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	1、 參加會議經過

本次於韓國首爾舉辦之"1st International Conference on Construction Engineering and Management” 議程共分四日，第一日(16日)晚上為辦理報告手續及領取書面文件，第二日(17日)以後則為正式開幕及進行相關學術報告。
17日上午為開幕演講，其後的議程內容如下：

(1) Session 1-A (13:30~15:00)：主題為營建專案管理(Project Management)。
(2) Session 1-B (13:30~15:00)：主題同Session 1-A。
(3) Session 1-C (13:30~15:00)：主題為營建法令規範(Legal Systems for Construction)。
(4) Session 1-D (13:30~15:00)：主題為營建專案管理之國際及全球化議題(International and Global Issues In Construction Project Management)。
(5) Session 2-A (15:20~17:05)：主題為營建產業自動化及資訊科技應用(Information Technology in Construction / Automation and Robotics in Construction)。
(6) Session 2-B (15:20~17:05)：主題同Session 2-A
(7) Session 2-C (15:20~17:05)：主題為營建業設計及工程管理(Design and Engineering Management)。

(8) Session 2-D (15:20~17:05)：主題為營建生產力之改善( Construction Productivity Improvement)。

(9) Session 2-E (15:20~17:05)：主題為營建爭議處理(Claim and Dispute Resolution)。
18日上午為來賓演說，下午開始之議程內容如下：
(1) Session 3-A (13:30~15:00)：主題為營建專案管理(Project Management)。
(2) Session 3-B (13:30~15:00)：主題同Session 3-A。

(3) Session 3-C (13:30~15:00)：主題為營建業之成本、時程規劃及品質管控的議題(Cost, Schedule and Quality Control)。
(4) Session 3-D (13:30~15:00)：主題為營建工程與管理之發展現況(State-of-the-Art in Construction in Engineering and Management)。
(5) Session 3-E (13:30~15:00)：主題為營建專案管理之國際及全球化議題(International and Global Issues In Construction Project Management)。
(6) Session 4-A (15:20~17:20)：主題為營建業之成本、時程規劃及品質管控的議題(Cost, Schedule and Quality Control)。
(7) Session 4-B (15:20~17:20)：主題為營建產業之教育及訓練議題(Construction Education and Training)。

(8) Session 4-C (15:20~17:20)：主題為營建專案交付體系(Project Delivery Systems)。

(9) Session 4-D (15:20~17:20)：主題為營建產業自動化及資訊科技應用(Information Technology in Construction / Automation and Robotics in Construction)。


	2、 個人報告之論文簡述：

題目：A CP-BASED OPTIMIZATION MODEL FOR CONSTRUCTION       RESCHEDULING PROBLEMS
營建專案的排程規劃與營建專案成功與否有極大的關係，規劃階段中的排程問題的討論不勝枚舉，但是在專案進行期間的重排程問題卻少有人探討。營建專案面臨專案工期長、環境變化大等特點，實際進度與排程進度不符的情形相當常見，無論是進度超前或落後，都不應是專案規劃者所樂見的，利用重排程理論積極地規劃後續未完成的作業，使專案能在合理的成本下如期完工，是專案規劃者必須考量的，故本研究針對營建業的排程環境，討論關於重排程的適用性、重排程環境以及可能適用的方法，並藉由可能造成重排程的常見問題，建立重排程架構。本研究使用限制規劃(constraint programming)為排程問題最佳化之工具，在有限資源的排程環境下，針對已知初始排程結果以及實際工作進度的情況下進行重排程，主要以專案的總成本為最佳化目標，並考慮三類作業形式：已完成作業、進行中作業、未完成作業；排程策略方面，考慮完全重排、部份排程以及資金限制下最短工期的排程方式，初步探討營建專案重排程模式的基本架構，並建立重排程最佳化機制流程，最後，本研究使用C++程式語言建立重排程最佳化引擎。

