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摘要
2013年5/5-5/9在澳洲Brisbane舉行的CIB World Building Congress 2013研討會係由CIB與Queensland University of Technology共同舉辦，為三年一次之全球性建築及營造產學界盛會。此會議有來自七十餘國的五百多位代表參加，在實際之三天議程中發表了涵蓋多個課題的四百餘篇論文。本人得到國科會本年度研究計畫之獎助，前往參加並發表論文一篇，題目為「以網路程序分析法評定建案選項優先次序」。該文內容主要為提出一個納入評估因子和建案選項間相互影響的改良模式，並藉高雄市近年來的三個住宅建案為建案選項來說明該模式，結果顯示此模式所得之選項優先次序會與不考慮回饋影響的層級程序分析法不同。
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本文

1、 目的
2013年5/5-5/9在澳洲布里斯班(Brisbane)舉行的World Building Congress 2013研討會係由國際建築及營建研究和創新協會(International Council for Research and Innovation in Building and Construction, 簡稱CIB)與昆士蘭技術大學(Queensland University of Technology, 簡稱QUT)共同舉辦，為三年一次之全球性建築及營建產學界盛會。且此次適逢CIB成立60週年，2012起即廣為宣導，所有論文皆需經同儕審查(peer review)才接受發表。此會議有來自七十餘國的五百多位代表參加，共發表了涵蓋多個課題的四百餘篇論文。
本人得到國科會本年度研究計畫(NSC101-2221-E-327-037)之補助，前往參加並發表論文一篇，是執行該計畫的核定項目之一。論文題目為「以網路程序分析法評定建案選項優先次序」(Ranking construction project alternatives with the analytic network process method)，編號為401。該文內容主要為提出一個納入評估因子和建案選項間相互影響的改良模式，並藉高雄市近年來的三個住宅建案為建案選項來說明該模式，結果顯示此模式所得之選項優先次序會與不考慮回饋影響的層級程序分析法不同。當面臨重要營建決策須審慎評選以找出最佳方案時，本模式之程序及解答應更能經得起挑戰。
2、 過程
2.1 研討會議題與議程
本研討會主題為營建與社會(construction and society)，課題涵蓋建築及營建下的永續(sustainability)、法務(law)、採購(procurement)、經濟(economics)、行銷(marketing)、衛生(health)、安全(safety)、教育(education)，規劃(planning)、防災(disasters)、績效(performance)、管理(management)，資訊技術(IT)等。發表之四百餘篇論文大多為學術性研究成果，少數為產業論文(industry paper)，全文收錄於研討會論文集proceedings (ISBN: 978-0-9875542-0-8)。會場Brisbane Convention and Exhibition Center位於市中心，係1988世界博覽會場。
本研討會議程共計五天(5/5-5/9)。首日(5/5)為交誼會(Networking Opportunity & Welcome Drinks)，與會者互動，促進瞭解。次日(5/6)首先舉行開幕式(official congress opening)，由昆士蘭省住宅與公共工程部長Tim Mander正式宣佈大會開始，然後就是各課題下的平行論文發表議程(parallel sessions)。由於本研討會為國際大型會議，發表論文篇數眾多(達四百餘篇)，故在隨後的三天議程(5/6-5/8)中，上下午都區分共九個議場同時舉行口頭發表(oral presentation)，每篇十五分鐘。同時大會還有安排在大廳一側的海報發表(poster presentation)，隔天更換另一批。這些論文題目涵蓋範圍遍及建築和營建各相關領域，涉及許多專業如前述。
