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Chapter 1:  Introduction 
 
 
PERCEPTION® is a total shipyard planning and management system (Figure 1-1). It is 
designed to improve the management of project resources, their costs and schedules.  The 
system is flexible for managing labor, material and subcontract resources across a wide 
range of projects: 
 
 

1. New construction 
2. Overhaul and repair  
3. Engineering services 
4. Plant maintenance and overhead 
5. Research and development. 

 

 
 

Figure 1-1:  The PERCEPTION Production Planning & Management System 
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It has provided significant benefits also by improving the management of various level-
of-effort activities such as production support, overhead, and plant maintenance 
operations.  PERCEPTION supports both commercial and government contract 
requirements for project labor cost and schedule performance measurement reporting.  
 
PERCEPTION’s labor management functions organize labor assignments with project-
oriented work orders that identify specific work tasks to be executed.  These work orders, 
in turn, are organized within a general project work breakdown structure (WBS) that 
summarizes costs and schedules by company-specified project categories.  
PERCEPTION is capable of organizing data both by engineered ship systems and by 
product work breakdown structures.  Features support modular construction and group 
technology manufacturing. 
 
The system provides various features for planning, scheduling and budgeting labor and 
material requirements.  Other functions process purchase orders and time charges to work 
orders for a wide variety of progress, cost and schedule performance measurement 
reports. 
 

Labor Cost/Schedule Control 
 
Companies, large and small, continuously have to deal with how well they operate, 
especially within a free and competitive marketplace.  The laws of survival dictate that 
companies with poor operating capabilities eventually will succumb to those who are able 
to provide better goods and services at lower costs. 
 
A measure of a shipyard’s success is never measured strictly on the number of contracts 
that it can win.  The final measure is how well it performs on those contracts and can 
make a reasonable profit.   Shipyard performance involves a number of issues; technical, 
financial and the ability to execute the work well.  The primary focus is how can the 
shipyard organize and use its resources most efficiently.  
 
To obtain maximum productivity from these resources requires facilities capable of 
enabling these resources to perform to their maximum capabilities.  But, besides 
facilities, how the work is organized and managed is also critical. 
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After new work has been won, the shipyard’s management should focus on the following 
primary objectives: 
 

·  Maximize production potential by organizing and packaging work in the most 
efficient manner possible/practical. 

·  Ensure all supporting efforts, from engineering to purchasing and material control 
are synchronized with the production work efforts.  If not, delays and added costs 
always result. 

·  Maximize control and visibility of performance so that when things do go wrong 
(and they most assuredly will at some point in time), appropriate corrective action 
can be initiated quickly, decisively, and correctly. 

·  Maximize historical cost and schedule information useful for post contract 
analysis and future estimating. 

 
The above outlines the basic intent behind cost/schedule control, which remains the basis 
for sound management and good business practice.   
 
When the amount of people-work becomes significant, special attention needs to be 
focused upon how well or how poorly these people are doing their work, how much they 
are costing relative to the goods and services being sold, and how well these people can 
keep to scheduled commitments.   
 
The process whereby a company can properly manage labor resources is called labor cost 
and schedule control.  And for this to be successful, there needs to be good planning and 
performance measurement, along with effective management follow-through when 
situations require corrective actions to be taken. 
 

Manpower Planning & Forecasting 
 
In a well-managed company, the determination of manpower requirements is essential 
both to ensure that sufficient manpower is available, and that excess manpower does not 
burden overhead costs.  Manpower planning is a cross check between the budget and 
scheduling processes.  Resource availability constraints determine if planned schedules 
are indeed achievable. 
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The basic sources of data needed to develop manpower requirements are the budgets and 
planned schedules of work.  Accuracy and level of detail that can be generated by the 
PERCEPTION manpower analysis depends upon the degree by which budgets and 
schedules have been developed.  Information normally available at the early stages of a 
contract may be the major milestone dates (start, begin fabrication, delivery, etc.), and the 
bid estimates usually at the major levels of the WBS.  Department or trade breakdown 
detail may also be available at this time.   
 