3、 考察參觀活動
19日之行程為韓國首爾之營建工程參訪，主要為清溪川整治專案(Cheonggyechun Restoration Project)。
清溪川位於馬路平面之下，整條步道長達6公里，是由目前首爾市長將原本高架橋拆除後所還原，於今年10月初才正式啟。執行專案的二年內相關單位共開了上千次協調會  市長本人參與700多次，並在原有的市府預算內，將當地的舊店面遷到東大門體育場旁，提升了首爾市中心的繁榮及生活品質。
其它相關資訊：
1958年在漢城市重建過程中，清溪川在沒有經過治理的情況下被水泥板所覆蓋。1978年，在韓國經濟起飛的年代，在被覆蓋的清溪川上建起了四車道高架橋高速公路，公路上車輛川流不息，日車流量達12萬。商家們很快就在這條繁忙的公路附近建立了幾大市場，設置了近千家攤位，形成了著名的服裝、鞋帽、日用百貨集散地。作為“現代化”的象徵，一時間被韓國人引以為自豪。

但是，好景不長。巍然矗立的高架橋成了首爾的一塊致命傷，不僅破壞了市中心的美感，而且還污染了環境。高架橋上的堵車，噪音和濃烈的尾氣，讓兩側的商家和居民不堪忍受，也讓市民對高架橋兩側的商家和店鋪望而卻步，致使該地區一片蕭條。 
 2002年首爾市市長李明博走馬上任後，立即提出了拆除高架橋修復清溪川的計畫。2003年7月1日，首爾市政府斥資3700多億韓元，約合3.6億美元，開始了修復清溪川的工程。在短短的2年零3個月中，工程技術人員和工人們拆除了長達5.9公里的清溪川混凝土高架橋，打開了覆蓋在河道上的水泥板，清除了河床長年淤積的污泥濁水，修建了流經市內的5.8公里長的清溪川護堤。



	由於長期乾涸，清溪川已經斷流。工程人員又設法從漢江取水，經沉澱過濾後，再通過泵站將水送入清溪川河道，最後再流入漢江。但是，這一工程並不是對清溪川的簡單復原。首爾市政府是以全新的理念來營造以人和自然為中心的城市綠色空間。修復工程人員在河中種植了蘆葦等很多水邊植物，在岸兩旁種植了許多花草並堆砌了造型各異的石頭，並在堤邊修建了文化牆，把清溪川變成了一條文化長廊。首爾市政府還對周邊地區環境進行了綜合治理。在清溪河道上架設了21座連通南北、各具特色的橋樑，把沿岸附近的各類風味小吃都聯接起來。 

    目前，修復清溪川的效果已經顯現。在今年7月進行的清溪川通水試驗時，其平均氣溫要比首爾低3.6度。而在復原前，清溪川高架橋一帶的氣溫比首爾的平均氣溫高5度以上。另外，清溪川一帶的平均風速比去年同期快了50%左右，空氣顯得清新了許多。與此同時，清溪川工程的經濟效益也已逐步顯現，周邊的房價、地價開始飆升。首爾市政開發研究院的一份研究報告顯示，與投資相比，產出效益將達59倍。而且還會在全國產生23.78萬億韓元生產和附加值效果，解決首爾24.4萬個就業崗位。報告預計每年遊覽清溪川的外國遊客人數將達到200萬~300萬名。
4、 攜回資料名稱及內容：

(1) 研討會議程表及各論文摘要(Final Program and Abstract Book)。
(2) 研討會論文全文光碟。

(3) 研討會參與人員名單及相關資料(Participants list)。

(4) 韓國各大建設公司之經營內容及組織概述。

(5) 韓國首爾市內之主要建築工程及古蹟說明文件。
5、 報告論文全文
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ABSTRACT : It is essential for project managers to make schedule adjustment based on their professional experience, in terms of rescheduling action discussed in this paper.  This paper discusses the topics of resource-constrained construction rescheduling by modifying the concepts of manufacturing rescheduling.  Moreover, the influence factors of construction rescheduling problems are investigated and identified in this paper.  According to initial schedule plan and present progress, a new rescheduling mechanism based on Constraint Programming (CP) techniques is developed to reschedule projects with the objective of minimizing total project cost or duration, under three rescheduling policies.  Through case study, the behavior of three different rescheduling policies is analyzed and discussed in this paper.