此外，每日上午和下午開始時先有全體會議(plenary sessions)，由大會安排來自澳、美、英、法等國之產、官、學界知名人物擔任主要演講者(keynote speakers)和座談與談人(panel speakers and members)。例如5/6上午為美國史丹佛大學(Stanford University)的Martin Fischer教授做主要演講，題目為「多次虛擬營建專案再實際施工」(Building your project a thousand times virtually before building it in reality)，係4D模擬在營建工程上之應用，可有效提高施工性。當天下午有澳洲開發協會(property council)會長和昆士蘭省都市計畫(reconstruction authority)主席等與談人的座談，題目為「都市世紀建設：營建業對提高全球福祉和生產力的解答」(Delivering the urban century : construction industry solutions for supercharging global well-being and productivity)，提出了澳洲與昆士蘭省的經驗和看法。最後一天(5/9)並無論文發表，而為CIB及其下各Commission的成員會議，但研討會參與者也可自由參加。
除了以上議程外，大會有安排交流活動(social program)，促進代表們間之互動與瞭解，包括5/6的歡迎會和5/8的大會晚宴(gala dinner)。另外，5/9大會還有安排技術參訪(technical tours)，包括Queensland University of Technology之科學及工程中心(Science and Engineering Centre)和Brisbane市政府(City Hall)，二者對於澳洲近年來公共建築之發展，提供了直接觀察之機會。
2.2 個人發表內容概述
本人發表的論文其題目為「以網路程序分析法評定建案選項優先次序」(Ranking construction project alternatives with the analytic network process method)，編號401，歸屬於專案管理課題(track: W065)。全文收錄於研討會論文集(ISBN: 978-0-9875542-0-8)。此論文係依照初稿之審查意見經修改後始獲得接受發表，論文摘要如下述(從英文翻譯而來)：在評估營建投資時，公私部門業主常有數個專案選項，例如不同的建地供開發和不同的建築方案。對它們一一評量以找出最佳者來實施是業主在專案規劃階段最重要的決策。傳統的淨現值法有納入無形效益與風險的困難，因此其結果未必能代表一個方案的整體價值。多屬性效用理論雖可納入所有因子以產生一個方案的總效用評分，但它有決定準則權重與效用函數的困難。層級程序分析(AHP)法雖能從成對相比導出準則權重和方案的優先評分，但它因是單向方式評估，不能納入準則和方案間的回饋關係。本文提出一個使用從層級程序分析法一般化而來的網路程序分析(ANP)法的專案選項評估改良模式，以納入回饋的影響。為說明模式，高雄市近年的三個住宅建案被用來做為一家假想的中型建商的選項。首先探討影響建案經濟性的相關因子和因子與方案間的回饋關係，以決定評估準則和網路模式中的相依連結。其次根據公司和建案條件，定出模式輸入值並處理後產生準則權重和建案的相對評分以決定它們的優先次序。案例一在週圍環境、用地本身、和鄰近區域的需求與競爭等三個準則都被評為中等以上。案例二位於高興建強度區域，週圍環境被評為優等，但用地本身和鄰近區域的需求與競爭各因形狀不佳和過度供應風險而被評為差劣。案例三位於市郊角落，有高發展潛能，故週圍環境被評為被評為差劣而用地本身和鄰近區域的需求與競爭被評為佳到優等。由於額外關係的加入，ANP模式得出跟AHP法不同的建案優先次序，從案例二>一>三改為案例一>三>二。
論文發表被大會排在5/7的海報議程(poster session)。於是預先製作A1海報攜至會場，在大會所安排的大廳一側的佈告板張貼(海報內容如下圖所示)。本人並在當場應詢回答提問。參加研討會所攝的相片見於附錄。
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SITE 1

SITE 2

level 1 

(goal)

Level 2 

(criteria)

level 3 

(alternatives)

