Lecture Notes on Lecture No: 28 – 35 (Detailed discussion on the various aspect of  Software Project Management)

(Including Cost Estimation, Project Scheduling, Staffing, SCM, Maintaince, Quality Assurance, Project Monitoring, and Risk Management)

Software Project Planning

Overview

· Software planning involves estimating how much time, effort, money, and resources will be required to build a specific software system. After the project scope is determined and the problem is decomposed into smaller problems, software managers use historical project data (as well as personal experience and intuition) to determine estimates for each. The final estimates are typically adjusted by taking project complexity and risk into account. The resulting work product is called a project management plan.

 Estimation Reliability Factors

· Project complexity 

· Project size 

· Degree of structural uncertainty (degree to which requirements have solidified, the ease with which functions can be compartmentalized, and the hierarchical nature of the information processed) 

· Availability of historical information

 Project Planning Objectives

· To provide a framework that enables software manager to make a reasonable estimate of resources, cost, and schedule. 

· Project outcomes should be bounded by 'best case' and 'worst case' scenarios. 

· Estimates should be updated as the project progresses.

 Software Scope

· Describes the data to be processed and produced, control parameters, function, performance, constraints, external interfaces, and reliability. 

· Often functions described in the software scope statement are refined to allow for better estimates of cost and schedule.

 Customer Communication and Scope

· Determine the customer's overall goals for the proposed system and any expected benefits. 

· Determine the customer's perceptions concerning the nature if a good solution to the problem. 

· Evaluate the effectiveness of the customer meeting.

 

Feasibility

· Technical feasibility is not a good enough reason to build a product. 

· The product must meet the customer's needs and not be available as an off-the-shelf purchase.

Estimation of Resources

· Human Resources (number of people required and skills needed to complete the development project) 

· Reusable Software Resources (off-the-shelf components, full-experience components, partial-experience components, new components) 

· Development Environment (hardware and software required to be accessible by software team during the development process)

Software Project Estimation Options

· Delay estimation until late in the project. 

· Base estimates on similar projects already completed. 

· Use simple decomposition techniques to estimate project cost and effort. 

· Use empirical models for software cost and effort estimation. 

· Automated tools may assist with project decomposition and estimation.

 Decomposition Techniques

· Software sizing (fuzzy logic, function point, standard component, change) 

· Problem-based estimation (using LOC decomposition focuses on software functions, using FP decomposition focuses on information domain characteristics) 

· Process-based estimation (decomposition based on tasks required to complete the software process framework)

 Empirical Estimation Models

· Typically derived from regression analysis of historical software project data with estimated person-months as the dependent variable and KLOC or FP as independent variables. 

· Constructive Cost Model (COCOMO) is an example of a static estimation model. 

· The Software Equation is an example of a dynamic estimation model. 

 

Make-Buy Decision

· It may be more cost effective to acquire a piece of software rather than develop it. 

· Decision tree analysis provides a systematic way to sort through the make-buy decision. 

· As a rule outsourcing software development requires more skillful management than does in-house development of the same product.

Automated Estimation Tool Capabilities

· Sizing of project deliverables 

· Selecting project activities 

· Predicting staffing levels 

· Predicting software effort 

· Predicting software cost 

· Predicting software schedule

Risk Analysis and Management

Overview

· Risks are potential problems that might affect the successful completion of a software project. Risks involve uncertainty and potential losses. Risk analysis and management are intended to help a software team understand and manage uncertainty during the development process. The important thing is to remember that things can go wrong and to make plans to minimize their impact when they do. The work product is called a Risk Mitigation, Monitoring, and Management Plan (RMMM). 