With this information, and with the aid of historical man-hour expenditure curves, a 
preliminary manpower requirement profile can be derived and will be as accurate as the 
degree to which the historical curve actually conforms to the new contract requirements. 
 
For a company that has adopted the work order concept, the ideal level of information 
would be the entire set of work orders, complete with budgets and schedules.  There is, at 
this level, no need to use historical curves, per se, because the combination of overlaying 
manpower requirements for each work order will generate its own. 
 
PERCEPTION provides an easy means to determine manpower requirements at any level 
of the project WBS, by shipyard work center and by trade category.  These manpower 
assessments can be developed for the following scenarios: 
 

·  Planned data (labor hours and planned schedules),  
·  Actual data (actual charged labor hours and actual schedules recorded by the time 

charging functions), and  
·  Forecast data (remaining labor hours adjusted for current system-computed 

measures of under-runs and overruns and adjusted remaining schedules). 
 
These manpower analyses can be performed on any project and across any number of 
different projects, both in-production and proposed new work. 
 

Systems Integration 
 
The PERCEPTION labor management functions can operate alone or can be fully 
integrated with other related PERCEPTION modules (Figure 1-2):  comprehensive 
material planning, purchasing, and inventory control; integrated, automated scheduling; 
and contract cost estimating.  The system also can be linked electronically with financial 
systems such as payroll and general ledger. 
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Figure 1-2: Integrating Shipyard Business Processes 
 

 
Bills of material defined for a work order can be easily defined from drawing 
requirements or material requisitions.  Preliminary production work orders can be set up 
directly from cost estimate cost items identified for labor.  
 
This document describes the general approach and usage of using the labor management 
functions of the system.  The user is referred to the SPAR manual, “Getting Started With 
PERCEPTION,” which describes how to navigate about the system and provides 
instructions on how to enter data and generate reports.   
 
Another SPAR document, “Planning New Ship Construction & Major Ship 
Conversions,” offers helpful information about the various issues of the planning process. 
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Chapter 2:  System Highlights 
 
 
The labor planning and cost/schedule control functions are designed to satisfy 
management’s needs to improve labor cost and schedule performance reporting.  They 
allow a company to develop all work requirements in terms of work orders, each of 
which have prescribed budgets and schedules.  The system provides a special function for 
entering time charges against these work orders; an alternate import function uses payroll 
time charge records directly to eliminate duplicate data entry.  The system then produces 
a wide variety of reports that measure labor cost and schedule performance at different 
levels of detail, including a project work breakdown structure (WBS), by production 
component or module (optional), by company work center or area of responsibility, and 
by trade or skill category. 
 
PERCEPTION elevates itself above and beyond other labor planning and cost and 
schedule management systems with its ability to automatically measure job progress and 
generate very accurate forecasts of final labor costs on a continuous process throughout 
the entire duration of any given project.  It also takes basic cost and schedule information 
and develops labor manpower requirements, even down to the trade or skill level.  
PERCEPTION produces a selection of management status reports that satisfy U.S. and 
Canadian government contract reporting requirements, including DoD 5000.x and 
Canadian C/SCS. 
 
PERCEPTION is the only labor planning and control system designed specifically for 
managing labor-intensive projects.  It is the result of many man-years of development and 
experience within the heavy construction industries. 
 

System Benefits 
 
Primary benefits from using PERCEPTION can be summarized as follows: 
 

·  Better labor planning cost/schedule control. 
·  Improved management control of job progress and labor expenditures.  
·  Immediate job cost reporting and summarization. 
·  Fast and accurate reporting of labor cost problems. 
·  Labor costing by project (job) work breakdown structure and by organization 

structure. 
·  Automated final labor cost forecasting based upon actual performance. 
·  Automated job progressing - no manual assessments required. 
·  Generous checks for erroneous data and bad timecard charges. 
·  Better labor estimates with library and cost escalation functions. 
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·  Automated manpower requirements reporting with leveling options. 
·  Labor cost/scheduling modeling. 
·  On-line data entry and reporting. 
·  Direct scheduling/rescheduling. 
·  Satisfies government Cost/Schedule Control (7000.2) System Criteria. 