Keywords : Construction scheduling, Resource-constrained project scheduling, Rescheduling, Constraint programming

1. Introduction
The rescheduling concept is first proposed and implemented in manufacturing industry, aiming at the purpose for executing quick response under diversified production environment.  In general, any unexpected single accident such as machine failure will influence all the production line.  The major topic of rescheduling issues is to discuss how to rearrange activities in order to adapt to the changing environment, and minimize the corresponding impact on initial schedule.  Such rearrangement must respond immediately to diminish the impact on project progress.  Contrary to manufacturing industry, the characteristics of construction scheduling environment contain more complicated factors such as environmental and productivity issues that make initial schedule difficult to maintain.  However, though the needs for construction schedule updating and controlling are huge, very few research have been done in the domain of construction rescheduling problems.  The paper tries to adapt the structure of rescheduling theory for the application in resource-constrained construction project scheduling problems.  Several findings are presented and analyzed in this paper.

2. Prior research related to construction rescheduling issues

Hegazy [1] proposed a GA-based optimization model and critical chain concept in construction project control stage is involved.  According to the concept of critical chain, some unforeseen risks throughout the whole project are included in a project buffer.  This buffer in terms of project duration extension is divided into three stages to distinguish the situation of project delay, and then evaluate the timing for corrective action based on stage status.  The main goal of this research focuses on how to construct practical schedules prior to construction, and modify schedules during construction.  However, the concept of project controlling mechanism in this prior research is conceptually different to the rescheduling concept illustrated in this paper.

In manufacturing industry, Wu[2] proposed a manufacturing rescheduling structure, including definition of types of rescheduling, rescheduling strategy, and rescheduling procedures.  Moreover, Bo[3] tried to estimate the impact of machine failure on production lines, and propose a concept of the trigger value that is a critical value to evaluate the timing of rescheduling due to machine failure.  Haldun[4] tried to re-define scheduling and rescheduling concept based on prior research.

Comparing other industries, construction scheduling environment constitutes more uncertainties, for example, relatively long duration, subcontracting behavior, etc.  Therefore, how to control construction project schedules and maintain project progress with rescheduling concept becomes the objective of this paper.

2.1 Schedule updating and rescheduling

Schedule updating is not a new idea in construction, and usually performed for the purpose of project progress control during construction phase.  Moreover, Schedule updating is a key index for evaluating project performance.  Several tasks of schedule updating during construction include: 1. Compare the initial schedule with current project progress. 2. Find out all activities that are delayed at present. 3. Identify responsibility of those delays. 4. Based on actual work progress, forecast and modify projected work progress.

In order to clearly define the scope of this study, the distinction between schedule updating and rescheduling is illustrated as shown in Figure 2.
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Figure 1. Distinction of schedule updating and rescheduling

2.2 Rescheduling environment
The definition of rescheduling concept can be illustrated as follows: based on an initial schedule that is feasible under original scheduling conditions, while any influence factor occurs and results in conflicts in the initial schedule, corrections are then executed to adjust initial schedule and diminish the impact on initial schedule due to those influences.  In this paper, corrections are derived and suggested based on the optimized result.

In general, there are two types of rescheduling environment in relation to rescheduling issues, depending on the predictability of task requirement, defined as follows: 1. static scheduling environment, which contains finite jobs, for example, construction projects or any project-based environment; 2. dynamic scheduling environment, where job quantity is assumingly unlimited, depending on customer orders, like manufacturing and service businesses.

Regarding rescheduling environment, rescheduling decisions are less complicated in construction projects than those in manufacturing production.  Consequently, rescheduling concept should be easier to be implemented in construction.  Besides, referring to the management goal in planning issues, rather than forecasting order quantity in manufacturing, risk assessment for construction projects during construction is relatively important in construction.  Therefore, periodic rescheduling based on updated progress information should be applicable in construction.

2.3 Rescheduling factors

Comparing manufacturing production, there are several differences of rescheduling factors in construction, shown as follows: 1. Resource uniqueness.  Manufacturing production mainly depends on machine operation.  As a consequence, the shortage of machine resources such as machine failure will lead to unbalanced schedule.  In construction, the supply sources of critical resources are usually diversified, and outsourcing options are available at most times, 2. Operational environment.  Comparing the fact where manufacturing operations proceed in factories, construction operations are significantly influenced by many external factors such as weather, resource productivity, and change order.  Therefore, it implies that the influence of rescheduling factors in construction that is not elaborated in this paper requires more attention, comparing those in manufacturing.