SITE 3

DEMAND & 

COMPETITION

OVERALL 

ASSESSMENT

PLOT 

CONDITIONS

SURROUNDINGS 

CONDITIONS

Table 10: Initial super-matrix for the ANP example, W

Attributes

Overall 

Assessment

Surrounding

s Conditions

Plot 

Conditions

Demand & 

Competition

Site 1 Site 2 Site 3

Overall 

Assessment

0 0 0 0 0 0 0

Surroundings 

Conditions

0.54 0 0 0 0.6 0.2 0.5

Plot Conditions 0.163 0 0 0 0.2 0.4 0.25

Demand & 

Competition

0.297 0 0 0 0.2 0.4 0.25

Site 1 0 0.309 0.429 0.309 0 0 0

Site 2 0 0.581 0.143 0.11 0 0 0

Site 3 0 0.11 0.429 0.581 0 0 0

Table 11: Limit super-matrix for the ANP example, W10

Attributes

Overall 

Assessment

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Site 1 Site 2 Site 3

Overall 

Assessment 0 0 0 0 0 0 0

Surroundings 

Conditions 0 0.4373 0.4377 0.4373 0 0 0

Plot Conditions

0 0.2819 0.2822 0.2819 0 0 0

Demand & 

Competition 0 0.2819 0.2822 0.2819 0 0 0

Site 1 0.3431 0 0 0 0.3432 0.3432 0.3432

Site 2 0.3254 0 0 0 0.3254 0.3254 0.3254

Site 3 0.3328 0 0 0 0.3328 0.3329 0.3328

Table 9: Comparison of surroundings conditions, plot conditions, and 

demand & competition in their importance with respect to site 3

Attributes

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Principal 

Eigenvector

Surroundings 

Conditions

1 2 2 0.500

Plot 

Conditions

1/2 1 1 0.250

Demand & 

Competition

1/2 1 1 0.250

Table 8: Comparison of surroundings conditions, plot conditions, and 

demand & competition in their importance with respect to site 2

Attributes

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Principal 

Eigenvector

Surroundings 

Conditions

1 1/2 1/2 0.200

Plot 

Conditions

2 1 1 0.400

Demand & 

Competition

2 1 1 0.400

Table 7: Comparison of surroundings conditions, plot conditions, and 

demand & competition in their importance with respect to site 1

Attributes

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Principal 

Eigenvector

Surroundings 

Conditions

1 3 3 0.600

Plot 

Conditions

1/3 1 1 0.200

Demand & 

Competition

1/3 1 1 0.200

2. The AHP model

3. The ANP model

Figure 1. Decision attribute hierarchy for the example site selection problem

1. Introduction 

Table 1: Comparison of surroundings conditions, plot conditions, and 

demand & competition in their importance on overall asessment

Attributes

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Principal 

Eigenvector

Surroundings 

Conditions

1 3 2 0.540

Plot 

Conditions

1/3 1 1/2 0.163

Demand & 

Competition

1/2 2 1 0.297



The AHP assessment above is lop-sided due to domination of surroundings conditions, Based on the characteristics of the three sites, the developer decides to incorporate feedback relations in the model thus making it an ANP 

model.



Three more comparison matrices are produced for evaluating the relative importance of the three criteria with respect to site1 (Table 7), site 2 (Table 8), and site 3 (Table 9). As shown in the obtained principal eigenvectors, varying 

weights for the three criteria are generated, reflecting the developer’s concerns for the weaknesses of each site and representing challenges to the superiority of each site.



As the initial super-matrix in Table 10 shows, the eigenvectors from Tables 7, 8, and 9 are inserted into their corresponding columns of the super-matrix, while the previous identity sub-matrix is deleted and everything else is retained.



The power of the matrix is then raised until the product of multiplication converges at k=10. Now the ranking of the three siteshas changed to site 1, site 3, and site 2, as shown in Table 11, as a result of the feedback relations added.



Compared to the previous criteria weights of 0.540, 0.163, and 0.297, the final criteria weights of 0.437, 0.282, and 0.282 showmoderated differences among them.