 

Summary Status, Progress & Forecast Reporting 
 
PERCEPTION has been designed to provide management with the ability to observe 
effects of actual performance on costs and schedules throughout the life of a large-scale 
project.  This visibility is valuable not only for the planning effort, but also more 
importantly, for the following efforts of managing and supervising the project to 
completion.  PERCEPTION generates high-level performance measurement reports that 
quickly show where the greatest attention should be focused to insure that the project 
meets both cost and schedule goals. 
 
Specifically, summary reports may be produced down to any level of the project’s work 
breakdown structure.  Additional performance reports may be produced for selected work 
centers and for selected trades. 
 

Government Cost/Schedule Performance Reporting 
 
PERCEPTION produces cost/schedule performance reports for both the project’s 
summary levels and for the company’s functional organization structure in accordance 
with Government criteria.  Data elements of the reports include the following: 
 

·  Budgeted Cost of Work Scheduled (BCWS) 
·  Budgeted Cost of Work Performed (BCWP) 
·  Actual Cost of Work Performed (ACWP) 
·  Current Progress 
·  Current Labor hours Ahead/Behind Schedule 
·  Current Labor hours Ahead/Behind Budget  
·  Total Labor hours Budgeted  
·  Estimated Total Labor hours at Completion (EAC) 
·  Estimated Total Labor hours to be Saved/Lost at Completion  
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Direct Updating From Timecards 
 
Feedback to�PERCEPTION consists of the daily employee timecards and appropriate 
entries of work order completions as they occur.  This information alone is sufficient for�
PERCEPTION to develop project summary level and functional area progress 
assessments and final cost projections automatically. 

Automated Progress & Final Cost Projections 
 
PERCEPTION continuously and automatically computes projections of final man-hour 
costs using well-proven techniques for transferring known performance of completed 
work to remaining work.  A special factoring of past performance trends for estimating 
future performance has proved to be both successful and reliable.  The method provides 
immediate indications of where budget problems are developing and enables 
management earlier opportunities to initiate corrective action before the problems (and 
final costs) are beyond solution. 
 

Manpower Loading  
 
From budgeted and scheduled work orders,�PERCEPTION can develop complete 
manpower requirements down to each trade or department.  Man loading can be produced 
for any selection of projects and/or work centers.  Manpower can be generated as planned 
or as projected by the system to reflect actual budget performance. 
 
With special options, work orders can be re-scheduled automatically to alleviate any 
problems due to excessive manpower requirements. 
 

Quick & Easy Work Order Management 
 
PERCEPTION has many features specially designed to offer users quick and easy 
procedures for developing work orders and keeping them updated with current 
information. 
 
PERCEPTION is designed for users who are not experts in computers and their 
application to the planning process.



Chapter 2:  System Highlights 
 

 
10 

 

Automated Data Error Detections 
 
PERCEPTION provides many features for helping users minimize errors due to incorrect 
data.  The on-line�PERCEPTION Editor generates messages whenever errors have been 
detected so users can correct them immediately. 
 
PERCEPTION performs a series of tests upon timecards to help ensure that employee 
charges are correct. 
 

Global Changes 
 
The system provides a variety of user functions, including the ability to modify both 
budgets and planned schedules.  These changes can be made across the board of a project 
or focused more narrowly only where the changes are required. 
 
Other global functions allow the user to copy ranges of data from one project to another. 
 

Reports 
 
The system provides a variety of reports at different levels of detail.  In addition, the 
system supports add-on report writers, such as Powersoft’s PowerViewerÔ , Crystal 
report writer, and others that allow report generation according to specific format and 
selection criteria.  System-generated data also can be downloaded to Microsoft EXCEL 
and popular database products for additional reporting purposes. 
 

Data Analysis 
 
The system provides powerful statistical tools that enable the user to assemble a variety 
of cost data, including shipyard return costs, and perform a range of statistical studies on 
the data. 
 
