using recovered and recorded information
in dynamic and flexible environment. GIS ame ofthe most appropriateools for archaeological
analyses. Itallows the management of vast quantities of collected data andlesnaisual
representation. Some basic exploratory and statistical investigations can be performed. Moreover, it
facilitates the incorporation of all types of information such as archaeological artifacts, environmental
factors, modern ctural boundarieste. (Wheatley andsillings, 2002).

It is inferred from the literature that GIS is utilized for many reasons in archaeological analyses,
generally for aehoc problems. Wheatley and QGiltis (2002) categorize the aim of GIS usage
archaeology into two grqgus which are Research and Management (Figure 1.1). Reswarche
divided into two classes which are Regional Research andditdr&tudies. Predictive modeling,
catchment analysis, viewshed analysis and exploratory data analysis are common appliirations
regional analysis in archaeological GIS. On the other hand;si&astudies are directhelated to
excavation recording especially in 3D. Managemdéim¢ second common application of GIS in
archaeology, consists of two salasses which are Data®m Management (DBM) and Cultural
Resource Management (CRM). DBM is relatedstorage, maintenance and analysis of data both at
regional and site base level. For this stage, GIS is used for integratingat@i data with spatial
information CRM is relaed to management and protection of the archaeological resource and
involves developmentlanning and predictive modelin@Vvheatley and Gillings, 2002; Ebert, 2004)

fal)



ARCHAEOLOGICAL GIS

Regional Scale
Anayses
1 Excavation recording

1 Predictive modelling (especially in 3D)

1 Viewshed analyses q  Spatial dataandysis
1 Exploratory data analyses

Figure 11 Current applicationsf GIS within archaeologfadapted from Wheatley and Gillings,
2002)

GIS is alsaused for predictive modeling. Warren (1990) determines predictive modeling as a tool for
forecasting unknown places from known patterns or relationships. Dtiee tequiremat of vast
amount of data from known locations, predictive models can be established in GIS properly.

Brandt et al (1992) develop a model in order to find archaeologically sensitive aredizein
Netherland for Regge Valley Region. Similarly, Kuiper and Wescott (1999) utilize GIS to predict
potential prehistoric site location in Upper Chesapeake Bay Region, Anfériedy, Warren (1990)
developeda predictive model for the Western Shawnee National FaréiseiSuthern Illinois. They

all benefit from GIS for the same purpose which is digitizing and organizing the environmental data
Afterwards,theyemploystatistical properties tobtainthe result.

For regional scale, another most common usage of Gl&rinc haeol ogy i s vVviewshed anece
viewshed is simply the calculation of multiple lines of sight in a-@&@ree circle from a single
|l ocation, specifying all the areas that are visible

derived fromDEM (Digital Elevation Model)and resukint map indicatesvisible andnon-visible
locations froma given location.A further stepfrom viewshe is cumulative viewshed analgsilt
represents the sum of indivigiwiewshed

In the literature viewshednd cumulative viewshed analysaireemployedfor several reasons. For
example, dnes (2006) use viewshed anadyw define whether there is a reason behind the choice of
settlement location of Onondaga Iroquois sites. On the other hand, Wheatley, (1995 among

the first researcher working on the cumulative viewshed anadyssnineghe spatial organization of
long barrows in Avebury and Stonehenge arehénBritish Isle. Likewise, Lake et 4[1998) perform
cumulative viewshed analysis by usi®JS in order to determine the distribution of a series of
Mesolithic sites on the Isle of Islay in the Inner Hebrides.

Last component of the regional scale analyses is Exploratory Data Analysis (E@#aje 1.1)
Behrens (1997) state that EDA is comprehensive statistical properties that provide conceptual and
computational tools for discovering patternsstgpport hypothesis developmetitdoes not contain
hypothesis testing but involves multiple mathematicatlefm in order to explore dat&raphical
illustration is important aspect for ED@Villiams et al., 199Q) Althoughit is grouped in regional

scale aalysis by Wheatley and Gillind2002), it is also useid intra-siteanalysis.

Studiesof Williams etal. (1990) andKvamme (1996)re the examples of EDAWilliams et al.
(1990) try to understand the pattern of site occurrence in the area of Fort Hood Military Area in
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Texas.Likewise, Kvamme (1996) examines the debitage distribution of an archaeologgzalira
western Colorado and investigates the patterns.

EDA does not contain hypothesis testittierefore pattern classification and modeling issues of the

analysis remain incomplete. Hence, in order to prevent this deficiency, spatial data analgsksostart

be used in archaeology. It contains EDA properties which are visualization and exploration; besides,

the hypothesis can be tested with constructed models. Spatial Data Analysiflized for

archeological investigations of ancient settlempatterns (e.g., in Whitley and Clark, 1985, and

Kvamme, 1990)Mor eover , Kéerojlu (2003) performs spatial
examine the ancient pottery workshops in Dat-a p

Another component of research iigra-site analysegFigure 1.1) The abtitle of the site base
analyses is excavation recording, especially in 3D environment. Nearly all of the excavation recording
implementations includelatabasemanagement. Because archaeological spatial data has a lot of
textual information which is very important for the identification of fimg)s, data recording and
management arearried outduring the excavation recording process. In other words, thaesgict
distincion between excavation recording and databas@nagement. Thus, examples for the
excavation recording and database managemetitegsame in the literature.

Katsianis et al. (2008) use GIS for documenting the excavation in 3D whmtrformed for the

prehistoric site of Paliembela Kolindros, Greetevy and Smith (2007) utilize GIS in order to

combine data which they collect during the excavation in Eldom Lowlands Archaeological Site in
Jordan. Hugget (2000) recarihdividu a | arti fact s inilérly SBigwalbehad. §1996)a st | e .
documentarchaeological features ih&pton Mallet within GIS. Csaki et a(1995) perform intresite
documentation and analysis in two fields in Hungary by using GIS.

The £cond component of the management is Cultural Resource Management (CRM). Tantillo (2007)
declares that GIS ia very useful tool in cultural heritage management. Because documentation and
monitoring are the key factors inRBM, GIS is appropriate with iteapabilities for the preservation.
Wide range of information, from macro to micro scaleollected andstored inrelational database

with spatial information. Moreover, this information can be monitored by GIS. Thus, it beeomes
crucial tool for preserwig the archaeological heritage.

There are many studies in this field wiihave been represented at The International Committee for
Documentation of Cultural Heritage (CIPSymposium since 1999he nain aim for the usage of

GIS isto document ando manaye the data in order to preserve archaeological heritage (Ardissone
and Rinaudo, 2005; Costa et al., 2005; lentile et al.,2005; Hadjimitsis and Themistokleous, 2007;
Katerina et al., 2009). Another trend is creating 3D model of ancient site and publshEB in

order to increase the awareneskted to the sit¢Charkiolakis et al., 2007Shibazaki et al., 2009
Keme- et). al., 2010

Although sitebased scale analysis is rare in the application, regional scale analyses are very common
in archaeology Management also has many implementation examples in the literature. Database
management is the first and most common redsoiG|S usagein archaeology. Cultural resource
managers utilize database manageneapabilities of GIS as well.

1.2 Objective and Scope of the Thesis

Archaeology examireand interpret the cultures, social orders and politigabperties of ancient
civilizations by using theextantmaterials Since these materials are geographically located, they tend
to interpret human behaviand material culture in a geographic contéidwever, this interpretation
could not be realized properly by the lackaofalysis As mentioned above, with recent technological
developments in archaeology, GIS has started to be utilized for spatial an@lgsieral trend in its
use in archaeology is to analyze one ofpgheblemsof archaeological siteJhis is insufficient since
archaeologisthavea lot of questions about site in order to understtirebastlife of humans (Eren,
2011; Ebert, 2004).

Although, GIS is seen as a crucial tool in archaeology, analytical capabilities of this system in support
of archaeological analyses are insufficient. Heregrder to answer their questionsot only the
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system which can perform the whole requispdtal analyses but also thgpatial Decision Support
System(SDSS containingstatistical modeling techniques are needed.

Themainaim of this thesis is to propose a conceptual SDSS for Archaeol&gicalation which can
answer thespatial decision problems of archaeologist by spatial analyses and spatial statistical
models. Moreoverthe implementationof SDSS for an example archaeological staimed In this

study, Kaunos ighosenas a case sty area. Firstly, spatialecisionproblems of archaeolods
concerning Kaunogre analyzedThese questions which arested below are sitbased scal@and
regional scaleSecondly, specific decision analyses are performed to assist the archaeologists while
making decisiorabout Kaunos.

1. Is there any specific type of glass findSitebased scale)

2.  Which type of glass finds exist in the B&t{Site-based scale)

3. How do coins and glasses distribute with respect to time and spatial location in the site?
(Site-based scale)

4. s there any cleaelationship between coins and other remains in the re¢®ite?based

scale)

Is there any clear relationship between coins and the type of lan{Bited?ased scale)

Is the coin distribution affected by the glass distribution in the red®Bit®based scale)

Is there any clear difference between coin finds in terms of periods? If exist, which locations

are related with the coin finds in the most significant per{&ite-based scale)

8. Whatare the factors that affect site selection of Kaunians?

Now



CHAPTER 2

BACKGROUND ON SPATIAL DECISION SUPPORT SYSTEMS

2.1Introduction

Spatial Decision Support System (SDSS) is a new field developed on the b&ogdphical
Information System@lS) and Decision Support System (DSB).recent yearsdecision makerare
increasinglyfacing complex spatial problemsn order to solve these problenteey started to use
GIS. However, GISs not enouf for solving spatial problems because they dohaste analytical
modeling capabilitiesOn the other handecision Support SystenD§S determineghe need for a
combinationof databasdnterface and model components in order to sal@pecific problemThus,
for dealing with spatial problemSDSSwhichis a combination o61S andDSS,are developd

Densham (1990definesthe SDSSas a complete systemhieh eases the decisigorocess for

complex spatial problemdde also asserts thanalytical models, graphical display and tabular

reporting capabilities and, expert knowledge of decision makers are combined with database
management systerhy SDSSYan et al . (1999) declare that ASDS
basisof GISandei si on Support System (DSS)o (p.1).

According to Geoffrion (1983)DSS has six characteristics which are listedable 2.1and SDSS
canbe defined by usinthem(Table 2.). However, Denshartl990)says that because of the spatial
characteristics ofSDSS they have some additional capabilities lilstorage of spatial data,
representation of complex spat@dta advanced analytical techniques and visualization of the results
in a variety of spatial form@&rable 2.).

Table 21 Characteristics of DSS and SD@%nsham, 1990)

Characteristics of DSS Additional capabilities of SDSS

1. DSS is designed to swk ill-structured 1. SDSS provide mechanisms for the input ¢
problems. Ilstructured problems can & spatial data.
defined as objectives afdecision maker anc 2. They allowtherepresentation of the comple
the problem cannot Hally defined. spatial relations andstructures that ar

2. They have a user interface that is easy to u common in spatial data.

3. Such systems enable the user to comt 3. They also include analytical techniques tl
analytical models and data in a flexib are unique to both spatial and geograph
manner. analysis (including statistics).