Table 4: Comparison of alternative project sites in 

their performance on demand & competition

Alternatives

Site 1 Site 2 Site 3 Principal 

Eigenvector

Site 1 1 1/2 3 0.309

Site 2 2 1 5 0.581

Site 3 1/3 1/5 1 0.110

Table 3: Comparison of alternative project sites in 

their performance on plot conditions

Alternatives

Site 1 Site 2 Site 3 Principal 

Eigenvector

Site 1 1 3 1 0.429

Site 2 1/3 1 1/3 0.143

Site 3 1 3 1 0.429

Table 2: Comparison of alternative project sites in 

their performance on surroundings conditions

Alternatives

Site 1 Site 2 Site 3 Principal 

Eigenvector

Site 1 1 1/2 3 0.309

Site 2 2 1 5 0.581

Site 3 1/3 1/5 1 0.110
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Table 5: Initial super-matrix for the AHP example, W

Attributes

Overall 

Assessment

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Site 1 Site 2 Site 3

Overall 

Assessment

0 0 0 0 0 0 0

Surroundings 

Conditions

0.540 0 0 0 0 0 0

Plot Conditions 0.163 0 0 0 0 0 0

Demand & 

Competition

0.297 0 0 0 0 0 0

Site 1 0 0.309 0.429 0.309 1 0 0

Site 2 0 0.581 0.143 0.110 0 1 0

Site 3 0 0.110 0.429 0.581 0 0 1

Table 6: Limit super-matrix for the AHP example, W2

Attributes

Overall 

Assessment

Surroundings 

Conditions

Plot 

Conditions

Demand & 

Competition

Site 1 Site 2 Site 3

Overall 

Assessment 0 0 0 0 0 0 0

Surroundings 

Conditions 0 0 0 0 0 0 0

Plot Conditions

0 0 0 0 0 0 0

Demand & 

Competition 0 0 0 0 0 0 0

Site 1 0.3286 0.309 0.429 0.309 1 0 0

Site 2 0.3697 0.581 0.143 0.11 0 1 0

Site 3 0.3019 0.11 0.429 0.581 0 0 1

4. Conclusions



The AHP solution process begins with structuring a complex problem by decomposing it into a hierarchy to include all attribute elements reflecting the goals and concerns of the decision maker. The proposed model 

for ranking construction project alternatives is a hierarchy as shown in Figure 1, which is used as an illustrative example for site selection for terraced houses.



The elements are compared pair-wise using the same 1-9 scale to measure their relative importance, while the relative standing of each alternative with respect to each element is determined using the same scale.



There are three criteria at level 3: surroundings conditions refer to external physical environments including completeness of transport systems, access to public transports, availability of public facilities, plot 

conditions refer to suitability of plot shape and terrain as well as ground conditions for development, demand & competition refer to potential of, and threat to, respectively, sales for new housing in the area.



Table 1 gives the comparison matrix for the criteria in their influence on overall assessment as perceived by the developer, with the eigenvector showing that surroundings conditions have the greatest weight.



Tables 2, 3, and 4 gives the comparison matrices and eigenvectors for the three sites in their performance on each criterion: site1 is assessed as above-average in all three criteria, site 2 is assessed as excellent 

in surrounding conditions but poor in plot conditions and in demand & competition, site 3 is assessed as poor in surrounding conditions, but good to excellent in plot conditions and in demand & competition .



The overall priorities among the criteria and the overall score of each alternative can be aggregated by using two methods: 



Vector multiplication:



Limit matrix:



Create a 7 by 7 matrix Win which each row (and column) corresponds to each of the seven attributes in the hierarchy in Figure 1, and then insert all the four eigenvectors obtained above into their 

corresponding columns, resulting in an initial super-matrix, W, as shown in Table 5. Notice that at the right-bottom area, there is an identity sub-matrix for the three sites, to ensure the sum of every column is 1.



Raise the power of the matrix until the product of multiplication converges:



Table 6 (W2) contains the three’s total scores in the overall assessment column, showing that site 2 is rated the highest , because of its superior score in the most important criterion, surroundings conditions



The AHP allows only bottom-up, one-way influences in the hierarchy and cannot incorporate feedback and other dependency relations among the criteria and alternatives. 



As the generalized AHP method, the ANP method allows multi-direction relations among the elements and evaluates the impacts of all relations on the final assessment.



The proposed ANP model f for project site selection for housing development includes both the hierarchical relations between adjacent levels and the feedback relations between the criteria and alternatives for determining the 

ranking of alternative sites.