These studies can be used to evaluate shipyard process performance and can be used to 
justify implementing changes to improve the shipyard’s ability to remain competitive. 
These tools allow new cost estimating relationships (CERs) to be developed, including 
CERs that actually are forecasting shipyard performance as production costs change over 
time. 
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Chapter 3:  System Database 
 
 
PERCEPTION provides a wide array of planning and project management capabilities 
that are organized around a central, multi-user database.  The database is unique in the 
scope of information it can manage. 
 

Project-Oriented Database Files 
 
A major portion of the database is dedicated to storing various information specific about 
projects.  This part of the database generally is hierarchical, so that information can be 
viewed at different levels of detail.  All project-oriented information is cataloged 
according to a Work Breakdown Structure, or WBS.  The system supports several such 
structures simultaneously, depending upon the needs of the project: 
 

·  SWBS (ship systems-oriented WBS) 
·  PWBS (interim product-oriented WBS) 
·  COA (shipyard organization chart of accounts) 

 
At the very top of these structures are summary information levels for the project: 
 

·  Contract  
·  CLINs 
·  Project (with project options) 
·  Ship Design Characteristics  

 
These structures and database files are described in “Getting Started With 
PERCEPTION.” 
 
At the bottom of these structures are the following: 
 

·  Work orders, subtasks, and trade allocations 
·  Time Charges 
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Production Work Orders 
 
Work orders are the details of a project’s labor management system.  The following four 
(4) identifiers catalog work orders: 
 

·  Contract Number  
·  Project Number  
·  Work Center, and  
·  Work Order Number 

 
Work orders are cataloged by work center so that the same work order number can be 
used as the work progresses through various stages of construction.  Work orders also 
have indirect references to the project WBS. 
 
Time Charges 
 
Time charges are the primary transactions of a project’s labor management system.  The 
following six (6) identifiers catalog time charges:  
 

·  Contract Number 
·  Project Number 
·  Work Center 
·  Work Order Number 
·  Employee ID 
·  Date & Time 

Common Use Libraries 
 
The PERCEPTION database provides the following libraries that can be used across 
many different system applications: 
 

·  Work Centers (used for assigning work responsibility) 
 

·  Trades (used for breaking down work assignments and work order budgets) 
 

·  Standard Parts Catalog (optionally used for material pallets)  
 

·  Standard Parts Catalog Material Classes and Class Attributes (used to catalog 
standard parts) 
 

·  Unit of Measure (used to standardize units of measure for labor cost calculations) 
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·  Type of Work with mapping to a Generic Product Work Breakdown Structure, or 

GPWBS (can be used to summarize the shipyard’s PWBS by an industry standard 
PWBS) 
 

·  Stage of Construction 
 

·  Block Type (used for specifying what manufacturing processes are required to 
produce a particular hull block or unit assembly) 
 

·  Ship Type (optionally used to catalog the project) 
 

·  Work Order Standard Clauses 
 
These database files are described in detail in “Getting Started With PERCEPTION.” 
 
Prior Projects 
 
Any project residing on the database can be copied in whole or in part to develop a new 
project.  The system also provides learning curve factors to any project copied from an 
originating project.   
 
Using relevant portions of prior projects saves planning time so that these efforts can be 
better applied to making improvements in the build strategy and introducing adjustments 
for the new project’s requirements. 
 
 





Chapter 4:  Running The Software 
 

 
15 

 
 

Chapter 4:  Running The Software 
 
 
The manual “Getting Started With PERCEPTION” details how to use the software.  The 
following provides instructions of how to operate the system functions for 
labor/manpower planning and cost/schedule management. 
 

Start-Up 
 
Microsoft Windows must be running before you can start PERCEPTION.  To run 
PERCEPTION,  
 
 1. Run Windows. 
 2. Double click on the PERCEPTION icon in the Program Manager to start  

the program. 
 

Sign-On 
 
When PERCEPTION begins its execution, the user is required to enter his/her name and 
password.  If entered incorrectly, the system halts and will proceed no further. 
 
 

 
 

Figure 4-1:  Sign-On Screen 
 

 
This sign-on allows the user to choose the database that has all active, on-going project 
information or a database that maintains data for training purposes. 
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Once the user has successfully signed onto the system, the Main Menu is displayed for 
the user. 

