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摘要 
    本論文主要研究的主題有兩部分，第一個部份是針對隨機性專案網路，在專案內

所有的作業時間均為隨機變數之情況下，發展出一有效率之演算法，估算專案網路完成

時間之機率密度函數(Probability Density Function, pdf)。第二個部份同上述的條件及環

境下，針對大型專案網路，執行專案作業之最佳資源分配，以期得到專案最小的總成本。 
    在確定性的專案網路環境中，每一個專案作業時間均為固定值，因此利用關鍵路徑

法(Critical Path Method, CPM)，可以直接且容易的將專案完成時間計算出來。然而在現

實的環境中，專案作業時間會因內、外在因素之影響而產生變化，故應視為隨機變數，

因此專案的完成時間亦必然為一隨機變數，其機率分配值並不容易估算。對於專案者管

理而言，掌握專案的完成時限是非常重要的決策項目之ㄧ，因為與專案相關之其它問

題，包括專案排程問題、最佳化資源投入問題、專案成本分析及專案風險評估等問題，

均須以專案完成時間作為參考之基礎。 
    本論文對於專案執行環境及條件之要求，除考慮其隨機性外，另要求專案作業之機

率分配不得侷限於某特定的機率型態；所發展出來的演算法，必須能有效率的在大型的

專案網路中執行。一般的文獻針對於此條件要求，所提出之估算方法均會承受大量的計

算負擔，並無實際應用之效果。故本研究擬以離散式技術(Discretization technique)取代

一般數理分析方式，執行專案完成時間之估算。然而利用該技術的同時，須克服下述兩

個問題：首先要發展出一演算機制，使專案完成時間之估算能夠有系統且精確的進行，

並要求在合理的時間內完成；另一須克服之問題，就是將專案網路各路徑間相依的問題

納入考慮，因路徑間相依之因素，會造成專案完成時間估算之誤差。基於此，本論文提

出兩種估算專案完成時間機率分配之演算法： 
1. 標籤修訂追蹤演算法(Label-Correction Tracing Algorithm, LCTA)。 
2. 區域積分演算法(Marginal Integration Algorithm, MIA)。 
    本論文主題的第二個部份是針對隨機性專案網路，如何決定每一專案作業之最佳資
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源投入(Optimal Resource Allocation)量。專案作業之資源投入會減少專案的完成時間，

減少專案因超過時限所產生的懲罰成本之機率，但同時亦會增加專案資源使用成本。因

此專案管理者必須在這兩種成本間做權衡，對專案作業資源投入量作最佳的決策，以期

求出最低的專案總成本。本論文擬以前述所發展出之 LCTA 為基礎，並以啟發式演算法

(磁場機制演算法及基因演算法)為決策之工具，求解專案作業最佳化資源投入量。該問

題亦可透過專案路徑關鍵指標(Path Critical Index, PCI)及作業關鍵指標(Activity Critical 
Index, ACI)之計算，來做為資源投入分析之參考，亦是本論文後續之研究目標。 

 
關鍵辭：隨機性專案網路、專案資源分配、專案網路完成時間、關鍵路徑、 

        計畫評核術 
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Abstract 
In this study, I focus myself on two major topics. First, I propose efficient approaches to 

determine the probability density function (pdf) of the completion time of a project when the 
durations of the activities are random variables. Second, I would like to solve the resource 
allocation problem for large-size stochastic projects (i.e., those projects with the durations of 
its activities being random variables). 

When the durations of all the activities are constants, project managers may easily 
calculate the project completion time by the well-known Critical Path Method (CPM). 
However, the duration of an activity is a random variable for most of the cases in the real 
world, and obviously, the project completion time turns to be another random variable. 
Facing such a challenge, project managers should pay serious attention to monitor the 
uncertainty involved in stochastic projects. Project managers are highly interested in 
obtaining the pdf of the project completion time because it provides full insights into the 
randomness of the completion of the project so that project managers would have the basis 
for many subsequent decisions such as planning, budgeting, risk analysis and scheduling, etc. 

For large-size stochastic projects with general types of pdf for the duration of activities, 
the project managers must turn to the techniques of discretization since the other approaches 
in the literature become too demanding in computational loading. In this study, we find that 
there are two problems when applying the techniques of discretization to obtain an 
approximated pdf of the project completion time. Namely, first, there exists neither exact data 
structure nor systematic scheme for the computer programming when applying the techniques 
of discretization; and second, error may arise from assuming independency between 
sub-paths in the activity network. Therefore, we are motivated to propose the following two 
approaches to improve the techniques of discretization. 

1. The Label-Correction Tracing Algorithm(LCTA) 

2. The Marginal Integration Algorithm(MIA) 
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The major concern of my second topic, i.e., the Resource Allocation Problem in 
Stochastic Projects, is to determine the amount of the resource allocated to each activity. 
Project managers may allocate more resources to shorten the durations of the activities to 
expedite the project to avoid possible tardiness penalty cost from delay. However, such a 
move increases the total resources usage costs. Therefore, project managers need efficient 
decision-support tools to deal with the trade-off relation between the total costs incurred from 
the resource usage and the tardiness penalty of the project. We are motivated to propose new 
approaches based on meta-heuristics (e.g., electromagnetism algorithm and genetic 
algorithms) and/or the Path Criticality Index and the Activity Criticality Index in the 
stochastic project for the futhur researches.  

 

Key words : Stochastic Project, Resource Allocation, Project Completion Time, Critical 
Path, PERT 
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