The model results in changes in the ranking of the sites from those produced by the AHP method due to the additional relations.



Because of the increased complexity, use of ANP for the site selection problem is only justified by situations where it is important to include such extra links in the analysis.



Assessing each of the project alternatives, e.g. different sites for development and different types of building, so as to identify the best for implementation is owners’ most important decision in the project planning stage. 



Existing assessment methods each have some problems: the net present worth method has difficulty in including intangible benefits and risks, the multi-attribute utility theory method has difficulty in determining criteria 

weights and utility functions, the analytic hierarchy process (AHP) method cannot incorporate feedback relations between criteria and alternatives. 



We proposes an improved model for assessing project alternatives using the analytic network process (ANP) method of Saaty (1996)as the generalized AHP method to include the feedback impacts absent from the 

analytic hierarchy process.



For illustrating our proposed model, three recent housing projects in Kaohsiung, Taiwan were used as hypothetical alternatives being considered by a medium developer.

where S

j

=site j’s total score; w

i

=criterion I’s weight; sji=site j’s score on criterion i.


以海報呈現的論文簡報

3、 心得及建議

澳洲整體而言，除了傳統的農、牧、礦業保持優勢外，目前經濟發展以服務業如營建、觀光、教育等較有成長，科技在一些領域亦頗為先進，而且普遍重視均衡及永續發展，保護生態環境不遺餘力，所見工程品質普遍較國內為佳，這些是他們的長處。但近年來澳元頗為強勢，而人工和物價都高漲，對其出口(含觀光)之國際競爭不利，已在吸引投資上見到衰退，且基礎建設似乎跟不上經濟和人口成長之需求，部分道路有擁塞現象，而拓寬工程施工緩慢，影響交通順暢和效率。因此建議台幣保持適度寬鬆，以維護我國之國際競爭力，以及國內交通建設應排除瓶頸，提昇效率。研討會中與會者之互動和研究交流大致如預期，但這樣課題廣泛的大型會議難免在整合意見和凝聚重點上會有所困難。
附錄
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SITE 1

SITE 2













level 1 (goal)

Level 2 (criteria)

level 3 (alternatives)

SITE 3



DEMAND & COMPETITION







OVERALL ASSESSMENT

PLOT CONDITIONS



SURROUNDINGS CONDITIONS







Table 10: Initial super-matrix for the ANP example, W

		Attributes		Overall Assessment		Surroundings Conditions		Plot Conditions		Demand & Competition		Site 1		Site 2		Site 3

		Overall Assessment		0		0		0		0		0		0		0

		Surroundings Conditions		0.54		0		0		0		0.6		0.2		0.5

		Plot Conditions		0.163		0		0		0		0.2		0.4		0.25

		Demand & Competition		0.297		0		0		0		0.2		0.4		0.25

		Site 1		0		0.309		0.429		0.309		0		0		0

		Site 2		0		0.581		0.143		0.11		0		0		0

		Site 3		0		0.11		0.429		0.581		0		0		0



Table 11: Limit super-matrix for the ANP example, W10

		Attributes		Overall Assessment		Surroundings Conditions		Plot Conditions		Demand & Competition		Site 1		Site 2		Site 3

		Overall Assessment		0		0		0		0		0		0		0

		Surroundings Conditions		0		0.4373		0.4377		0.4373		0		0		0

		Plot Conditions		0		0.2819		0.2822		0.2819		0		0		0

		Demand & Competition		0		0.2819		0.2822		0.2819		0		0		0

		Site 1		0.3431		0		0		0		0.3432		0.3432		0.3432

		Site 2		0.3254		0		0		0		0.3254		0.3254		0.3254

		Site 3		0.3328		0		0		0		0.3328		0.3329		0.3328



Table 9: Comparison of surroundings conditions, plot conditions, and demand & competition in their importance with respect to site 3

		Attributes		Surroundings Conditions		Plot Conditions		Demand & Competition		Principal Eigenvector