 Risk Strategies

· Reactive strategies - very common, also known as fire fighting, project team sets resources aside to deal with problems and does nothing until a risk becomes a problem 

· Proactive strategies - risk management begins long before technical work starts, risks are identified and prioritized by importance, then team builds a plan to avoid risks if they can or minimize them if the risks turn into problems 

 Software Risks

· Project risks - threaten the project plan 

· Technical risks - threaten product quality and the timeliness of the schedule 

· Business risks - threaten the viability of the software to be built (market risks, strategic risks, management risks, budget risks) 

· Known risks - predictable from careful evaluation of current project plan and those extrapolated from past project experience 

· Unknown risks - some problems simply occur without warning 

 Risk Identification

· Product-specific risks - the project plan and software statement of scope are examined to identify any special characteristics of the product that may threaten the project plan 

· Generic risks - are potential threats to every software product (product size, business impact, customer characteristics, process definition, development environment, technology to be built, staff size and experience) 

 Risk Impact

· Risk components - performance, cost, support, schedule 

· Risk impact - negligible, marginal, critical, catastrophic 

· The risk drivers affecting each risk component are classified according to their impact category and the potential consequences of each undetected software fault or unachieved project outcome are described 

 Risk Projection (Estimation)

· Establish a scale that reflects the perceived likelihood of each risk 

· Delineate the consequences of the risk 

· Estimate the impact of the risk on the project and product 

· Note the overall accuracy of the risk projection to avoid misunderstandings 

 Risk Table Construction

· List all risks in the first column of the table 

· Classify each risk and enter the category label in column two 

· Determine a probability for each risk and enter it into column three 

· Enter the severity of each risk (negligible, marginal, critical, catastrophic) in column four 

· Sort the table by probability and impact value 

· Determine the criteria for deciding where the sorted table will be divided into the first priority concerns and the second priority concerns 

· First priority concerns must be managed (a fifth column can be added to contain a pointer into the RMMM) 

 Assessing Risk Impact

· Factors affecting risk consequences - nature (types of problems arising), scope (combines severity with extent of project affected), timing (when and how long impact is felt) 

· If costs are associated with each risk table entry Halstead's risk exposure metric can be computed (RE = Probability * Cost) and added to the risk table. 

 Risk Assessment

· Define referent levels for each project risk that can cause project termination (performance degradation, cost overrun, support difficulty, schedule slippage). 

· Attempt to develop a relationship between each risk triple (risk, probability, impact) and each of the reference levels. 

· Predict the set of referent points that define a region of termination, bounded by a curve or areas of uncertainty. 

· Try to predict how combinations of risks will affect a referent level. 

Risk Refinement

· Process of restating the risks as a set of more detailed risks that will be easier to mitigate, monitor, and manage. 

· CTC (condition-transition-consequence) format may be a good representation for the detailed risks (e.g. given that <condition> then there is a concern that (possibly) <consequence>). 

 Risk Mitigation, Monitoring, and Management

· Risk mitigation (proactive planing for risk avoidance) 

· Risk monitoring (assessing whether predicted risks occur or not, ensuring risk aversion steps are being properly applied, collect information for future risk analysis, attempt to determine which risks caused which problems) 

· Risk management and contingency planing (actions to be taken in the event that mitigation steps have failed and the risk has become a live problem) 

 Safety Risks and Hazards

· Risks are also associated with software failures that occur in the field after the development project has ended. 

· Computers control many mission critical applications in modern times (weapons systems, flight control, industrial processes, etc.). 

· Software safety and hazard analysis are quality assurance activities that are of particular concern for these types of applications and are discussed later in the text. 

 Risk Information Sheets

· Alternative to RMMM in which each risk is documented individually. 

· Often risk information sheets (RIS) are maintained using a database system. 

· RIS components - risk id, date, probability, impact, description, refinement, mitigation/monitoring, management/contingency/trigger, status, originator, assigned staff member. 

Project Scheduling and Tracking

Overview

· The chapter describes the process of building and monitoring schedules for software development projects. To build complex software systems, many engineering tasks need to occur in parallel with one another to complete the project on time. The output from one task often determines when another may begin. It is difficult to ensure that a team is working on the most appropriate tasks without building a detailed schedule and sticking to it. 