4. They help the user explore the solution sp. 4. They provide output in a variety of spati
(the options available) by using the models forms including maps and other, mao
the systemto generate a series of feasik specializd, types.
alternatives.

5. They support a variety of decisionaking
styles and are easily adapted to provide r
capabilities as the needs of the user evolve

6. Such systems allow problem solving to
both interactive and recursivea process in
which decision making proceeds by multig
paths, perhaps involving different route
rather than a single linear path.




GIS is mainly used for capturing, storing, retrieving, analyzamg displayng the spatial data.
Although GISs are notSDSS, theyare main tools of SDSSSDSS is complete mechanism which
includes database management system, analytical and statistical modeling techniques and graphical
interface.Database of the system integrates a variety of spatial@mgpatial data and facilitateélse

use of analytical and statistical modeling techniques.dBsghegraphical interface shows the results

of analyses to the decision makers. These capabilities of SDSS distiitgin@n GIS (Densham,

1990; Yan et al., 1999).

Sugumaran and Degroote (2011) declare SRS ha evolved from DSS and GIS. Combined
components of GIS and DSS are illustratedFigure 2.1 A database, a model base and a user
interface are three main primary components of DSS. On the other hanid, ¢df8posed of thee
major components: a databaseyser interfaceand spatial data creation, analysis, and presentation
capabilities(Sugumaran anbegroote, 2011)
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Soatial Data
Analysisand
Display

User Interface
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Figure 21 Traditional DSS and GIS componefi&igumaran anbegroote, 2011)

The database component @SS deals with norspatial data dtection, retrieval, managemeand
analysis.Becausadatabase componedeals with norspatial data,tidoes not support cartographic
representatiognwhich is essential to spatial decision makin@n the other hand, spatial and non
spatial data collection, storage, management, and cartographic display functicaraifiemished by
GIS. Besides, database comporgenf both systems provide necessary informatio the other
componend (SugumaramndDegroote, 2011).

The model base componeassistsdecision makergo accessthe variety of modelseasing their
decision making proces$&tatistical, process based, mathematical, and 1tritéiria evaluation are
some of the examples of modelsaditional DSJs built to use varias specific modeling techniques.
Although GIS containssomespatial analytical functionst does not contaimny specific analytical
modeling capabilitiesgugumaran anBegroote, 201;1Denshan1991).

The user interface component in both GIS and BSSethe interaction betweethe user andthe
computer system. This component is importagtause interfaceshich are not usefriendly can
negativelyaffect users. Thushe usability of the systeiis als essentiafor this componenin order
to satisfy user needSugumaran anBegroote, 2011).



As depictedin Figure 2.1 GIS lacks the ecessary modeling capabilities. On the other h&gis
doesnot support spatial data analysis and cartographic difjteryionalities SDSS has developed in
order toutilize the component®f both DSS and GIS (Sugumaran d»efroote, 2011).

2.2Components of SDSS

At the most basic leveEDSS has three main components which are database, pasgednd user
interface.ln the literaturehe number andhe exact description dBDSScomponentvary. However,
Densham (1991) mentions four cmponents:database management, model base management,
graphical and tabular regagenerators and user interfaBside these components, Sugumaran and
Degroote (2011 add twomore componentsvhich are stakeholderand knowledge management
componentThey, as wel| grouped graphical and tabular report generators and user interface as dialog
management component.

According to Densham (199Database MnagementSystem (DBMS)is the first and the most
important component of SDSShe DBMS must be able to store and manipulate locational,
topological and thematic data types in order to support cartographic dispiatyal query and
analytical modelingThe examples for the spatial datarecoordinates, qints, lines polygons spatial
relations between them are topological data. Finally, thematicadas#gnificant attribute data’hey
areprepared with usingheattributes of the data arabnvertraw data to meaningful dat&he users
can construct and exploit complex relations between all three types of data with. DBMS

Decision-maker

ggc:{l?;?e& alternative
; I
alternatives selected
»
e R i
|| database i modelbase |
.. .Jmanagement management}
.| system i system |

User
interface

raport
generator

| display
| generator

ey
R

Figure 22 A proposed architecture of a SDE3nsham, 1991)

The £cond component imodel base management system (MBM&jch helps to manage, execute,

and integrate different models (Chakhar and MageD4). SDSS needs analytical capabilities

order to investigat¢he relationships of features in spatial data through various analytical methods.
Although GIS has some capabilities for spatial data analyses, it does not provide spatially explicit
modeling necessary for complex spatial decision making. Tauspecific mode management
component is needed in order to produce new information relevadeéisionmaking processin

order to generatéhe model management component of SDS8yetbpers utilizemany spatial
modeling techniquesMathematical models, statistical des, simulation models, prediction models
spatiotemporamodels, land suitability models and dynamic modeks some of theniSugumaran
andDegroote, 2011).



The tird componat of SDSS is dialog management which consists of user interface and graphical
and tabular report generator. In SD@Syser interfaceshould be easy to use in order to support
effectivedecision makingDecision makers want to receive information botleipular and graphical
forms. Graphical and tabular report genemfmoduce specialized graphics relatedtite domain.
Because there are two different subjects, the user interface of SDSS needs to contgpedved
spaces which are objective space amap spaceObjective space shows the paramettables and
graphicsrelated toanalytical modelOn the other handnap space is a cartographic representation of

a study area and the output of the md¢@=insham, 1991).

InSugumar an and 1l)lasgificationthe feuéth coOnPpOnénis stakeholdersvhich are
expers, developes, decision maker and analy® In this study expers and decision maksrare
explained becausthey playcritical role in the development of SDSS. The exgehavedetailed
knowledge about the spatial problems ath@y helpto define spatial decision problenmDecision
makers who are directlyrelated toexperts provide meaningful interpretation and useful information
from theresults of the modeling.

Lastcomponent is knowledge management and it is an optional component of SDSS. Its purpose is to
help users while finding a solution to a specific problem. Moreover, it eases the selection of analytical
models.

Malczewski (1997) summarizes the main componeh8DSS and its functions which are explained

in details as given in Table 2.2. Database management, model base management and dialog
management are the key components of SDSS. Stakeholder and knowledge management component
are rarely used in SDSS applicats.



Table 22 Components of SDSS (Malczewski, 1997)

Components

Functions

Types of Data

Logical Data Views

Management of Internal and
External Databases

-acquisition
-storage
Il\DAatgbas?naﬂs -locational -relational DBMS -retrieval
anageme -tonological -hierarchical DBMS -manipulation
-at?ribu?es -network DBMS -directory
-objectoriented DBMS| -queries
-integration
. Statistics and Modeling decision makers
Analysis :
forecasting preference
-hierarchical structure of
Model Base -exploratory spatial goals,
Management -goal seeking data analysis evaluation criteria,
-optimization -confirmatory spatial objectives and attributes
-simulation data analysis -pairwise comparison
-geostatistics -multi attribute value/utility
-consensus modeling
User Eriendliness Variety of Dialog G.raphlcal and Tabular
Styles Display
-consistent, naturg . T i
_ language —commandines -visualization |n'the deC|_S|o
Dialog comments -pull-down menus shace (highresolution
Management Pt cartographic displays)
-help and errolf -dialogue boxes . e i
A -visualization in the decisio
messages -graphical usel

-novice and exper
mode

interfaces

outcome space (e.g. two a
threedimensional scatter plot
and graphs, tabulaapports)

2.3Technologies for Constructing SDSS

In order to build SDSS, various technologies, techniques and toalscaiieed There are many kinds

of computer programs that can be used for the requirements of SDSS components. Fataspatial
collection, management, analyses and visualization, GIS programs are very useful. There is a lot of
opensource and eamercial GIS software (Table 3.3Vost of them have visualization capabilities

like cartographicdnctionality, report generatoemd chart creation utilitieprocesgSugumaran and
Degroote, 2011).

In order to manage large amount of spatial and nonspatial data, relational database management
software is necessary in SDSS applicatibhereare lots of commercial andpen source sbiare

(Table 2.3. PostGIS (works with PostgreSQL) and ArcSDE (works with multiple relational database
management systems such as Oracle and SQL Sareeyo examples order to handl¢he spatial

data in elational databases (Sugumaran Bedroote, 2011).

For model base management component of SDSS, there exist a large number of modeling programs
which canhandle spatial data(Table 2.3. For examplethese areCrime Stat, Fragstats and R
(Sugumaran anBegroote, 2011).



As mentioned in theSDSS components, knowledge components are sometimes built in SDSS.
However, there are varieties of software that provide some automateiihenied (Table 23
(Sugumaran anBegroote, 2011).

Table 23 Softwatre for buildingSDSS (Sugumaran amxegroote, 2011)

Distribution

Model Name

Software Category

ArcGIS

Commercial TransCAD
Spatial data collection, management, Maplinfo

analysis, and visualization IDRISI
GeoMedia
ERDAS Imagine
Manifold
Smallworld

Free GRASS

UDig

SAMT

ILWIS -Open SPRING
Quantum GIS

SAGA

Spatial Query Server
Oracle Spatial  IBM
DB2

SQL Server 2008

Commercial
Data Management System

Free PostGIS_
H2Spatial
SpatialLite
MySQL Spatial

ial S-Plus
Commercia SPSS

Modeling Relate®oftware MATLAB

SME
openMOdeller
R
FRAGSTATS

Free

Commercial

Knowledge Component Jess
NetWeaver
Criterium DecisionPlus
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2.40verview of SDSSApplications

In the literature SDSS is typically used for transportation design, emergency/hazard management,
environmental ranagement and land use plannifrgr example, Aampatzis et al. (2004) develop

GIS based decision support system for the analysis and evaluatigreoérnti trasport policies. For
various transportation alternatives, mathematical models are required in order to perform transport
network analysis and estimate the impacts of transportation on environmental and energy indicators.
For these computational tasks, effee database management and frequently updated database are
needed. Thus, they utilize Gl8ue toits capabilities of spatial data storage, updating, model
accessibility and cartographic displafymodel result. They develapdecision support to@ccording

to the stacture illustrated in Figure 2.

SPATIAL INFORMATION

N SYSTEM /
GEO<:> Central TRANSPORT
DATABASE

Logica Database Schema

vl il 1l

Geo-data Geo-data

Update Update KB Data
. . Interface
interface interface

4 I N

E/’E'nf‘;g;‘s Traffic | | Predifined| |Knowledge
Moddls Models Queries Base

i I

User

:> Datafiows

—— User interaction
— Cdls

Figure 23 Architecture of decision support syst¢Arampatzis et al., 2004)

Maplnfo is used for the centr@lIS as an intermediate storage space for each scenario paraameters
alsofor the user interfae The tool contains three componeriike first componeris the database;

the second one is a number of mathematical models &ctessignment as well as famession and
energy consumption estimation and the third one is the presentation of model results through
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appropriate thematic maps, ygures and di2#&gr ams.
transportation managers can see different stenand assess different alternatives in order to

enhance the efficiency of transportation supply.