		Surroundings Conditions		1		2		2		0.500

		Plot Conditions		1/2		1		1		0.250

		Demand & Competition		1/2		1		1		0.250



Table 8: Comparison of surroundings conditions, plot conditions, and demand & competition in their importance with respect to site 2

		Attributes		Surroundings Conditions		Plot Conditions		Demand & Competition		Principal Eigenvector

		Surroundings Conditions		1		1/2		1/2		0.200

		Plot Conditions		2		1		1		0.400

		Demand & Competition		2		1		1		0.400



Table 7: Comparison of surroundings conditions, plot conditions, and demand & competition in their importance with respect to site 1

		Attributes		Surroundings Conditions		Plot Conditions		Demand & Competition		Principal Eigenvector

		Surroundings Conditions		1		3		3		0.600

		Plot Conditions		1/3		1		1		0.200

		Demand & Competition		1/3		1		1		0.200



2. The AHP model

3. The ANP model

Figure 1. Decision attribute hierarchy for the example site selection problem

1. Introduction 

Table 1: Comparison of surroundings conditions, plot conditions, and demand & competition in their importance on overall asessment

		Attributes		Surroundings Conditions		Plot Conditions		Demand & Competition		Principal Eigenvector

		Surroundings Conditions		1		3		2		0.540

		Plot Conditions		1/3		1		1/2		0.163

		Demand & Competition		1/2		2		1		0.297



The AHP assessment above is lop-sided due to domination of surroundings conditions, Based on the characteristics of the three sites, the developer decides to incorporate feedback relations in the model thus making it an ANP model.

Three more comparison matrices are produced for evaluating the relative importance of the three criteria with respect to site 1 (Table 7), site 2 (Table 8), and site 3 (Table 9). As shown in the obtained principal eigenvectors, varying weights for the three criteria are generated, reflecting the developer’s concerns for the weaknesses of each site and representing challenges to the superiority of each site.

As the initial super-matrix in Table 10 shows, the eigenvectors from Tables 7, 8, and 9 are inserted into their corresponding columns of the super-matrix, while the previous identity sub-matrix is deleted and everything else is retained.

The power of the matrix is then raised until the product of multiplication converges at k=10. Now the ranking of the three sites has changed to site 1, site 3, and site 2, as shown in Table 11, as a result of the feedback relations added.

Compared to the previous criteria weights of 0.540, 0.163, and 0.297, the final criteria weights of 0.437, 0.282, and 0.282 show moderated differences among them.

Table 4: Comparison of alternative project sites in their performance on demand & competition

		Alternatives		Site 1		Site 2		Site 3		Principal Eigenvector

		Site 1		1		1/2		3		0.309

		Site 2		2		1		5		0.581

		Site 3		1/3		1/5		1		0.110



Table 3: Comparison of alternative project sites in their performance on plot conditions

		Alternatives		Site 1		Site 2		Site 3		Principal Eigenvector

		Site 1		1		3		1		0.429

		Site 2		1/3		1		1/3		0.143

		Site 3		1		3		1		0.429



Table 2: Comparison of alternative project sites in their performance on surroundings conditions

		Alternatives		Site 1		Site 2		Site 3		Principal Eigenvector

		Site 1		1		1/2		3		0.309

		Site 2		2		1		5		0.581

		Site 3		1/3		1/5		1		0.110











Table 5: Initial super-matrix for the AHP example, W

		Attributes		Overall Assessment		Surroundings Conditions		Plot Conditions		Demand & Competition		Site 1		Site 2		Site 3

		Overall Assessment		0		0		0		0		0		0		0

		Surroundings Conditions		0.540		0		0		0		0		0		0

		Plot Conditions		0.163		0		0		0		0		0		0

		Demand & Competition		0.297		0		0		0		0		0		0

		Site 1		0		0.309		0.429		0.309		1		0		0

		Site 2		0		0.581		0.143		0.110		0		1		0

		Site 3		0		0.110		0.429		0.581		0		0		1



Table 6: Limit super-matrix for the AHP example, W2

		Attributes		Overall Assessment		Surroundings Conditions		Plot Conditions		Demand & Competition		Site 1		Site 2		Site 3