2.4 Rescheduling procedure

According to the research by Wu [2], three stages are involved in the execution of rescheduling actions, shown as Figure 1, and illustrated as follows:
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Figure 2. Rescheduling procedure [2]

(1) Stage 1: Schedule impact evaluation 
While an unexpected event occurs, the impact on initial schedule should be immediately evaluated.  Two situations are needed to be considered as follows: 1. If the impact judged by planners’ experience is too great in an unacceptable shape, the procedure should go to stage 2 for rescheduling action.  2. The impact can be ignored if it is acceptable.

(2) Stage 2: Rescheduling plan
A feasible rescheduling plan for removing the impact from rescheduling factors is constructed in this stage.  It is the most difficult part in resolving rescheduling issues.

The rescheduling strategies are divided into two categories as follows: dynamic scheduling and forecast-respond strategies.  The dynamic scheduling strategy assigns tasks by assignment heuristics and pull mechanism, depending on the information obtained in a real-time environment.  The forecast-respond strategy is the most common strategy that produces an initial schedule and modifies it periodically or depending on an event-triggered basis.  

In general, three types of rescheduling policies are involved in solving rescheduling problems, shown as follows: 1. Right shifting.  Postponing all tasks that can be postponed to release time for remedying the accidents, until all issues are resolved.  2. Partial scheduling.  Rescheduling only the tasks that are impacted and maintaining the least overall project fluctuation, compared with initial schedule plan.  It is also the main rescheduling policy in this study.  3. Full rescheduling.  Producing a new schedule with the optimal solutions with respect to different objectives, regardless of the fluctuation of each activity.  Though the objectives for these three policies are different, all of them aim for modifying the original schedule based on the real-time information.

(3) Stage 3: Corrective action 

This stage focuses on the realization of optimized rescheduling plan that is generated in stage 2.  When a new schedule can be accepted, the mission of rescheduling procedure is ended.  Otherwise, recursively generate new rescheduling plans to modify schedule till a feasible plan is acceptable.

3. Schedule updating

3.1 Initial schedule

This paper does not focus on how to build and optimize the initial schedule, since this topic is not in the scope of this study, as long as the initial schedule is feasible under resource-constrained scheduling environment.  However, the effort for finding initial construction project schedule may refer to Shih’s work [6], which developed a scheduling optimization model for solving resource-constrained construction project scheduling problems, based on CP techniques.  Therefore, given a known initial schedule, the project information including start time, duration, resource requirement, and direct cost for each activity are recognized.

3.2 Schedule updating

Considering rescheduling demand, schedule updating should focus on information updating mechanism that truly reflects real situation of project progress. All updating and rescheduling actions are executed in four types of activities shown as follows:

(1) Finished activity:

For finished activities, they are removed from rescheduling activity list, and the information regarding actual work progress and expense are retained for schedule impact evaluation.  In other words, the observation of examining the finished activities performed as of the initial schedule or not, needs to be conducted.  If the inconsistency is discovered, the causes that might be due to environmental factors or incorrect productivity assessment need to be investigated.  The corresponding impacts on the succeeding activities or projected work progress can then be evaluated, and rescheduling plan can be established. 

(2) In-progress activity 

It is more complex than other types of activity for dealing with in-progress activities.  Because they may be the key reason of why rescheduling is needed.  In general, the in-progress activities can be grouped into two categories: splitting and non-splitting activities.  Planners can determine if an in-progress activity can be split based on their knowledge of activity characteristic and projected work progress.  When splitting is not allowed once in-progress activities start, the resources already assigned to them cannot be released, and such condition is described as shown in Eqn 1.  On the contrary, when splitting is allowed, in-progress activities may be spilt but not required at the rescheduling examination time, and the assigned resources can be released for other higher priority activities that may have not started yet but “being critical”, according to rescheduling mechanism.  Eqn 2 represents such condition. 

ASi = T          (1)

ASi ≧ T         (2)

Where

T is rescheduling examination time, ASi is the start time for the portion of in-progress activity i not been completed at time T, and i belongs to in-progress activity set I

(3) Activity being scheduled

As for rescheduling issues, the most important task is the rearrangement for the activities being scheduled, complying with different objectives.  However, such rearrangement will produce a new schedule that may cause great influence on all remaining activities and participators in the project.  Thus, how to minimize overall project fluctuation, compared with initial schedule plan, is crucial for ensuring a feasible and practical scheduling plan.  Therefore, the concept of partial scheduling is adopted for achieving the goal mentioned above in the proposed model. Moreover, partial scheduling also satisfies the needs for construction project scheduling involving lots of subcontractors.  The following equations illustrate the constraints for representing start times for activities being scheduling.