 Software Project Scheduling Principles

· Compartmentalization - the product and process must be decomposed into a manageable number of activities and tasks 

· Interdependency - tasks that can be completed in parallel must be separated from those that must completed serially 

· Time allocation - every task has start and completion dates that take the task interdependencies into account 

· Effort validation - project manager must ensure that on any given day there are enough staff members assigned to completed the tasks within the time estimated in the project plan 

· Defined Responsibilities - every scheduled task needs to be assigned to a specific team member 

· Defined outcomes - every task in the schedule needs to have a defined outcome (usually a work product or deliverable) 

· Defined milestones - a milestone is accomplished when one or more work products from an engineering task have passed quality review 

 Relationship Between People and Effort

· Adding people to a project after it is behind schedule often causes the schedule to slip further 

· The relationship between the number of people on a project and overall productivity is not linear (e.g. 3 people do not produce 3 times the work of 1 person, if the people have to work in cooperation with one another) 

· The main reasons for using more than 1 person on a project are to get the job done more rapidly and to improve software quality. 

 Project Effort Distribution

Generally accepted guidelines are:

· 02-03 % planning 

· 10-25 % requirements analysis 

· 20-25 % design 

· 15-20 % coding 

· 30-40 % testing and debugging 

 Software Project Types

· Concept development - initiated to explore new business concept or new application of technology 

· New application development - new product requested by customer 

· Application enhancement - major modifications to function, performance, or interfaces (observable to user) 

· Application maintenance - correcting, adapting, or extending existing software (not immediately obvious to user) 

· Reengineering - rebuilding all (or part) of a legacy system 

 Software Process Degree of Rigor

· Casual - all framework activities applied, only minimum task set required (umbrella activities minimized and documentation reduced) 

· Structured - all framework and umbrella activities applied (SQA, SCM, documentation, and measurement tasks are streamlined) 

· Strict - full process and umbrella activities applied (high quality products and robust documentation produced) 

· Quick reaction - emergency situation, process framework used, but only tasks essential to good quality are applied (back filling used to develop documentation and conduct additional reviews after product is delivered) 

 Rigor Adaptation Criteria 

· Size of project 

· Number of potential users 

· Mission criticality 

· Application longevity 

· Requirement stability 

· Ease of customer/developer communication 

· Maturity of applicable technology 

· Performance constraints 

· Embedded/non-embedded characteristics 

· Project staffing 

· Reengineering factors 

 

Task Set Selector Value

· Computed by scoring rigor adaptation criteria and adjusting the scores using differential weighting based on project characteristics. 

· Once computed the task selector value can be used to select the appropriate task set (casual, structured, strict) for the project. 

· It is OK to choose a less formal degree of rigor when the task selector value falls in the overlap area between two levels of rigor, unless project risk is high. 

Concept Development Tasks

· Concept scoping - determine overall project scope 

· Preliminary concept planning - establishes development team's ability to undertake the proposed work 

· Technology risk assessment - evaluates the risk associated with the technology implied by the software scope 

· Proof of concept - demonstrates the feasibility of the technology in the software context 

· Concept implementation - concept represented in a form that can be used to sell it to the customer 

· Customer reaction to concept - solicits feedback on new technology from customer 

Scheduling

· Scheduling tools should be used to schedule any non-trivial project. 

· PERT (program evaluation and review technique) and CPM (critical path method) are quantitative techniques that allow software planners to identify the chain of dependent tasks in the project work breakdown structure that determine the project duration time. 

· Timeline (Gantt) charts enable software planners to determine what tasks will be need to be conducted at a given point in time (based on estimates for effort, start time, and duration for each task). 

· The best indicator of progress is the completion and successful review of a defined software work product. 

· Time-boxing is the practice of deciding a priori the fixed amount of time that can be spent on each task. When the task's time limit is exceeded, development moves on to the next task (with the hope that a majority of the critical work was completed before time ran out). 

 

Earned Value Analysis

· Earned value is a quantitative measure of percent of project completed so far. 

· The total hours to complete the entire project are estimated and each task is given an earned value based on its estimated percentage contribution to the total. 

Error Tracking

· Allows comparison of current work to past projects and provides a quantitative indication of the quality of the work being conducted. 

· The more quantitative the approach to project tracking and control, the more likely problems can be anticipated and dealt with in a proactive manner. 