T Mapinfo Professional - | Existing] H= E3
Ei % sgenenl  Scanaio Ansbuis  Scenaios Covpadizon =181

(= Scenwio M
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Figure 24 SDSS tool to enhance the efficiency of transportation su@plmpatzis et al., 2004)

Arentzeand Timmermans (2000) devel@DSS for the retail/service planning. They call this system

Location Planner which is related to both transportation planningogatidn decision. They develop
the system within three modeBhe frst one is the model basehich includes a different kind of
modek in which a wide range of problems can d&®alyzed The £cond one is thatuitive mode
which supports th@nmpact analysis of plans or market developments. TheggmKing, third mode,
supports thenodelbased opinization of the spatial configuration of retail or service networks. In

order to increase the user interaction, they pay attention to the user interfaces. Maps, graphs and table

formats are used for the display and the views are dynamically linked. \Wheuf the parameters is
changedrelated views are automatically updated. They built the architecture of the system as
seen in Figure 2.5
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User interface

l Maps h

l Tables '

Problem solver
- competitive-location models
- central-location models

Model base
- spatial shopping models
- spatial performance indicators

Scenario Manager
- demand
- supply

Inference model

Data base

- Geographic data |
- Image data

- Attribute data
- Distance data

Figure 25 Architecture of Location PlannéArantze andlimmermans, 2000)

As an exampldor SDSS application imazard managemerttisu et al. (2011) can be givefhey
developGIS based decision support system in Taiwan in order to reduce the typhoon damage. The
developedSDSS consisbf the basic geographical database, the tieed monitoing and forecastg

rainfall database, the inundation potential database, and the debris and landslide potential database.
The system integrates these databases to help the emergency managers make eficisiths

Firstly, the system reives the realime rainfalldataand typhoon path forecasting information. Then

the SDSS analyzes the tendency of rainfall and generates the rainfall distribution maps of the latest 1,
3, 6, 12 and 24durto display the overall rainfall situations. Sedbn the systenpredictsthe rainfall
distributionwhich is analyzed by the Statistical Models of the systEnirdly, the systendepictsthe
inundation potential areas and overlaps it with the spatial information layers (major roads, minor
roads, rivers etc.). Finally, all of them are combined and visualized in GIS. Emergency managers
interpret the results and evaluate the damage.

Other inplementations of SDSS are in environmental management. As an example, Elbir et al. (2010)
developed GIS based decision support system in order to improve the air quality in Istanbul. The
urban air quality management system, which they establishesistsmf four parts(Figure 2.§. The

first partis data collectionwhich containsndustrial source specific information. The secqadt is
preparing the emission inventory. Tiérd partis developing a model for predicting urbain quality.

Finally, the bst partis simulation. After the model isreated different scenarios can be simulated.

The develope®DSS assist to determirilee air quality in the study area by providiegsy access to

the software
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Figure 26 SDSS for urban air quality management systgthir et al., 2010)

Another example foEDSS inenvironmental management is the wldahd fire preservation. Guarnieri
and Wybo (1995) develofsDSS which includes relational databasanagement systemmodeling
capabilities andqualitative modeling (Figure 2.7This systenmanagespatial and norspatial data
Data is stored in GIS and usechirodeling progrars
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Figure 27 Architecture of a wildand fire SDSGuarnieri andVybo, 1995)

Hey (1998) develoan SDSS, called SSToolbox for the agricultural applicatiorthis systemthe

main aim isto turn raw sitespecific data into agricultural management infolioratBy this way,

users can be assisted in termavaking better production decisiorSor this aim, heasserts that
managementgata collection and analysis of the spatial and 4spatial data are importafor the

SDSS process. In this systeamce the data is collected and entdrdd the system, the user can get

the answer to the following questiom.Ex act |l y where the most vari abl
located? The user can also set up equations for automatic calculation of fertiler@iteth

applications in the field to remedy any deficiencies found. He/she can quantify the benefits of a
particular management deci si on, such as choice c
By this way users can turn the data into meaningffitrmation so they can make better decision

SDSShas not been developed for archaeology, yet. Archaeology studies human cultures in terms of
spatial context in order to interpret human behavior in a geographical context. For achieving their aim,
archaetngists work with vast bodies of spatial information. GIS is a perfect tool for the storage,
management, retrieval and display of this spatial information but it lacks some advanced analytical
techniques.

Archaeologists try to produce meaningful informaticoncerning human cultures by examining
findings which emerged through the excavations. For instaheg,try to find out that findings are
belongs to which historical periodin which period this historical site or a place in the site was widely
used, why this place is used a lot, why these kind of finds are collected from this place, why this
historical site is located here and so on. In fact, they have some hypothesdabedmqguestions. In
order to test these hypotheses andbatier interpret theesults, modeling is required. Besides, the
results of these models should be \@ewby archaeologists fahe meaningful information to be
produced. Due to the necessitiesathfof these techniques in archaeology, SDSS should leabed

to support archaeological efforts
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CHAPTER 3

METHODOLOGY AND CONCEPTUAL SDSS DEVELOPMENT FOR
ARCHAEOLOGICAL EXCAVATION

3.1 Methodology

In order to develop an SDSS férchaeological Excavation Sjtéirst of all, needs assessment is
performedfor determining and addressing the needs of archaeologists. Secondly, based on these
needsdecision analyses are defined and SDSS is designed.

Needs Assessment

Spatial decision problems of archaeologists, concerning the site are anahade@quirements of
archaeologists can be listed as follows:

Needs 1:

Archaeologists want to be stored vast amount of excavation dataremakbologicaknvironmental
data in spatial contexExcavation data can be the ceramics, bones, coins, sherds, potfiaisess
and tablets. Since spatial location of theseifigsl in the site is importanfesides other attribute
information,they collect the cooidates ofartifact locationsiuring the excavatiortlence they wish
to storeexcavation data with its detailed attribute information and exact locioreover,in order
to interpret the archaeological site in its contélxey would like tostore environmental datdike
hydrography, soil type, vegetation, gegtand topographical information, etc.

Need 2:

Archaeologists, based on the collected datmt to define socigultural, economic and demographic
characteristics dhesite. Hence, they havhe spatial decision problems about site characteristics and
environmental characteristics (Table 3.1). They wish to anfivese question@Q 1, Q2 éwvild )
related analysis.
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Table 31 Spatial decision problems of archaeatg about site with respect to scale

Scale Questions

Q1. How artifacts are distributed with respect to time ¢
spatial location?

Q2. What is the density distribution of any type
artifact in the site?

Q3. What are théunctions of the buildings?

Q4. Whether type of artifacts related with the prospe
of site

Q5. Which factors affect the distribution of artifacts
the site?

Site-basedscalequestions

QL. Is there any relationship between the location of s
andany environmental parameters such as slope, as
elevation, distance to water (Kvamme, 1990)?
Q2. What is the reason of position of monuments if
site has them (Maschner, 1996)?

Regional scalequestions Q3. Did villages move to more defensible locati
considering the two swessive periods such as Early
Late Imperial Period (Maschner, 1996)7?
Q4. From which areas did inhabitants of site derive tt
resources (Tiffany and Abbott, 1982)?

Need 3:

Archaeologists would like to see the results on the maps or with the graphs for interpreting the results.
Besides, they state that these illustrated results are a tool from which they can produce meaningful
information about characteristicstbie site.

After defining the needs of archaeologisiecision analyses and the tools which caretntieese
demands are determined. These a@tedi in Table 3.2.
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Table 32 Tools and decision analysis that meet the needs

Needs of achaeologists Tools and analysis that meet the needs

This requirement of archaeologists can be met withGi&
softwaresince it enables to store, edit, retrieve and anag
the spatial data. Besidegglational database manageme
systemsand related software can be utilized to handle |
Need 1 amount of spatial and nespatial data.

Q1 First two questions can be answered with dpatial queries
In the first question, results should be mapped accordin
periods.

Site-based Q2
scale
questions Q3

Point pattern data analysendmodeling spatial point patter
(testing related hypothesis) help to answer this question.
Q4 In order to analyze these questions, hypothesis testing s
be conducted. Methods ofodeling area dataan be utilized
Q5 to test hypothesis.

Need 2

Q1 This question can beested with specific hypothesibout
environmental pattern.

Regional
scale Q2,Q3 | Performingviewshed analysiselps to analyze these

questions questions.

Q4 Catchment analysese performed to meet this kind of
questions.

In order to visualize the results of analyseartographic
display capabilities of GlScan be used. In addition to tf
Need 3 capabilities of GIS software, effective tables and charts c3
utilized.

3.1.1 Design of SDSS for Archaeological Excavation Based on Needs

According to the requirements of archaeologist, concerning the defined tools and decision analysis to
meet these needs, SDSS for archaeological excavation of the site is proposed (Figure 3.1). It is
composed of four main components; Database Managemenpdbent, Model Management
Component, Dialog Management Component and Stakeholder Component.

The Database Management Component stores both spatial arspati@h information about
archaeological site. According to archaeologist, the main problem tieréoad manage vast amount

of spatial data. In this component, GIS is utilized for the storage of spatial information. Besides, for
the storage of large amount of excavation data, Relational Database Management software is included
into the system.

Unde the Model Management Component, which is based on Database Management Component,
archaeological spatial analyses and spatial data analysis areVieddhed analysis, catchment
analysis and predictive modeling are the archaeological spatial analysthemedare utilized for
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analyzing the environmental characteristics of the 8esides, Model Management Component
manages a set of spatial models which interact with the spatial database. Thus, spatial decision
problems of archaeologist about archaeig@aigsites are analyzed with spatial analyses and spatial
data analyses as well as testing related hypothesis in Model Management Component

The third component iBialog Management Component thgibvides user interaction to the system.
Cartographic and talar display capabilities of GIS are commonly utilized in order to provide results

to the archaeologists. In addition to the capabilities of GIS, to produce effective reports, tables and
charts are utilized.

The kst component of archaeological SDSS akaholder component. As stated in the previous
chapter, categories of stakeholder are decision regkerd user), the analgstthe developer
(builders) and the expest For archaeological SDSS, end users and the experts are archaeologists.
They areexpert since they have detailed knowledge about the archaeological site. Hence, they address
the spatial decision problems of the site. Moreover, according to their feedieddl Management
Component can be improved. On the other hand, they are detialars as they provide meaningful
information about the past life of humans according to the results of spatial analysis and models.
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3.2 The DatabaseManagement Component

It has been emphasized beftihese archaeology needéstorage and retrieval of multiple data types
related to spatial location. Archaeological data consist of regional ardasiéel context. Generally,
environmental dataugh as elevation, slope, hydogy, soil are regional scaldata. This can be
contrasted téhe data whichra collected inside thsite; for example, bones, coins, ceramsatenes,
buildingshave sitebased scaleGIS is utilized tomanagethese large da sets because it can store
data ranging from small scale to large scale in its database. Bebel®@BMS component of SDSS
can store and maniputaspatial and topological data.

A wide variety of the characteristics of vector feature can be recordbeé mtribute tables of GIS.
For example, elevation contains heighgoil contains type, area and so on. In contrast to
environnmental data set, siieaseddata has large amount of nepatial information. Fomstance, a
coin has its foundate, ninted nane, description, founkibcation and inventory number.