ASi = OASi         (3)

Di = ODi           (4)

Where

OASi is the start time for activity i in initial schedule,  Di is the start time for activity i, ODi is the duration for activity i in initial schedule, and i belongs to set I of activity being scheduled.

(4) New activity

New activities may be added to scheduling plan due to change orders during construction.  Therefore, the flexibility of the proposed rescheduling model is honored for providing planners the capability of considering activity addition impact on initial schedule.

3.3 Productivity modification and activity duration adjustment

By examining the reasons for causing activity delays, productivity modification is needed for correction, if incorrect assessment of productivity for specific resources is identified for the cause.  Therefore, productivity modification and activity duration adjustment can be conducted through Eqn 5.  However, if the delay reason is due to learning curve behavior in construction operations, only activity duration adjustment needs to be done through Eqn 6.

Di = ceil [ODi × (1－PAi) × (ADi ÷ ODi) ÷ PAi]   (5)

Di = ODi － ADi      (6)

Where 

PAi is the completion percentage of activity i, ADi is actual proceeding days for activity i.

4. Network-level rescheduling optimization process

Figure 3 shows the schedule updating and rescheduling optimization process in proposed model.
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Figure 3. Schedule updating and rescheduling optimization process

After schedule updating finishes, all of activities in-progress and being scheduled are included in a rescheduling activity list.  First, rescheduling process begins with the optimization of total cost minimization by constraining all rescheduling activities to initial schedule.  If an optimal solution is achieved, the whole process ends and generates solution output.  However, along with the great possibility of no single solution found, the process takes the activities in-process and any activity being scheduled without preceding activities as first-level activities, and their successors as second level, and so on.  Then the optimization operations execute recursively level by level for finding feasible solutions (Figure 4), by releasing rescheduling activity constraints bounded to initial schedule, until all constraints of all levels of rescheduling activities are released.  Therefore, once the constraints for the activities in the last level are released, an optimal solution is guaranteed.  Through the rescheduling optimization process described above, the multi-objective goal of minimizing project total cost and maintaining the least overall project fluctuation can be achieved.  
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Figure 4. Constraint release mechanism through recursive optimization operations

5. Case Study 

The example project from Leu[5] is adopted and modified in the proposed model for rescheduling illustration, and the information is shown as in Table 1 and Table 2: 

Table 1. Example project information
	Act.
	Dur.
	Demand of resource 1
	Demand of resource 2
	Demand of resource 3

	A
	50
	5
	4
	5

	
	60
	3
	4
	5

	B
	90
	4
	5
	2

	C
	120
	4
	6
	6

	
	130
	3
	6
	5

	D
	150
	5
	2
	4

	E
	120
	1
	5
	6

	
	130
	1
	5
	4

	
	140
	1
	5
	2

	F
	160
	6
	4
	4

	
	170
	5
	3
	3

	
	180
	4
	2
	2

	
	190
	3
	1
	1

	G
	130
	3
	3
	6

	
	140
	3
	2
	5

	H
	70
	6
	4
	3

	
	80
	6
	3
	2

	I
	90
	5
	5
	5


Table 2. Cost and resource limit information
	Indirect cost
	2000 ($ / day)

	Unit cost of resource 1
	500

($ / unit)
	
	Daily limit
	10

	Unit cost of resource 2
	400

($ / unit)
	
	Daily limit
	10

	Unit cost of resource 3
	300

($ / unit)
	
	Daily limit
	10


The initial schedule with resource constraints is generated through the total cost optimization model developed by Shih[6], where the optimized total cost is $5640000 and the associated project duration is 630 days, as shown in Table 3, and the detailed optimization operation is not elaborated here.

Table 3. Initial schedule plan

	Act.
	Dur.
	Start time
	
	Act.
	Dur.
	Start time

	A
	50
	0
	
	F
	190
	140

	B
	90
	50
	
	G
	140
	330

	C
	130
	200
	
	H
	70
	470

	D
	150
	50
	
	I
	90
	540

	E
	140
	330
	
	
	
	


Assuming the project proceeds to the 120th day, and the total expense to this day is $700,000.  Activity A is already finished.  Activity B is in-progress, which has completed 90 percents of work and is ahead of schedule, so duration adjustment is not required.  Activity D is in-process, which has only completed 42 percent of work and is behind schedule, needs productivity modification and duration adjustment.  According to Eqn 5, the remaining duration for activity D is adjusted to 97 days.  All other activities are not started yet.