Software Quality Assurance

Overview

· This chapter provides an introduction for software quality assurance (SQA). SQA is the concern of every software engineer to reduce cost and improve product time-to-market. A Software Quality Assurance Plan is not merely another name for a test plan, though test plans are included in an SQA plan. SQA activities are performed on every software project. Use of metrics is an important part of developing a strategy to improve the quality of both software processes and work products. 

 

Quality Concepts

· Variation control is the heart of quality control (software engineers strive to control the process applied, resources expended, and end product quality attributes). 

· Quality of design - refers to characteristics designers specify for the end product to be constructed 

· Quality of conformance - degree to which design specifications are followed in manufacturing the product 

· Quality control - series of inspections, reviews, and tests used to ensure conformance of a work product to its specifications 

· Quality assurance - consists of the auditing and reporting procedures used to provide management with data needed to make proactive decisions 

 

Cost of Quality

· Prevention costs - quality planning, formal technical reviews, test equipment, training 

· Appraisal costs - in-process and inter-process inspection, equipment calibration and maintenance, testing 

· Failure costs - rework, repair, failure mode analysis 

· External failure costs - complaint resolution, product return and replacement, help line support, warranty work 

 

Total Quality Management

· Kaizen - develop a process that is visible, repeatable, and mesaurable 

· Atarimae hinshitsu - examine the intangibles that affect the process and work to optimize their impact on the process 

· Kansei - examine the way the product is used by the customer with an eye to improving both the product and the development process 

· Miryokuteki hinshitsu - observe product use in the market place to uncover new product applications and identify new products to develop 

 

Software Quality Assurance

· Conformance to software requirements is the foundation from which software quality is measured. 

· Specified standards are used to define the development criteria that are used to guide the manner in which software is engineered. 

· Software must conform to implicit requirements (ease of use, maintainability, reliability, etc.) as well as its explicit requirements. 

 

SQA Group Activities

· Prepare SQA plan for the project. 

· Participate in the development of the project's software process description. 

· Review software engineering activities to verify compliance with the defined software process. 

· Audit designated software work products to verify compliance with those defined as part of the software process. 

· Ensure that any deviations in software or work products are documented and handled according to a documented procedure. 

· Record any evidence of noncompliance and reports them to management. 

 

Software Reviews

· Purpose is to find defects (errors) before they are passed on to another software engineering activity or released to the customer. 

· Software engineers (and others) conduct formal technical reviews (FTR) for software engineers. 

· Using formal technical reviews (walkthroughs or inspections) is an effective means for improving software quality. 

 

Formal Technical Reviews

· Involves 3 to 5 people (including reviewers) 

· Advance preparation (no more than 2 hours per person) required 

· Duration of review meeting should be less than 2 hours 

· Focus of review is on a discrete work product 

· Review leader organizes the review meeting at the producer's request 

· Reviewers ask questions that enable the producer to discover his or her own error (the product is under review not the producer) 

· Producer of the work product walks the reviewers through the product 

· Recorder writes down any significant issues raised during the review 

· Reviewers decide to accept or reject the work product and whether to require additional reviews of product or not 

 

Statistical Quality Assurance

· Information about software defects is collected and categorized 

· Each defect is traced back to its cause 

· Using the Pareto principle (80% of the defects can be traced to 20% of the causes) isolate the "vital few" defect causes 

· Move to correct the problems that caused the defects 

 

Software Reliability

· Defined as the probability of failure free operation of a computer program in a specified environment for a specified time period 

· Can be measured directly and estimated using historical and developmental data (unlike many other software quality factors) 

· Software reliability problems can usually be traced back to errors in design or implementation. 

 

Software Safety

· Defined as a software quality assurance activity that focuses on identifying potential hazards that may cause a software system to fail. 

· Early identification of software hazards allows developers to specify design features to can eliminate or at least control the impact of potential hazards. 

· Software reliability involves determining the likelihood that a failure will occur, while software safety examines the ways in which failures may result in conditions that can lead to a mishap. 

 

Mistake-Proofing Software

· Poka-yoke devices are mechanisms that lead to the prevention of a potential quality problem before it occurs or to the rapid detection of a quality problem if one is introduced 

· Poka-yoke devices are simple, cheap, part of the engineering process, and are located near the process task where the mistakes occur 

 

ISO Quality Standards

· Quality assurance systems are defined as the organizational structure, responsibilities, procedures, processes, and resources for implementing quality management. 

