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Abstract. We have developed a software tool: PPMT (Project Planning and Management Tool) that models a software development project. PPMT allows the software manager to estimate the cost, effort and schedule for software projects. PPMT successfully combines the features of the techniques COCOMO II (Constructive Cost Model) and PERT (Project Evaluation and Review Technique). PPMT is novel in reconciling the sequence oriented model underlying PERT and the financially oriented estimates given by COCOMO II. PPMT allows the planner to reflect the specific constraints on the duration of the project in the estimated schedule which cannot be done by using estimation models like COCOMO II alone.  Software developers input time spent on activities and milestones achieved. PPMT uses MySQL to store the project data and provide up-to-date project status reports. IBM laboratories in the UK have tested PPMT contributing to its evolution towards successful application in industry. PPMT is online software, available on the Internet. PPMT is platform independent deployable on Windows and UNIX operating systems.
1 Introduction
   Organizations are developing software in new ways. New approaches are evolutionary, schedule-driven and collaborative software processes, commercial off-the-shelf (COTS) and reuse-driven. The new approaches can provide better software quality and reduced software cost, effort and duration. However, some of the existing software cost models e.g. Constructive Cost Model (COCOMO) [1] and Software Life Cycle Management (SLIM) [4] have not properly matched some aspects of these new approaches. This can make it difficult for organizations to plan and manage projects [2]. A method combining Program Evaluation and Review Technique PERT [3] and COCOMO II, two well known techniques, to plan and manage projects, can give better support for new software engineering approaches. During the early stages of software projects, PPMT assists managers in planning the projects and identifying critical paths, giving the estimated duration of the project. In addition to this PPMT estimates the duration and effort for the project using COnstructive COst MOdel II (COCOMO II). As the software project progresses, the software engineers working on the project record time spent and any deliverables delivered. As the tasks are completed, PPMT has an extra feature of providing cost and duration for the rest for the project thus providing the software manager with up-to-date project status.
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Fig. 1. Users and Output of PPMT

2 Design

PPMT combines the important features of two classes of process model. The first class is that of Cost modelling.
The significant features of the models contributing to PPMT are:
SLIM (Software Life Cycle Management)

· Estimates are extremely sensitive to the technology factor 
· Not suitable for small projects 
COCOMO 81 (Constructive Cost Model 81)

· Does not adjust for software reuse and reengineering where automated tools are used for translation of existing software
· Does not support other new software development practices.
COCOMO II (Constructive Cost Model II)
· Adjusts for software reuse and reengineering where automated tools are used for translation of existing software.
· Supports other new software development practices.
· COCOMO II is an open model.
The five scale drivers common to COCOMO and PPMT are: Precedentedness, Development Flexibility, Architecture / Risk Resolution, Team Cohesion and Process Maturity. 

PPMT inherits from COCOMO II the 17 cost drivers and the underlying duration equation to calculate the staffing pattern for a software project
Effort = 2.94 * EAF * (SLOC/1000)E

Where
    EAF   Is the Effort Adjustment Factor derived from the Cost Drivers
    E        Is an exponent derived from the five Scale Drivers

The duration equation, the Putnam Rayleigh curve, is given as
Duration=3.67 * (Effort)** SE  *  SCED/100

Where
    Effort   Is the effort from the COCOMO II effort equation
    SE        Is the schedule equation exponent derived from the five Scale Drivers

    SCED   Is the Cost Driver for the schedule of the project
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Fig. 2. Putnam Rayleigh curve Diagram Source: [5]

   The second class of model contributing to PPMT is the directed graph representation exemplified by PERT, Project Evaluation and Review Technique. PERT is a network model that allows for randomness in activity completion times. PERT was developed for the U.S. Navy's Polaris project and has the potential to reduce both the time and cost required to complete a project. PERT charts depict task, duration, and dependency information. Each task is represented by a line which states its name or other identifier, its duration, the number of people assigned to it.
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Fig. 3. Sample PERT Chart
PPMT combines the cost equations of COCOMO with the precedence logic of PERT, analysing process parameters from the two perspectives. The analysis results are then combined to give a composite view of the modelled process, see figure 5.
2 Usage and Structure of PPMT
    Software managers and engineers interact with PPMT via dynamic web pages developed using JSP technology [6]. JSP has the following advantages over other web developing technologies