The documentation anthe management of anaeological data are essentfal the modeling
component of SDSS. Thus, besidlatabase of GIS, other database management systems should be
used especiagllfor detailed sitebaseddata. These DBMSs, listed before in Table 2.4 are Spatial
Query Server, Oracle Spatial, IBMB2, SQL Server 2008, PostGIS, H2Spatial, Spatialite, and
MySQL Spatial. Comprehensive attributes of $itsed data can be stored using ohéhem by
concerning the steps of database design.

According toRamakrishnan an@ehrke (2003) requirement analysis, conceptual database design and
logical database are the stepsdatatabase design. Requirement analysis is the first step of designing
a databasdror this purposewhat usergxpectfrom the database and what they want to store should
be clarified. Ramakrishnan an@ehrke, 2003)

According to the information gathered in the first stighigh level description of data is developed

in the second stefntity-RelationshipER) Diagram is one of the high level data modsigployedn

the database desigrRé@makrishnan an&Gehrke, 2003)It is a specialized grapta€ methodthat
illustrates therelationshipsamongentities in a datanodel ER diagramuses symbols (Figure 3.2)

which are boxes, diamonds and ovals. Boxes are commonly used to represent entities. Diamonds are
normally used to represent relationships and ovals are used to represent attributes (Chapple, 2012).

customer—name
\

customer—id

loan_number amount

| = /

customer loan

Figure 32 An ER Diagram (Introduction to Database Management System Lecture

Moreover, the keyonstraintsspecifying how many instances of an entity relate to an instance of
another entityare defined on thdiagram.lt can be one to onene to many, many to one and many to
many relations. These types of relations arelagmpd according to Figure 3.2n one to one
relationship a customer is associated with at most one loan via a relationghiphe borrower and

the loan is associatedth at most one customer via the borrower. In onmaoy relationshipsa loan

is associated with at most one customer via a borrower. However, the customer is associated with
several (including 0) loans via the borrower. In many to one relatignaHgan is associated with
several (including 0) customers via a borrower thoagiystomer is associated with at most one loan
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via the borrower. Finally, in many to many relasbip, a customer is associated with several
(possibly 0) loans via a borrower daaloan is associated with several (possibly 0) customers via the
borrower. The final step of database design is logical database design. In this step, a conceptual
database EntitRRelationship (ER) schema is converted into a relational database model
(Ramakrishnan an@ehrke, 2003).

Arelational databases a set of tableenswd6dchRawe anaid edl o &n
relations. They are connected to each other by a common key attribute. A key is a unique identifier of
a row. Figure 3 shows the relational tables of students and the enrolled. Besides, the key columns of
relations are illustrated.

Foreign key Primaﬂykey

cid grade| studid > sid name | login age | gpa
Caenaticl01| C 53831 50000 Dave | dave@cs 19 |33
Raggae203 | B 53832\ \\ 53666 Jones | jones@cs 18 |34
TopologyI12| A | 53650 ‘/\7 53688 Smith | smith@ee | 18 | 3.2
Historyl05 | B 53666 *\\\ 53650 Smith | smith@math | 19 | 3.8

\\\ 53831 Mad | mad@music | 11 | 1.8

Enrolled (Referencing relation) \
Y 53832 Guldu | guldu@music| 12 2.0

StudentgReferenced relation)

Figure 33 Relational tables of stwhts and enrolled (Ramakrishnan &ehrke, 2003)

Relational data model is effective in application of SD$Be major advantages are simple data
representation ansimplifying the complex queries. Theapability of storage of large amount of data
supports analyses and easesahalyticalmodeling. Moreover, it supports the cartographic display
and GIS analyses. Briefly, it is an appropriate data model for SDSS.

3.3 The Model Management Component

As it was mentioned befarenodeling becomes essential for archaeology. Using comprehensive
database of areeology, Model Managemenb@iponent of SDSS can be established. Spatial models
provide analytical capabilitiefor SDSS. Locations, attributes and relationship of features in spatial
data through various overlays and analytical methods can be examined with spatial models
(Sugumaran an®egroote, 2011) GIS provides some analyses and functions but leckslvanced
aralytical capabilities. In archaeology, besides the basic GIS analyses, modeling is requiredr In

to analyze thesite and itspartsand manage the excavations, the development of a specific model
management is needed. ModklanagementComponentcan be put into two categories for
archaeological applications namely; Basic GIS Analyses Function and Spatial Data Analyses (Figure
3.1).

3.3.1 Basic GIS Analyses Function

Both spatial anthon-spatialqueries viewshed analysiandcatchment analyses are basic @ialysis
functions for archaeological applicat®nAlthough there are not hypothedastingand modeling
processes, these analyses ased for analyzing thete and characteristics of past human caltéor
example, vewshed analyses angsed for understanding the location choices or analyzing the
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distribution of archaeologicadites. Meanwhile, catchment analysis helps to understandnieow
landswas used.

3.3.2 Spatial Data Analyses

Spatial data analyses are used when data are spatially locatémtatimhs of the features become
importantin the analysis or terpretation of results (Bailey ar@ghtrell, 1995). As emphasized before,
archaeological data are spatitiierefore spatial data analyses are used for explanations of spatial
arrangement of cultural remains. Using these techniques helps to identify and describe spatial patterns.
However, these explanations do not imply that graphical representation is not needed. On tlye contra
they are basic elements of models and analysis. In brief, spatial data analysis represents much more
detailed informatin to archaeology (Wheatley afEllings, 2002).

Spatial data analyses inchaeology can be carried out for pailstta and area datRoints carbe used

to represent archaeologicsites at regional scale or locationasthaeological finds for localcales.

These points are visualized as a distribution map and they may represent patterns. ldoaiyvang

patterrs with humaneye can cause errors. This,order to make a welissertion, point pattern
analyses should be performed. The following questions can be investigated with this analysis: Does
this set of point locatian exhibit any spatial patteéPnWhat form does thipdtern take? Areheir
locatiors related to each other (Wheatley aaitlings, 2003?

The second type of data archaeology is area data. In this tyfiee site is composed akrial units
with attributessuch as ceramics, coiremyd glasseand so on. If original locations of filmys are not
known, dateof the findng can be recorded as area data. Maps and visual representatiiois kind

of data are made easly usingGIS. However, establishing relationship between areal units aimd the
attributes require area data analy§itheatley and Gillings, 2002; Bailey ahtrell, 1995). It is used

to test hypotheses for following questions: Is there any relationship betwegmdiadd their found
location, dathese finds have pattern whéreir associated areas are considered?

3.3.2.1 General Concepts in Spatial Data Analysis

Spatial data analysisoncern with the interpretation of daitavolves accurate description of data
which is spatially locatedExploration of patterns and relationshipstire dataare performedvith
spatial data analysisSpatial Data Analysihias 3 stepsvisualization exdoration and modeling
(Bailey and Gatrell, 1995

In the visualization processhe dataaremapped Graphical displays of data are appniate tools for
visualization.Exploring spatial patterns and relationships can be done with maps which are created by
usingGIS (Bailey andGatrell, 1995)

Explorationis conducted in order to define data in a better Ways, it helps to develop hypothese
and appropriate models fdahe data. As one step furthefrom visualization process, islightly
manipuldes thespatial data (Bailey an@atrell, 1995).

The fnal step ismodeling. Models arethe mathematical abstraction difie reality. At this stage
hypotheseshased on visualization and exploratiane testedRailey andGatrell, 1995.

The concept of first order and second order effects of a spatebution isalso importantssue for

spatial data analysis. In most of the spatial analykesresult is affected by one of them. First order
effect related to variation in the mean value of the observation. Hence, first order effects reflect the
global trendSecond order effect result from the spatial correlation structure or the spatiaticlepe

in the process. Second order effect reflects the local trends in the dataset (Bailey and Gatrell, 1995
Kérojl)u, 2003

3.3.2.2 Analysis of Point Pattern

Visualization of point pattern analysis performedby usinga dot map.Exploration of spatial point
patternis divided irto two categoriesThe frst one is investigating the first order effect. Quadrat and
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Kernel estimation is used for againg the first order effects. Thesnd one is investigating the
second order effés andNearest Neighbor Distancemdthe K Functiorare used.

In order to tesh hypothesis or construct specific models to explain the observed patenmplete
spatial randomness (CSR) is usexia reference patter€@SR comes from Poisson Process and it says
that one everdoesnot depend on other CSR is rejected it is obvious that there is a pattern in point
data. Thus, CSR is tested footh Quadrat estimation and Nearest Neighbor analyses. According to
the reallt of models, random, clustered or regular patierrpoint data is identified Bailey and
Gatrell, 1995).

3.3.2.3 Analysis of Area Data

There are three methods for visualizing area :dptaportional symba choropleth maps and
cartograms. Proportional symbols are superimposed over theuarsalSymbols are proportiontd
the attribute value of the are@horopleth mapare obtainedby coloringeach of the areaccording to
the value of the attribut&inally, cartograms transform the size of aneaording to its corresponding
attribute valugFigure 34) (Bailey andGatrell, 1995)

The exploration of the area data consists of analyzing the first and second order effects as in point
data.The main ainis to determine the proximity measures of the observations related to irregularly
shaped areas for area data. A generally used aspect for constituting the proximity measure is the use of
(nxn) spatial proximity matrixW. There are many methods to constrwij and some of them are
depicted belowBailey and Gatrell, 1995):
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After producing spatial proximity matrix, the explorations of first order and second order effects are
performed. Spatial Moving Average, Median Polish and Kernel Estimation are thedwndtr
exploring the first order effects. Spatial correlation and correlogram concern with the exploration of
second order properties.

Spatial Moving Average isused forthkex pl or at i on of arearrvalde expleration me a n
of the attributevarying across the study regipiGlobal variation is estimated by predicting the mean

value by an average of values in the neighboring areas. Spatial proriatitix gives weights for
neighboring aread®lean valuesstimate is given in equation (3.1):

(3.1)

where' is the mean value of the attribute of interest cig the attribute value of the areal units.
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Figure 34 Proportional symba{a), choropleth map (b) and cartogram (c)
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The £cond method of exploring the first order effedviedian Polishlt is usedto understand global
trendsin regular grid patters(Bailey andGatrell, 1995)

The fnal method for the first order effect kernel EstimationThe Kernel Estimatioris mostlyused

for avoiding the geometry afones in the study are@hus, it assumes that each observatione is
associated withan appropriate point location. Thigoint can be the centroid of the study zones or
major center of population in that are&ccording to the resudtof Kernel Estimation the visual
indication of variation in the intensity over the region can be under§Baokty andGatrell, 1995)

The frst order effects look for the global variation of data over the study region. Howleeeecond

order effects analyze the local variation of area data. Thasakcorrelation and correlogram explore

the spatial dependence of deviations ftritaute values from their meariThe nmeasures of spatial
autocorrelatiormreMor ands | aMdr Gredaebtseco®@monly used methasdor

exploring the spatial autocorrelation. It uses the proximity matrix W and results of déramges

from -1 to1. An uncorrelated process has an expeceglpr oxi mat el y equal to A0«
of | indicate negative autocorrelation. Positive values indicate positive autocorrelatibhor an 6 s | i
given in equatiorf3.2) (Bailey andGatrell, 1995)

O (3.2)

whereli s t he Mo miasthé sumber afbselvatieniy is the value at location i anddiis
the mean value of attributes aid is thespatial proximity matrix.