As mentioned before, the detailed comparison of three rescheduling policies in proposed model are listed in Table 4, respectfully. 

Table 4. Comparison of three rescheduling policies

	Rescheduling policy
	Full rescheduling
	Rescheduling under project budget limitation
	Partial rescheduling

	Characteristic
	Total cost control
	Total time control
	Aiming for diminishing overall schedule variation

	Objective
	Minimize total cost
	Minimize project duration
	Minimize total cost

	Special constraint
	None
	Budget limitation
	Constraint release mechanism


Case analysis for different rescheduling policies is conducted based on the optimized results, and illustrated as follows: 

Case 1
Full rescheduling regardless of the fluctuation of each activity.  Table 5 shows the optimized schedule with total cost $5482900 and the associated project duration 647 days.  Compared with initial schedule shown in Table 3, the new schedule of this case is totally changed for all rescheduling activities.  This result implies that the goal of total cost minimization without schedule variation consideration generally results in the disorder for initial schedule adjustment.

Table 5. Rescheduling result of case 1
	Act.
	Dur.
	Start time
	
	Act.
	Dur.
	Start time

	B
	9
	120
	
	F
	190
	129

	C
	130
	217
	
	G
	140
	319

	D
	97
	120
	
	H
	70
	487

	E
	130
	347
	
	I
	90
	557


Case 2: 
Rescheduling subject to project budget limitation.  Table 6 shows the optimized schedule with project duration 627 days and the associated total cost $5531900.  Compared with the project duration of case 1, the overall project duration of this case is 20 days shorter than that in case 1.  Moreover, the same behavior as that in case 1 regarding schedule variation issue can be observed.

Table 6. Rescheduling result of case 2

	Act.
	Dur.
	Start time
	
	Act.
	Dur.
	Start time

	B
	9
	120
	
	F
	190
	129

	C
	120
	217
	
	G
	140
	337

	D
	97
	120
	
	H
	70
	467

	E
	130
	337
	
	I
	90
	537


Case 3: 

Partial schedule. Table 7 shows the optimized schedule with total cost $5537900 and the associated project duration 630 days.  The optimization process is described as follows: according to constraint release mechanism in proposed model (Figure 4), rescheduling activities can be grouped into three levels.  The first level contains activity B, D, and F; second level C, E, and G; final level H and I.  After two levels of recursive optimization processes, an optimal solution is found.  It means that the initial schedule constraints for activity H and I are retained.  Compared with initial schedule shown in Table 3, overall project duration and the schedule for activity H and I in this case are insured.  However, in order to diminish the schedule variation for each rescheduling activity, a trade-off may be compromised for such goal.  It can be observed from the comparison of case 1, 2 ,and 3, where the total cost in this case is more than that in case 1; the project duration is longer than that in case 2.

Table 7. Rescheduling result of case 3

	Act.
	Dur.
	Start time
	
	Act.
	Dur.
	Start time

	B
	9
	120
	
	F
	190
	129

	C
	120
	217
	
	G
	140
	477

	D
	97
	120
	
	H
	70
	470

	E
	130
	467
	
	I
	90
	540


6. Conclusion

This paper proposes a rescheduling optimization model for construction projects, including schedule updating, productivity modification, and a recursive optimization process.  Schedule updating procedures considering the scheduling behavior of four types of activities are discussed in this paper.  In order to diminish overall project variation, a network-level rescheduling optimization process is established in the proposed model.  Moreover, considering different perspectives of rescheduling issues, three rescheduling policies are conducted and analyzed as follows: (1) full rescheduling, (2) rescheduling subject to project budget limitation, (3) partial rescheduling. 

Based on the results from case study, the complexity of construction rescheduling issues is then identified.  Depending on different management goals of rescheduling policies, the realization of new schedules through the proposed rescheduling optimization process requires a trade-off.  Such trade-off in time or cost can exchange for a “steady” schedule, and more research efforts should be done for the clarification of this trade-off problem in the future, from the perspective of dynamic project control.
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