· JSP technology enables rapid development of web-based applications that are platform independent.
· JSP technology separates the user interface from application logic which can reside in server-based resources.
· JSP specification is freely available 
The database underlying the PPMT model is in MySQL [7] which is widely used and free. MySQL also provides support for developing dynamic web content. The application logic resides on the web server and includes all the main components COCOMO2, PERT, CocoPert, StatusMonitor and the code for database connectivity. These components are called by the JSP technology as the users enter data and the model components generate results.
   The unique feature of PPMT is to combine COCOMO II and PERT. Many existing commercial cost estimation tools like Co-start, COSMOS, and CostXPert use COCOMO II [8] [9] [10]. Also a number of commercial project planning tools like PlanBee, PERT Chart EXPERT use PERT [11] [12]. PPMT is intended for shareware distribution free of charge so derives nothing from these commercial packages. As a result of implementing COCOMO II and PERT as modules in PPMT the output of COCOMO II and PERT is in the format desired by the module CocoPert that combines COCOMO II and PERT. 

[image: image4.png]LOC (new code and reused code) ———»{
5 scale drivers and 17 cost drivers——>|
DM, CM, I, SU, UNFM—»|

Cocomo2

{——>Effort (persons — month)

| »Duration (Months)





Figure 3 – Inputs and output for the module Cocomo2

   Pert finds the Early Start (ES), Early Finish (EF), Late Start (LS), and Late Finish (LF) for each task. Pert uses a special designed algorithm for calculating ES, EF, LS and LF. Pert then checks each task for slack i.e. task with ES ≠ EF or LS ≠ LF. If the task has slack then this task can be delayed without delaying the project. Pert then estimates the duration of the project by subtracting ES of the earliest task from the LS of the latest task. This gives the estimated duration of the project.
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Fig. 4.  Inputs and output for the module Pert
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Fig. 5.  Fitting duration by Pert to the duration by Cocomo2 using the slack of the tasks

   The estimates of Cocomo2 i.e. effort and duration are based on the size of the project measured in LOC, lines of code. The duration estimation from Pert is based on the different tasks of the project and the dependencies between them. The main function of CocoPert is to fit the duration by Pert to the duration by Cocomo2 use the effort estimate given by Cocomo2 over this subtask. StatusMonitor is the main module for displaying up-to-date status of the project to the software manager. ActivityMonitor continuously monitors the tasks completed and inputs these tasks to the StatusMonitor. StatusMonitor, using the input from the ActivityMonitor, calculates the effort and schedule used so far on the project. Based on these calculations, StatusMonitor notifies the software manager of delays and overruns
   The main function of the StatusMonitor is to continuously iterate and calculate the effort and schedule used for the project, determining the status of the project. This is achieved by summing up the used effort and schedule for the completed tasks. An added feature of StatusMonitor is a suggestion facility for the software manager. Using the status of the project, StatusMonitor makes useful suggestions to the software manager about the effort to be used for the project. E.g. If the project is delayed by 1 month, the StatusMonitor informs the software manager that the project is delayed and that employing 5 additional employees would ensure on-schedule completion of the project. Also the StatusMonitor redraws the Rayleigh curve for the suggested effort thus giving the software manager an insight, how much increased effort every month will be needed.
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Fig. 6.   Rayleigh curve redrawn at the current position, to estimate the extra effort required for the rest of the project

4 Testing and Conclusions
   PPMT has been tested in prototype by the professional management at the Software Laboratories at IBM Hursley, UK The outcome was encouraging.  The main advantage of PPMT is seen as reconciling COCOMO II which is an effort-oriented approach with very little or no consideration to the planner’s ability to estimate the schedule, relying purely on the algorithm and a standard formula for calculating the schedule. PERT is a schedule-oriented planning technique that uses the duration of every task input by the planner. PERT is a much more planner-centred approach to project planning relying a lot on the planner’s ability to estimate the duration of the tasks. Especially appreciated was PPMT’s balanced approach:
· PPMT combines planner preferences indicated via input parameters to Pert with the estimated schedule from COCOMO II through “What-if exploration”. 

· PPMT allows the planner to reflect the specific constraints on the duration of the project in the estimated schedule which cannot be done by using estimation models like COCOMO II alone. 

· PPMT gets the estimated durations from both the techniques and finds the reason for this disagreement. And then allows the planner to make appropriate informed decisions and thus choose the more accurate estimate that truly reflects the project demands. 

· PPMT strikes the required balance between the resource-oriented intrinsic estimate given by Pert and the financial-oriented estimate given by COCOMO II to give an accurate and customized estimate. 
   IBM testers proposed the addition of Earned Value Analysis to the progress tracking which could make PPMT extremely powerful. This proposal is under consideration.
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