The fcond method for exploring the second order effectorsetogram It is related tospatial
autocorrelation whiclis constructed by calculating spatial autocorrelatibulifferent spatial lags and
plotting the correlation values against the lagiatices | n ¢ a s e, spatfal cdfrelatienratdag |
k isgiven in the equation (3.3)

"0 (3.3)

whered  are the elements of the (nxn) spatial proximity matrix at spatial lag®, Results show

that wherethe lags of correlogram are largéne values are highly correlated to each otf@ailey
andGatrell, 1995)

Modeling can beperformedwith both non-spatial regression and spatial regression models: Non
spatial regression models are linear regressiadscan be writteasthefollowing equation (3.4):

y= byt by + 0 (3.4)

wherey is thedependent variablep is theindependent variabldy andb,, are the parameters to be
estimated, andJis a random error term, assumed to be normally distrib(Bailey andGatrell,
1995)
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On the contrary, spatial regression models take into account the autocorrelation structure. There are
three spatial regression models which sireultaneous spatial regression (SAB)nditional spatial
regression (CSR), and moving average (MR)e SAR madel is explainedsince it is used in the
developed SDSBailey andGatrell, 1995)

SAR is used to takeveight matrix for spatial autegression model estimation by Maximum
Likelihood, using full matrix methods. SAR assugiigat the response at each locatiégs a function
not only of the explanatory variableidiut alsoof the values of the response at neighboring locations

].

Equationof SARmodel is given in the equations of (3.5)

Y = Xb + pwy + O
Y = Xb(Y¥ixpw + 0O
Y = Xb it WXWY + U (3.5)

X fAndicatesageneral trend. WXifddicatesaneighboring trend.

There is also a local spatial analysis technique which is called as Geographically Weagdression
(GWR). ltisbasedn t he fiFGe edr aepEmhiog fsrelated toeverything else, but
closer things are more related. Thus, GAfRlyzea spatial variations in relationshigsd produces
different regression coefficient for each af¥a andWei, 2004)The output from GWR is a set of
statistics that can be mapped and tested, depicting the spatial variation of a relatfnashihe
results of GWR, local Rquare, local estimated regression coefficients, and latatistics maps can
be produced(Shoff et al., 2010).

GWR developsthe conventionalegression equation. If global regression model is considered, it is
written as thegiven equation (3.6]Fotheringham et akp02):

w r o - (3.6)

wherew is set of independenariables;f andf ( k = 1, 2rétherparameters to be estimated;
@ is the value at the locationand- is a random error terrat the location iIGWR rearranges this
equation and use local parameters rather than global GN¢R.(uses this traditional equation by
allowing local rather than global parameters which are estimatedce, the modalan be rewritten
as in Equation 3.7.

O T o ol ol - (3.7)

wherew i s set of observation f or oryvafaplésw,isnset ofa s e s
independentvariables; 6 ) denotes the location of coordinates andis random error term
(Fotheringham et al.,2002)

3.4 The Dialog ManagementComponent

A key to any successful archaeological SOS$e development of dialaganagement component.
The outputsof model management component gieddedto the users with this tool. Results can be
illustrated with graphs, tables and cartographic displglys. @pabilities of GIS softwarean handle
the® illustration needsandthe visualization of resultss effective with it. Maps arethe most useful
visualizationtools for archaeologists sindbe advanced spatial statistics resafiabe easilyinferred

from them. However, sometimesone specializedgraphics and tablemay be necessary fothe
sophisticated spatial statigién spatial data analysis. Thus, specialized software to build complex
graphs can be usedbng withGIS.
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In archaeological SDS$he development of aser interface caalsobe beneficial By this way, users
can interactively use the systeBDSS supportingsuchcapabilities providesthe userwith aproblem
solving environment. Howevethe system needs expert knowledge ab@uaphical User Interface
(GUI) tools and programming capabilitiesit is beyond the scope of this study

3.5 The Stakeholder Component

The mostfrequentusers ofarchaeologicalSDSS are archaeologists. They are both experts and
decision makers. They have detailatbrmation about tharchaeologicatites andheyare capable

of producing meaningful informationfrom the output mapLikewise the hypothesesof the
archaeologists can liested sdhatthe archaeologistsan use exact information whitgalyzing the
ancientcultures that lived irthe area or any othanseful aspectabout excavation Moreover,they

find outwhich parameters should lensideredn themodels.By the help otheir feedbaclkabout the
existing modelsthe Model Management Componemproves Thus, archaeologica&xcavationcan

be evaluated in a systematic way by means$SDBSS and the decision making processfor the
archaeologists becomeasier.
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CHAPTER 4

CASE STUDY

4.1 CaseStudy

As a case study area, Kaunos archaeological sitbdsenfor the implementation of the proposed
SDSS.Kaunos is situated on the western coast of the Dalgatbis) River, which connects Lake

K° y @ ¢ojthe Mediterranea8ea In the present day ltes withintheb oundar i e¥illagef <¢andée
which is oppositéo the town of Dalyar{Figure4 1) ( ¥] ¢n et al ., 2002).

12 GeoEye N

opa Technologies

L ' ¢ 4" aGoogle earth

Figure 41 Location of Kaunos

The history of Kaunos dageback to 16 century B.C. The firsarchaeological excavation of the site
wasundeda ken by t he | e aihd966The ecavatibns lBaaekbéen doiitiguing since
the year of 2000General Directoratef Cultural Heritage and Museuins

The cityhastwo harbours from the Archaic Period until the middle of the Hellenistic PeDiod.of
these harbours is dhe southeast, called the Southern Harbour; the other is called the Inner Harbour
(currently Suluklu Lake) (Figure £2). The Southern Harbour was uise from the foundation of the
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city and it could not be used mhstue to silting towards the end of the Hellenistic Perinder
harbour was used till the late days of Kaufogj ¢ n et al ., 2002) .

Inner Harbour
(Suluklu Lake)

Figure 42 Harbours and Acropolis in Kaunos

In the ancient site of Kaunothere are 14 main buildings Acropolis, theater, Palaestra Terrace,
Domed Church, circular building, Temple Terrace, Roman Bath, Sacred Precinct of Apollo, Agora,
Stoa, Fountain Building, Monopteros, Roman Basilica and Lesser Acropolis.

Acropolis which ison the northern side of the heatre is 152 m above the sea Idg#tjure 42). On
the peak of acropolis, there is an of@nsanctuaryCeremones of Basileus Kaunios which were
performed under the open sky wegeried out in this sanctuarf.¥ 7 ¢n et al ., 2002) .

The Theater is located on the westermside of the Acropolis Capacity of the theatre i5S000
spectators. The theat@riented through thesouthwest according to the Anatolian architectural
tradition (Figure 43). Its planis drawn inHellenic tradition andts orchestrahas a horseshoe form
(¥ ¢n et al., 2002).

Palaestra Terraceis a large squarehich is locatedat the centeof a Byzantine church {Bcentury
AD). A lot of ceramics most ofwhich are drinking vesselshows that the church has egisfrom
the late & century BC(Figure 43)( ¥ ¢n et al ., 2002).

32



1. Theatre 6. Sacred Precinct of Apollo
2. Circular Building 7. Stoa
3. Palaetra Terrace and 8. Fountain Building
Domed Church 9. Agora
4. Roman Bath 10. Monopteros
5. Temple Terrace 11. Lesser Acropolis

Figure 43Buildings in Kaunos

Circular Building is located athe upper side of Kaunof~igure 43). It is considerecasthe most
important building which is brought to light. According to Vitruvius, sseetdthe main streets of
the city are justified according thewind by using this platform, wheng€aunos isthe only example
of this systemGeneral Directoratef Cultural Heritage and Museuins

Domed Church was built at the most significantpart of the city,nearly at the centeof Palaestra
Terrace (Figure 8). This church is the best preserved ones in Anattiégs one of the earliest and
thebest preserved examples of this type in Anatgli¥ | ¢ n et al ., 2002).

Temple Terraceis built during the seconldalf of thefirst century BC(Figure 43). It is understood
from the inscription which is on theolumn at the western end of the Courtyéemenos}hat the
temple was dedicated Heus Sotero§¢ ¥J ¢n et al ., 2002).

Roman Bath in Kaunos is one of the best preserved examples which sdrfriem the Roman
Imperial period (Figure .8). Bath building consists of large halls. Two of them are warm halls
(tepidarium) and two of them are exercise hall (ambulacrum). Moreover, cold room (frigidarium) and
sweating room (laconicum) exi6t¥j ¢n et al ., 2002) .

Sacred Precinct of Apollois locagedon thelower side of Kaunodt is thought to be sacred precinct
for the local deityBasileus Kauniossincevotive statue bases and steles are found. fieveas used
from the beginning of the™century BC until the middle of the Roman perigét must have been a
sacred precinct for the local deBsileus Kauniosrom the beginning of the™4century BC until the
middle of the Roman peripdFigure 43).( ¥ ¢n et al ., 2002) .
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Agora is established in the Hellenistic Period. Besitles monumental Fountain and Stode
excavationgeveledthat Agorawasdecorated with many monuments, statues and groups of statues
standing on carved stone bases of various fatmsughoutcenturieqFigure 43) ( ¥ ¢n et al . |,

Stoais lying on the orthernside of Agora andvasbuilt in the beginning ofhethird century BC. It
is one of the most importabtildings of Hellenistic Period in Kaunosince it has not got shops
its back wall, it is a promenade Stgagure 43)( ¥J ¢n et al ., 2002) .

Fountain Building was built in the middle of the¢hird CenturyBC. Kaunians usedhis fountain
blockthrough the centurigs ¥ ] ¢ n et al ., 2002) .

The Monopteroswas built on the flat area in front of the nosrestern side of the lesser acropolis
(Figure 43). It hastwo main sections: The female statigefound during the excavation and it is
thought to be between these colunfigure 44). On the other hand, the lion statue, which stands in
the main square of the town of Koycegiz todénpught to havedcatedon the one of the corners of

this squargFigure 44). This round structure may have served as a funerary monument and can be

dated to thdirst century AD according to evidence of these feat(res] ¢ n et al ., 2002) .
)
/ ,j ™
3%
T %
ELT L e — I V57 R |
Figure 44 Monopteros reconstructidn ¥ ¢ n et al ., 2002)

The second acropolis calldcesser Acropolisis locatedon theeasern side of the Inner Harbour

(Figures 4.2 and4.3). This acropolisvas built on thedominant peak having théew of the both

harbors On the peak of this acropolis, at least two temples and one cluerehbuilt. Lesser

Acropolis hadan important location in the political history and religious life of Kaunos due to
topographicalfeatures and strategic locatiolt. was the site of the wt of the fertility Goddess

Demeter Becausenumerous votive goodwere found at the soutleastern corner of the terrace, it

could be said that this terrace played an important role ir'Thesmophoria /fertility festival" for

the women of Kaunos. The Kaunian women met on this terrace everylyegr performed theult

of iThesmophori® here for three days so the Gedd provided them with fertility ¥ ¢ n et al
2002).