		Overall Assessment		0		0		0		0		0		0		0

		Surroundings Conditions		0		0		0		0		0		0		0

		Plot Conditions		0		0		0		0		0		0		0

		Demand & Competition		0		0		0		0		0		0		0

		Site 1		0.3286		0.309		0.429		0.309		1		0		0

		Site 2		0.3697		0.581		0.143		0.11		0		1		0

		Site 3		0.3019		0.11		0.429		0.581		0		0		1



4. Conclusions

The AHP solution process begins with structuring a complex problem by decomposing it into a hierarchy to include all attribute elements reflecting the goals and concerns of the decision maker. The proposed model for ranking construction project alternatives is a hierarchy as shown in Figure 1, which is used as an illustrative example for site selection for terraced houses.

The elements are compared pair-wise using the same 1-9 scale to measure their relative importance, while the relative standing of each alternative with respect to each element is determined using the same scale.

There are three criteria at level 3: surroundings conditions refer to external physical environments including completeness of transport systems, access to public transports, availability of public facilities, plot conditions refer to suitability of plot shape and terrain as well as ground conditions for development, demand & competition refer to potential of, and threat to, respectively, sales for new housing in the area.

Table 1 gives the comparison matrix for the criteria in their influence on overall assessment as perceived by the developer, with the eigenvector showing that surroundings conditions have the greatest weight.

Tables 2, 3, and 4 gives the comparison matrices and eigenvectors for the three sites in their performance on each criterion: site 1 is assessed as above-average in all three criteria, site 2 is assessed as excellent in surrounding conditions but poor in plot conditions and in demand & competition, site 3 is assessed as poor in surrounding conditions, but good to excellent in plot conditions and in demand & competition .

The overall priorities among the criteria and the overall score of each alternative can be aggregated by using two methods: 

Vector multiplication:



Limit matrix:

Create a 7 by 7 matrix W in which each row (and column) corresponds to each of the seven attributes in the hierarchy in Figure 1, and then insert all the four eigenvectors obtained above into their corresponding columns, resulting in an initial super-matrix, W, as shown in Table 5. Notice that at the right-bottom area, there is an identity sub-matrix for the three sites, to ensure the sum of every column is 1.

Raise the power of the matrix until the product of multiplication converges:



Table 6 (W2) contains the three’s total scores in the overall assessment column, showing that site 2 is rated the highest , because of its superior score in the most important criterion, surroundings conditions

The AHP allows only bottom-up, one-way influences in the hierarchy and cannot incorporate feedback and other dependency relations among the criteria and alternatives. 

As the generalized AHP method, the ANP method allows multi-direction relations among the elements and evaluates the impacts of all relations on the final assessment.

The proposed ANP model f for project site selection for housing development includes both the hierarchical relations between adjacent levels and the feedback relations between the criteria and alternatives for determining the ranking of alternative sites.

The model results in changes in the ranking of the sites from those produced by the AHP method due to the additional relations.

Because of the increased complexity, use of ANP for the site selection problem is only justified by situations where it is important to include such extra links in the analysis.

Assessing each of the project alternatives, e.g. different sites for development and different types of building, so as to identify the best for implementation is owners’ most important decision in the project planning stage. 

Existing assessment methods each have some problems: the net present worth method has difficulty in including intangible benefits and risks, the multi-attribute utility theory method has difficulty in determining criteria weights and utility functions, the analytic hierarchy process (AHP) method cannot incorporate feedback relations between criteria and alternatives. 

We proposes an improved model for assessing project alternatives using the analytic network process (ANP) method of Saaty (1996) as the generalized AHP method to include the feedback impacts absent from the analytic hierarchy process.

For illustrating our proposed model, three recent housing projects in Kaohsiung, Taiwan were used as hypothetical alternatives being considered by a medium developer.

where Sj=site j’s total score; wi=criterion I’s weight; sji=site j’s score on criterion i.
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