· ISO 9000 describes the quality elements that must be present for a quality assurance system to be compliant with the standard, but it does not describe how an organization should implement these elements. 

· ISO 9001 is the quality standard that contains 20 requirements that must be present in an effective software quality assurance system. 

 SQA Plan

· Management section - describes the place of SQA in the structure of the organization 

· Documentation section - describes each work product produced as part of the software process 

· Standards, practices, and conventions section - lists all applicable standards/practices applied during the software process and any metrics to be collected as part of the software engineering work 

· Reviews and audits section - provides an overview of the approach used in the reviews and audits to be conducted during the project 

· Test section - references the test plan and procedure document and defines test record keeping requirements 

· Problem reporting and corrective action section - defines procedures for reporting, tracking, and resolving errors or defects, identifies organizational responsibilities for these activities 

· Other - tools, SQA methods, change control, record keeping, training, and risk management 

Software Configuration Management

Overview

· Changes are inevitable when software is built. A primary goal of software engineering is to improve the ease with which changes can be made to software. Configuration management is all about change control. Every software engineer has to be concerned with how changes made to work products are tracked and propagated throughout a project. To ensure that quality is maintained the change process must be audited. 

 

Software Configuration Items

· Computer programs (both source and executable) 

· Documentation (both technical and user) 

· Data (contained within the program or external to it) 

 

Fundamental Sources of Change

· New business or market conditions dictate changes to product requirements or business rules 

· New customer needs demand modification of data, functionality, or services 

· Business reorganization causes changes in project priorities or software engineering team structure 

· Budgetary or scheduling constraints cause system to be redefined 

 

Baselines

· A work product becomes a baseline only after it is reviewed and approved. 

· A baseline is a milestone in software development that is marked by the delivery of one or more configuration items. 

· Once a baseline is established each change request must be evaluated and verified by a formal procedure before it is processed. 

 

Software Configuration Management Tasks

· Identification (tracking multiple versions to enable efficient changes) 

· Version control (control changes before and after release to customer) 

· Change control (authority to approve and prioritize changes) 

· Configuration auditing (ensure changes made properly) 

· Reporting (tell others about changes made) 

 

Software Configuration Objects

· To control and manage configuration items, each must be named and managed using an object-oriented approach 

· Basic objects are created by software engineers during analysis, design, coding, or testing 

· Aggregate objects are collections of basic objects and other aggregate objects 

· Configuration object attributes: unique name, description, list of resources, and a realization (a pointer to a work product for a basic object or null for an aggregate object) 

· An entity-relationship (E-R) diagram can be used to show the interrelationships among the objects 

 

Version Control

· Combines procedures and tools to manage the different versions of configuration objects created during the software process 

· An entity is composed of objects at the same revision level 

· A variant is a different set of objects at the same revision level and coexists with other variants 

· A new version is defined when major changes have been made to one or more objects 

 

Change Control

· Change request is submitted and evaluated to assess technical merit and impact on the other configuration objects and budget 

· Change report contains the results of the evaluation 

· Change control authority (CCA) makes the final decision on the status and priority of the change based on the change report 

· Engineering change order (ECO) is generated for each change approved (describes change, lists the constraints, and criteria for review and audit) 

· Object to be changed is checked-out of the project database subject to access control parameters for the object 

· Modified object is subjected to appropriate SQA and testing procedures 

· Modified object is checked-in to the project database and version control mechanisms are used to create the next version of the software 

· Synchronization control is used to ensure that parallel changes made by different people don’t overwrite one another 

 

Software Configuration Audit Questions

· Has the change specified by the ECO been made without modifications? 

· Has an FTR been conducted to assess technical correctness? 

· Was the software process followed and software engineering standards applied? 

· Do the attributes of the configuration object reflect the change? 

· Have the SCM standards for recording and reporting the change been followed? 

· Were all related SCI's properly updated? 

 

Configuration Status Reporting Questions

· What happened? 

· Who did it? 

· When did it happen? 

· What else will be affected by the change? 