All of these buildings, harbours, statuesich other unearthed objects shothat Kaunoswas a
developedity. It also grantedo the history two important peoplésProtegenesa wall printer, and
Dionysodorusa mathematician. A¢ was mentioned beforethe mother goddess of the biggest and

the most imporént cultivated areas in the Anatolia located in Kaunos as Sacred Precinct of Demeter.
Moreover, Carian languageassolved byfinding a steé written in both Carian and Greek langusge

In the light of this information, it is clear that Kaunos is an imgurCarian city. The excavation has

beentaking placesince the year of 2000. Hence, in order to assist the archaeotbgigitoposed
SDSS is implemented foheexcavation of Kaunos.
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4.2 Design of SDSS for Kaunos Archaeological Excavation

In order to develop an SDSS for Kaunos archaeological excavation, firstly, needs of archaeologists
working in the excavation of Kaunos are determin8dcondly, based on these needs decision
analyses which are met the requirements of Kaunos archaeolaggstiefined. Finally, SDSS is
designed based on needs.

Needs Assessment
Requirements of archaeologisterking in Kaunosan be listed as follows:
Need 1:

Archaeologists have the city map of Kaurmmmntainingthe environmental data abothie site.
Likewise archaeologists have the excavaiimiormation about the artifacts suchasns and glasse
Hence, they want to stothis information with their attributes based dheir geographical location.
They noted that the number of glass and coinifigslis expected tdncrease while the more
excavation studies proceeds.

Need 2:

Based on thextracteddata from site, archaeologistésh to analyze the characteristics of Kaunos.
Thus, they have the spatial decisignestions(Q1,..., Q7)concerningboth regional and sitdased
scaleproblems These aréisted in Table 4.1

Table 41 Spatial decision problems of Kaunos archaeologists

Scale Questions

Q1. Is there any specific type of glass finds?
Q2. Which type of glass finds exist in the B&th
Q3. How do coins and glasses distribute with respect"
time and spatial location in the site?
Q4. s there any clear relationship between coins and
other remains in the region?

Site-based scale questions Q5. Is there any clear relationighbetween coins and the
type of land use?
Q6. Is the coin distribution affected by the glass
distribution in the region?
Q7. Is there any clear difference between coin finds
terms of periods? If exist, which locations are rela
with the coin finds irthe most significant period?

Regional scale questions Q1. What is the reason of site selection of Kaunians?

Need 3:
Archaeologistsieedto see the resultsf analyse®n the site map of Kaunos

After defining the requirements of archaeologists basedhe data of Kaunos, tools and decision
analysis are determined to meet these requirements. These tools andsamallysted as in Table
4.2
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Table 42 Tools and decision anablsthat meet the needs

Needs ofarchaeologists Tools and analysis that meet the needs

Spatial data storage and management car
handled with GIS software. Besides, excavaf
data can be stored Relational Datab
Need 1 Management Software.

Q1,02,03 | The first three questions of archaeologists ah
site can be answered with queries.
Site-based
questions Q4,05,Q6 | In order to analyze these questions, hypoth
Need 2 and Q7 testing should be performed. Hypothesis can
tested using the methods of modeling area datg
Regional Q1 Viewshed analysis can answer this question.
questions
Need 3 Cartographic display function of GIS is utilized

meet this requirement of archaeologists.

Design of SDSS for Kaunos Archaeological Excavation Based on Needs

SDSS for Kaunos Archaeological Excavation is designed according to the needs of archaeologists.
Defined tools and analgs satisfying the requirementsare considered. Hence, SDSS for
Archaeological Excavation is proposed as in the FigureA&¥igure 4.5 depicts it is composed of

four components. These are Database Management, Model Management, Dialog Management and
Stakeholder Components.

The first component, Data Base Management Component, coosidatabases which store spatial

and textual data maely; GIS and RDBMS. Environmental spatial data of Kaunos are stored in GIS,
meanwhile; excavation data are storadR-DBMS. The second componerilodel Management
Componentis based orthefirst component. It has two basic fuimns; Basic GIS Analys Functions

for Kaunos and Spatial Data Analysis. Basic GIS Anallsisctionsincludes Queries and Viewshed
Analysis. On the other hand, Spatial Data Analysis contains modeling and hypothesis testing. Spatial
decision problems defined by the archaeolsgeste answered with these decision analyses. The
results of the Model Management Component are visualized in Dialog Management Component with
the help of GIS. Although Dialog Management Component is a comprehensive tool, in this thesis it
only contains theesulant maps andyraphical output®f the models. Finally, the last component is
users who are archaeologists working in the excavation of Kaunos. They produce meaningful
information about characteristics of site by utilizing the visualized maps amts.clizesides,
according to their feedback models can be improved.
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4.3The DatabaseManagement Componentor Kaunos ArchaeologicalExcavation

In order to develop an SDSS, a datal@designis the most important step since Model Management
Component interacts witthe Dialog Management Component

For Kaunos,lie main data is obtained asapand tabular fan fromthe excavation team. However,
sincethis acquired map isot enough for the visibility analysdsur othermaps arebtainedfrom the

General Directorate of Land Registry and Cadaster. Maps are 1/5000 scaled maps of Kaunos and the
textual data comins information about glass and coins which were found duringXtevation in

Kaunos (Table 4)3 Hence, data of Kaunos composed of two different scales, regional abhdsstk

scale.

Table 43 Raw dataof Kaunos

Data Types Description Source

Maps Raster data 1 /5000 scaled Kaunos map, Excavation team,
1 /5000 scaled topographic mag  General Directorate of Land
Registry and Cadaster
Coindata Tabulardata  Minted name, minted date,

inventory number, fountbcation, Excavation team
information

Glass data Tabular data  Foundlocation, inventory
number, Excavation team

description, detailed description,

These collectedlata isconverted from analogue to digital forma using QGIS and PostgreSQL
software QGIS is utilized for the registration of mapthe capture andhe storage of dataOn the
other hand, PostgreSQis used for the storage of sibmsed excavation dataamely coins and
glassesQGIS is selected asGIS platform for this thesis, sinceis anopen sourceayser friendly and
developed plugn can be added and used easily. For exampledier do perform viewshed analgsi
plugi n s devel op(20il0) akeyaddédetdk the systenMoreover, it can connect with
PostgreSQLand it supportsthe PostGIS layers created in PostgreSQLreated database in
PostgreSQL can be browsed in QGIS dhd queries can be constructedls relational database
management system software, PostgreSQL is used. It has many advaageisthem is mentioned
abo\e that it can connect with QGIS. Another main important characteridtidhisit is op@nsource
relational databasmanagement systenos which the PostGIS spatial database can bedbuil{f Hu a n g
and Wu, 2008, p.1).

4.31 Spatial Database ManagemenBystem
Being the first part of database management component of SDSE&afaros archaeological

excavation GIS helps to capturthe data from maps i.dhegeneration of spatial informatiofigure
4.6shows the stages of dgieeparation stages
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Firstly, 1/5000 scaled maps of Kaureneregistered in QGIS by entering the four coordinate points.
The map projection typas selectedasthe Universal Transverse Mercator (UTM ED 50) which is

suitable for the mappimpurposes in Turkey (Figure 4.Tf the scale of a map is between 1/5000 and
1/250000 or greater than 1/5000 (i.e. 1/1000), UTM is anogpiate projection type.
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Figure 47 Registration interface of QGIS

After theregistration step, athe objectson the mapsnamelybuildings city walls, roads, river and
contoursare digitized in QGIS(Figure 4.8. The buildingswhich arecity walls, theater, churches,
bath, fountain, stoa, basilica and temples are digitized @il dgth their plans (Figure 4.8 Due to
the insufficiency of this magor viewshed analysj the contours are digitized beyond the Kaunos
from themaps obtained frorthe General Directorate of Land Registry and Cadd§tgure 4.9.

Manual digitizing method is selected fibre digitization process. In this method, while tracing on the
border of iters, the points are captured through the needs. This method is especially appropriate for

contours sinceif contour line is very curlythe number of click can be manually increased in that
area. Hence, rough areas are digitized successfully by this way.
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Figure 48 Digitized map of Kaunos ar
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Figure 49 Digitized map of Kaunos in regional scale
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After digitization, the attribute information of vector features is entered. Tdtabdse of these
buildings consists of ightity number (ID) name and era attributes. Contours hi&¥end elevation
attributes Finally, shape filesi.e. layers are created. Theslayers are buildings, transportation
(pathways in the historical site are digitized in this layer), river, city wall, plans of the buildings and
contours (Table 4.4).

Table 44 Data structure of Kaunos

Vector data Attribute data
Buildings ID
Name
O Roman Bth
O Measurement  Platform (circular
building)
O Palaesta Terrace
O Domed Church
O Theatre
O Temple Terrace
O Fountain
O Demeter Temple
O Stoa
O Roman Bazilica
Period
Contours 1D
Height
Roads ID
River ID
Name

In order to analyzesitebased decision problems of archaeologists, study area is restricted. Since
archaeologists define spatial problems based on coins and glass excavation data, study area is defined
asillustratedin the Figure 4.10, which contains the locations of exttavalata. In this study area, it

is needed to define zones because coordinates of coins and glasses are not known. Hence, attribute
information of coins and glassarestored as area data.
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These zones are created by wusing t hediffarént eat e
archaeologists havearying perception about the influence area of 8teuctures, using Thiessen
Polygons provides a standdatation definition in the sitdJsing this tool of ArcGIS, 18 zones are
obtained in whih coins and glasses are fourl this data set, the zones have attributes which are
total coin number, total glass humber, slope, and time of usage interval. Basithesologists state

that coins and glass finds in Kaunos belong to six different period$ whit be seen from the Table

4.5 Hence, number of coins and glasses are also recorded with respect to periods. Attributes of the
zones are listed in the Table6.

Table 45 Periods of the remains in Kaunos

Greek Period Roman Imperial Period Byzantine Period
Early Imperial Latg Early
Archaic Hellenistic Period(3) Mid Imperlal Byzantine
Classic Period(2) Imperial Period(5) Period(6)
Period(1) N Period(4)
(Eg i'ggﬂl) (AD 4.ceni (AD 6.ceni 7
(BC 7.ceni (BC 4.ceni ' (AD2.cen 5.cen) cen)
BC4.cen) BC 1.cen) 3.cen)
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Table 46 Site-based scale data structure of Kaunos

Zones Attribute Data
O Nekropol O Apollon Holy Place O Total number of coin
O Lesser Acropolis O Temple Terrace O Total number of glass
O Macedonian Tomb O Fountain O Total number of coin with
O Small Castle Southern O Monopteros-Tholos respect to each period
City Wall O Theatre O Total number of glass witt

O Big Harbour O PalaestraDomed ~ respect to each period
O Graveyards Temple O Ratio of number of coin:
O Roman Bazilica O Bath with respect to each period
O Stoa O Demeter Temple O Ratio of number of glass witl

O Korinth Temple _ respect to each period

O Agora O Time ofusage

4.32 Relational Database Management System

In Kaunos, coins and glass finds are studied in detail by the archaeologists. Thus, their attributes
are very comprehensive. In order to manage and store this large amount of data, PostgreSQL is used.

In this step of SDSS, the most importaspectis design of databas#. is performedaccording to
Ramakrishnan an@ehrke(2003)% three stepsRequirement analysis is thedirstep of designing a
database and s e demand are determined in this stephus,the needs of archaeologists who are
working in the excavation study of Kaunare discussednd defined

High level description of data which the theme of second step is developed accordinghéo

information gathered in requirement analysisis designedfor coin and glasslatabase of Kaunos

(Figure 4.1). Buildings entity which isthearea datacontains both comand glasses so Eftagram

has t wo i h &ssites,rcans andiglasses .aetated tosix periods vial SA (fii s ao)
Hierarchy. The attributes of the coins are inherited to the entitieArcfaicClassic Period,

Hellenistic Period, Early Imperial Period, Mid Imperial Period, Late Imperial Period and Byzantine
Periodby ISA Hierarchy Information entities areclated tocoin and glass entitieBesides, as seen

from the Figire 4.11thekey constraints ardefined ontheER Diagram.

Buildings and coin relation is one to many relation since a coin is associated with at most one building
via fha® relation However, a building is associated with several coins via borrower. Buildings and
glassentitieshave also one tomany relationdue to same manner. Another constraint is defined
between the coin anthe information entities It has one to one relationship because a coin is
associated with at most one informatigia contains relationship andformation is associated at

most me coin. Glass and information entitlegvealso one to one relation.

As thefinal step,the ER diagram of coin and glass data are convertdrelationaltablesby using
PostgreSQI9.0. SQL statements are used while creating tabiesanwhile,constraints are defined.

Spatial information of Kaunos igeneratedn QGIS as well as 1&ones. These zonese storedhs
Thiessen_Orj_Points_Clip.shp which is seen as building relation in ERdbia In order to convert

ER diagram to relational database schgfinstly, Thiessen_Orj_Points_Clip.shp file is needed to be
imported into PostgreSQL. It is imported through the Plugins > PostGIS Shapefile and DBF Loader.
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Secondly, coin entity is converted to relational tables. Since ISA Hierarchy can be stored in different
relations, coin hs 6 different relational tables. As it can be seen in ER diagram, coin_id is the primary
key for coin relational tabl es. Besi des, the foreigdg
fcontainso relations ( Fi gurceatdn.ofic@nrelatiddatablei s as t he f ol

CREATE TABLE coinn_arc_classic

(coin_id integer NOT NULL DEFAULT),

date character(45),

minted_name character(35),

CONSTRAINT archaic_classic_coinn_pkey PRIMARY KEY (coin_id),
CONSTRAINT coinn_arc_classic_coin_id_fkey FOREIGN KEY (coin_id)
REFERENCES has (coin_id) MATCH SIMPLE

ON UPDATE CASCADE ON DELETE CASCADE,

CONSTRAINT coinn_arc_classic_coin_id_fkeyl FOREIGN KEY (coin_id)
REFERENCES contains (sikke_id) MATCH SIMPLE

ON UPDATE CASCADE ON DELETE CASCADE)

Another i mportant aspect is translating a relationst
attributes which are primary keys of coin and buildings entities. Coin_id is again a primary key here

and building_idisd or ei gn key (Figure 4.12). In order to crea
following:

CREATE TABLE has

(building_id integer,

coin_id integer NOT NULL,

CONSTRAINT has_pkey PRIMARY KEY (coin_id),
CONSTRAINT has_building_id_fkey FOREIGN KEWuilding_id)
REFERENCES "Thiessen_Orj_Points_Clip" ("POLY_ID")

ON UPDATE CASCADE ON DELETE NO ACTION,
CONSTRAINT has_coin_id_fkey FOREIGN KEY (coin_id)
REFERENCES coinn (coin_id) MATCH SIMPLE

ON UPDATE NO ACTION ON DELETE NO ACTION)

Finally, contains relationship and information entities are converted to relational tables. As in the
Afhasod relation, contain relational table is composed
The primary key is sikke_id and the foreign key is inventogymber (Figure 4.12). SQL statement is:

CREATE TABLE contains

(sikke_id integer NOT NULL,

inventory_no character(45),

CONSTRAINT contains_pkey PRIMARY KEY (sikke_id),
CONSTRAINT contains_inventory no_fkey FOREIGN KEY (inventory no)
REFERENCES coinn_infénventory number)

ON UPDATE CASCADE ON DELETE CASCADE,

CONSTRAINT contains_sikke id_fkey FOREIGN KEY (sikke_id)
REFERENCES coinn (coin_id)

ON UPDATE CASCADE ON DELETE CASCADE,

CONSTRAINT contains_inventory_no_key UNIQUE (inventory no))
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The primary key of information entity is inventory_number (Figure 4.12) and it is converted to
relational table with théllowing SQL statement:

CREATE TABLE coinn_info

(inventory_number character(42) NOT NULL, founded_location character(20), founded_detail
character(155), description text, photo_a character(30),photo_b character(30),

CONSTRAINT coinn_info_pkey PRIMARY KEYinventory_number))

Relational tables of glass entities are created in the same way as with coin entities.

4.4Model ManagementComponentfor Kaunos Archaeological Excavation

Model Management C 0 mp dasetwot parts TheseKaaeu Bagics@BnaB/$isS S
Functionsfor Kaunos and Spatial Data Analydesnctions(Area Data Analyses). As determined in

the methodology, Basic GIS Analyses for Kauaos queries and viewshed anadysihese analyses

are performed in order to explain site characteristitdiaunos. The second part tife Model
Management Component is area data analysis. In this section, hypotheses are constructed to answer
spatial decision problems of archaeologists.

4.41 Basic GIS AnalysisFunctions for Kaunos
Basic GIS Analysis Funains are queries and viewshed analysis.
Queries

The queries are performed in order to answer the questions of archaeologists related with database.
According to their demands botion-spatialand spatial queries required to be performe8patial
gueriesare performed for the following questions of archaeologists:

T Where are the Byzantine Periodsé coins found?
1 In Hellenistic Period, where are the coins which are minted by the king having the highest
number of coin?

Thenon-spatialqueries are:

1 What is thenumber of coins according to the minted name in each period?
1 Is there any specific type of glass findé&xist where are they fourrd
1 Which type of ¢ass findngs exist in the Bath

SQL in DB Manager tool of QGIS 1.8.0 is used to perform queries. Thisctmmects the PostGIS

with PostgreSQL where database is created. Because of geometry daduipeing spatial database,
spatialqueries can be performed by adding the quesult as a new layer (Figure 4)13
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Figure 414 Thematic map of coin founareas in Byzantine Period
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In Hellenistic Period, according to demands of archaeologists, locations gfwbiols are minted by

the kingwho minted the mostcoins, are foundAccording to result of following SQL statement,
Kaunos was minted the highest number of coin in thimgend these coins are foufrdm Apollon

Holy Place, Temple Terrace, Stoa, Palaestra, Korinth Temple, Theatre, Big Harbour and Graveyards.

SELECT DISTINCT
AThi essen_Orj _Points_Clipo. 6Namebo,
AThi essen_Orj _Points_Clipodo. oPOLY_I1DOo,
AiThi essen_Orj Points_ Clipod. o0the_geomo,
oin_hellen.minéd_name
FROM
public. 0Thiessen_Orj Points_Clipo,
public.has,
public.coinn_hellen
WHERE
AThi essen_Orj _Points_Clipo. oPOLY_|I Do =
has.coin_id =coin_hellen.coin_id and
coin_hellen. minted_name=06Rhodosd
N
Korint Tapinagi
Monopteros-Tholo
Kuguk Akropal Locations of Kaunos
coins in Hellenistic
Period
not coin founded
Kuguk Kale Guney Sur pemeter Kiligesi Bityok Liman areas s
Figure 415 Thematic map of location of coins minted by Rhodos in Hellenistic Period
The attribute queries are implemented in PostgreSQL and the results of some queries are illustrated
with graphs or tables. For the first question whghin What s t he number of ¢

name in each period?d SQL statement is

SELECT DISTINCT minted_name,
COUNT (*) AS count

FROM public.coinn_arc_classic
GROUP BY minted_name;

In this statementFROM part is updated according to six perioddations and the results are
illustratedin Figures 4.16 to 4.21As seen from the figuse Hellenistic Period has the highest number
(126) of coins and it is followed byEarly Byzantine Periog0),near |y hal f of t hem
coins. The third period is Mid Imperial with the value of 37 coins lasite Imperial Period follows

this period with 34 coins. Early Imperial Period is in the fifth order and it has totally number of 15
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coins most of wtth are minted by Rhodes. Finaliyy Archaic Classic Perigdhere wergust 3 coins
found minted by Kaunos and Rhodos
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Figure 416 Archaic Classic Period coin number according to minted names
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Figure 417 Hellenistic Period coin number according to minted names
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Figure 418 Early Imperial Period coin number according to minted names
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Secondly, in order to analyze whether there exist any different type of glass finds, SQL statement is
written like that:

SELECT DISTINCT description,founded_location
FROM public.glass_info
GROUP BY description,founded_location;

Result thle (Table 47) shows that there are twdifferent type of glas€j Ar ybal | oso and A Oi
Aryballos is a perfume bottland it is foundrom Temple Terrace. Although archaeologists expect to

find this type of artifacts from the batlihey say that becausétbe land sliding it is foundfrom the

nearest location ofdth, which is Temple Terrace. On the other hand, Oinoche is a type of bottle that

is usedor the wine service and fourial Stoa.

Table 47 Differenttype of glass finds ahfoundlocation

description found_location
Aryballos Temple Terrace
Oinochoe Stoa

Finally, in order to analyze the type of glass filg$ that are foundrom bath SQL statement is

written as follows:

SELECT DISTINCT "glass_info"."descriptién"glass_info"."founded_location"
FROM public.glass_info
WHERE founded_location='Bdth

According to result of this statement, it is seen that just a flat bdadiigl from Bath(Table 4.8.

Table 48 Type of glass finds founih Bath

description found_location
Flat bowl Bath

Viewshed Analyses

As it is explained in the literaturgection viewshed analyses are utilized to explain site selection
criterions ofancientcivilization. Whether a selection of this area contains a reason behind it or not can
be examined by viewshed analysis. In this manner, archaeofogigstion in regional scale can be
answered with viewshed analysis.

In this study, iewshed analyseasre conducted by using two types of metkodhesearecumulative
viewshed and visibility analyses. Cumulative viewshedhis summation of visibility analyses
performed fromvariousselected poirgt In thisthesis it is utilized inpath basedand one of thg@oint
basedviewshed analysi On the other hand, visibility analysis defines visible andvisible areas
from thedefined points and wasutilized in point based visibility analyses.

Two plugins, which were developed for QGIS bl e k(2010) areused toperformthe viewshed
The names of plugns arefiViewshed Analysis for PoindsandfiVisibility Analysiso. In the first one,
as seen irthe Figure 4.22 the observer height anthe distance limitare defined. If one point is
selected in observerylar, theresulantmap consistof binary code whereas if more than one point is
selected, it giveBigital Number DN) according tahetimes of visibility.
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Figure 423 Interface of Visibility Analysis

Point Based Viewshed Analyses
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Visibility analysis is realized with uginthe interfaceshownin the Figure 4.23 In this analysis,
weights can be assigdto thedefined areas with polygons which are thought to be importanthEor
present investigatignthis parameter is not useohd thereforehe weight values are not defined.
Resulantmaps arehesame as multiple point based visibility analySésey giveDN numbesto the
areas according to how many times the areas are seen.

Point based viewshed analyses are performed from the points defined by the archaeologists. These
points are generally selected on the buildings. Measurement platform, Acropolis and Demeler Tem

are the observation points. Besides, the visibility and the cumulative viewshed analyserfoansed
for the observation towers on the city wall.



Theo b s e rheightsslettted as BHcm, and each analisareperformed both fothe extent ofl000
m and 3000n.
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Figure 424 Viewshed analysi from measurement platform (1000m)
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Figure 425 Viewshed analysi from measurement platform (3000m)
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Figure 426 Viewshed analysi from Acropolis (1000m)
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Figure 427 Viewshed analysi from Acropolis (3000m)
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Results of viewshed analyses performed from the measurement platform are presented in Figures 4.24
and 4.25The inside of Kaunos,e the inside of the city wall, is mostly visible and some areas outside
of the city wall can be seen from the observation point.

The results of Acropolisiewshedarenearlythe sameasthe measurement platform. Heriaside of

the Kaunoscan beseenas well However,in the easrn side of some pad of the areawhich is
behind the small castléhe south city wall cannot be sebecause it is located on the t{figure 4.26
and 4.27.
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Figure 429 Viewshed analysifrom Demeter Temple (3000m)
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The \sible areas from Demeatdemple are seen in Figukke28 and 4.29 The resulant maps are
similar totheresults of Acropolis.
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Figure 430 Viewshed analysi from tower of city wall (1000m)
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Figure 431 Viewshed analysi from tower of city wall (3000m)

Finally, the viewshed analysiis carried out forseven points whiclareon thetower ofthe city wall
(Figure4.30and4.31). Blue areas ithe figuresrepresent thareaghatarenot visible, whereas the

red areasnostlyshow the places that can $menfrom thepoints on the city wall.

Path Based Viewshed Analyses

Path based viewshed analyses performed from the coastline of harbor, west city watirth city
wall andthe rest of thesity wall. As point based viewshed analyses, thes@arfermedfor 1000m

and 3000m extentThe d s e r v e r isa@jainbeledted AstBom.
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Figure 433 Viewshed analysifrom coastline of harbor (3000m)
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Brown areas inFigures 4.32and4.33arethe most visible onelsom the observation path whicis the
coastline of harborinsideof Kaunos where buildingarelocatedcanbe seen commonlyutside of
the city wallis notseen due ttheelevation.
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Figure 435 Viewshed analysi from west city wall (3000m)

61



Secondlythepath based viewshed analysperformed fronthe path ofthewest city wall.In Figure
4.34 purpleareagepresent thenost seemplaces brown and redreasarecommonlyvisible from the
defined pathThe nside andhevicinity of the Kaunosairecommonlyvisible (Figure4.34and4.35).
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Figure 437 Viewshed analysi from north city wall (3000m)
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Areasvisible from thenorthern city wall areoutside ofKaunos.Especiallytheside ofDalyan Rver is
visible fromthe path ofthe northern city wall (Figure4.36and4.37). This canberelated tothe fact
thatthis areavasused a$arbour in ancient timeJhus,people couldavoid the attacks which might
havecome fromthesea
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Figure 438 Viewshed analysi from whole city wall (1000m)

Finally, the path based viewshed analy@serformed fromthe whole city wall (Figure 4.38. Blue
areasin Figure 4.38arethose whicharenot seerfrom anywhere othe wall. The nostly seen areas
aresituatedfar frombuildings. This may be the reasfam thesurveillance of enemy.

Whentheviewshed analyseare investigatedboth path based and point based, critical areas can be
seen from the observation location. The inside of the city wall as welrae parts outside of the
wall can be visible from the points which are sele@sdbservation location. Moreover, as it can be
seen fromthe resultsof path based viewshed analyg€sgures 4.324.38) the side of river which
used to be a harbour inglpast times is particularly visible.

4.4.2 Spatial Data Analyses of Area Data

As it can beunderstood from the sHeasedquestions of archaeologists which are specified in Section
4.2.1, they want tanalyzespatial pattern or trends of the ceaollededover a set of areas.

With area data analysis, spatial variations in the coins and glass variables can be analyzed, in terms of
spatial arrangement of measurement areas. Moreover, relationship between coins, spatial arrangement

of zones and othattributes, which areecorded for each zone suchgiasses, time of usage intersal
etc, can be determined with statistical models of area data analysis.

Hence, in order to answer the following spatial decision problems of archaeologists, firstly
visudization of the coin and glaskatais made.

Is there any clear relationship between coins and other remains in the region?

Is there any clear relationship between coins and the type of land use?

Is the coin distribution affected by the glass distributiothe region?

Are there any differences among coin findings in the periddk@re are any differences in
the periods, which locations are related to the coin findings in the most significant period?

pPONPE
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Secondly, explorationin order to explore firsaind second order effects apgerformed. Finally,
statistical models are constructed to tsgiothesis developed from exploration and visualization

Visualization of Coin and Glass Data in Kaunos:

Coin and glasslataare visualized in terms of total values and values according to peti®dgen in

Figure 4.39 most of the coins that were found belong to Hellenistic Period. In Apollon Holy Place,
Temple Terrace, Agora and Stoa, the total number of coins is highxahdling ArchaieClassic

Period, coins were found throughout all the periods. This shows the continuity in these areas.
Especially, Hellenistic Period and Early Byzantine Period have the largest values in these areas. Coin
findings in ArchaieClassic Perid are very rare.
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Figure 439 Coin map in terms of period

The dass findngs in Stoa, Temple Terrace, Monopteros and Gravewaedrich (Figure 4.40. As
distinct fromthe coin distribution, glass firidgs are common during the periods of Early and Late
Imperial. It is noticeable that although there are no coins in Monopteros, theepdeisty of glass
found in this zonewhereasthereis no glassin Apollon Holly Place. This might show th#te
relationslips betweerthe glass andhecoin findngs may not exist

However , datet thdt arfifdcts should be evaluated with its environment. When the coin
findings in the adjacent areas of Monopteaos investigatedsmall numbers of coirere foundwhich
belong to théHellenistic Period (Figure 4.39Hence, archaeologists @rfthat coins may not be found

in Monopterogpersonal communication, January 14, 2012).

On the other hand, glass finds are densely found in the adjacent areagmillon Holy Place
(Figure 4.40. Thus, archaeologists infer that this area should be studied in detail.
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Figure 440 Glass visualization map in terms of period

In order to simplify the statisticalnalysis ratios accordingatthe sum of coin and glass numbers in
each period arebtained The rati@ of coin and glass firidgs aremapped using the choropleth maps
considering periods in order to visualize the distribution of thesénfindvith respect to time and
spatial locatin. These maps aseimmarized in Figure 4.4ind4.42and illustrated in Appendix A
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Figure 441 Ratio of coin finds according to periods

As seen in Figure 4.41n the ArchaicClassic Periodcoin findngs arerich in the north eastern part

of the study region. However, the Hellenistic Period, mostly coins wefeundin the north western
side, in Apollon Holy Place and Temple TerraBarly Imperial Period is mixture of the first two
periods. Coin ratios at@igh in the zones of Apollon Holy Place, Temple Terrace and Tombs. In Mid
Imperial Period, coin ratio is high just in the Apollon Holy PlaGain density location in Late
Imperial Period is similar with Hellenistic Period. In Byzantine Period, coin iafigh in the north
western part of the study region, too.
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Figure 442 Ratio of glass finds according to periods

As seen in Figure 4.42hereareno glass finthgs in the Archaic Classic Period. Ithe Hellenistic
Period, glass findhgs are rich in Stoa. Besides, in Batimperial Period, glass fings were
commonly foundn Stoa and Temple Terrace. When the Mid Imperial Pedambnsidered, glasses
were foundalso in the zones of Monopteros and Theatre. Howevéhngibhate Imperial Period, glass

ratio is high in the Temple Terrace. In Early Byzantine Period, glasses are rich at the center of the
study region.

In order to analyze, whether coin and glass distribution related to slope and aspect of the region, slope
and apect maps of the region are created.
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Figure 443 Slope and coin distribution
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Figure 444 Slope and glass distribution
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Figure 445 Aspect map of the region

As seen inFigures 4.43 and 4.44, although coin and glass distribution is rich in the flat areas, they
were also found in the rough areas. Thus, it can be said that the slope does not affect coin and glass
distribution in the study region. When looking at Figure 4.45s visible that coin and glass
distribution do not depend on aspect.

Exploration of Area Data in Kaunos:

In order to estimat¢he global trends anthe variations in the area data, how the mean value of the
attribute varies @oss the study regids investigated Spatial moving average is applied for both coin
and glass ratmin terms ofsix periods. Resulant maps aresummarized in Figure 4.46 and 4.4iid
illustrated in Appendix B. fieglobal trend is analyzed for the coin and glassifigslaccording tdhe
periods.The global trendis analyzed by usin§patial moving averageln theEquation 3.1for the
proximity matrix, common boundafyased matrix is used.
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Figure 446 Global trend in coin distribution

In the Archaic-Classic Periodtrend in the coin distribution proceeded through the eastern side of the

study region (Figure 4.46 On the other handipr therest of the five periodglobal trend is through
the northwestern side.
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Figure 447 Global trend in glass distribution

As seen in Figure 4.40nly in Early Imperial Period trend is through the seedistern side of the
region. The rest of the five perigdrendis through the norttwestern side.

In theareadata analysis, kernel estimation is not used asmmonapproach. Instead of storirtige
information about thentirearea areasassociated with some appropriate péaaationsare used for
storage This point can be the centroid of the arklare, in this case, it is concluded that building
zones from measurement points Viaesserpolygons, attribute information are stored in the centroid
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of the built zones. Bandwidth is 30 m. The clusters of coins accordihgperiads can be seen in the
Figures4.48 4.53
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Figure 448 Archaic Classic Perio&ernel Estimation
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Figure 449 Helenistic PerioeKernel Estimation
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Figure 450 Early Imperial PerioeKernel Estimation
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Figure 451 Mid Imperial PeriodKernel Estimation

Figure 452 Late Imperial Perio&ernel Estimation

Figure 453 Early Byzantine Periotkernel Estimation
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