User Environments 
 
The system can be set up to limit specific users from access to various features and 
functions of the PERCEPTION system.  It accomplishes this by identifying sets of system 
functions.  A specific set of functions is called a user application Environment.   
 
Once the user has logged onto the system, click on the main menu Environment to see the 
different PERCEPTION environments that are available: 
 

·  Cost Estimating  
 

·  Engineering (Drawings & Bills of Material)  
 

·  Planning (Master Scheduling)  
 

·  Production Engineering (Work Orders, Pallets)  
 

·  Material Control (Requisitions, Pallets)  
 

·  Purchasing (Purchase Orders and Amendments)  
Stores Management (Material Receiving, Production Issues, Tool Room 

Management)  
 

·  Accounting (Interfaces with Accounting Systems, Vendor Invoices, & Work 

Order Time Charges)  
 

·  Management Reporting  
 

 
 
A user that has not been provided with access to selected environments cannot enter those 
environments and therefore cannot operate the functions identified with those 
environments. 
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The application environment that provides the labor/manpower planning and 
cost/schedule management functions is labeled Production Engineering (Figure 4-2). 
 
 
 

 
 

Figure 4-2:  Production Engineering Environment Functions 

 
In addition, the Accounting environment (Figure 4-3) provides the functions needed to 
enter labor time charges and perform related accounting functions. 
 



Chapter 4:  Running The Software 
 

 
18 

 

 
 

Figure 4-3:  Accounting Environment Functions 
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All of these environments have certain influences upon the management of material and 
material costs.  Set the environment designated for the user by clicking on the appropriate 
button from the drop-down list on the toolbar (Figure 4-4).  This allows that user to 
access those areas of the system pertaining to that environment.   
 
 
 

 
 

Figure 4-4:  Setting The Application Environment 
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Chapter 5:  Starting From Scratch 
 
 
The following describes the general procedures for setting up a PERCEPTION database 
for the labor/manpower planning and cost/schedule management functions.  When 
PERCEPTION is first installed, the following tables in the database should be defined 
prior to beginning any project using the system: 
 

·  Defining PERCEPTION users and their passwords.  For instructions, refer to the 
“System Administration Manual.” 
 

·  Defining general company operations parameters (Library/Company Parameters). 
 

·  Defining company work centers, areas of responsibility and process stages 
(Library/Work Centers). 
 

These files are described and instructions on how to define and manage them are 
provided in “Getting Started With PERCEPTION.” 
 
Additional files and tables also will be needed for managing labor reporting and time 
charging: 
 

·  Defining company work centers (Library/Work Centers). 
 

·  Defining company trades, labor resource categories (Library/Trades/Resources). 
 

·  Defining company workweek and holidays, used in calculating non-work days in 
the planning process (Library/Calendar). 
 

·  Defining company employees, required if time charges are to be entered directly 
into PERCEPTION (Environment/Accounting/Employees). 
 

·  Defining types of labor, required if time charges are to be entered directly into 
PERCEPTION (Environment/Accounting/Labor Types). 
 

·  Defining work order standard clauses. 
 

 
The following outlines these and instructions on how to define them on the system 
database. 
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Shipyard Work Centers 
 
To access the Work Centers Definition Window (Figure 5-1), select Library/Work 
Centers from the main menu. 
 

 
 

Figure 5-1:  Work Centers 

 
Work Centers are areas of responsibility, and can be equivalent to departments, although 
they may be specific functional areas of departments or process stages of manufacturing.  
The system provides for a brief description of the work center.  The work center also can 
be assigned to a specific manager, location and productivity factor. 
 
The procedures for adding, changing and deleting work centers are the same as those 
outlined in General System Operation1. 
 

                                                 
1 Refer to “Getting Started With PERCEPTION,” Chapter 4, “General System Operation.” 



Chapter 5:  Starting From Scratch 
 

 
23 

 

Shipyard Trades 
 
The shipyard trades table is required for the labor time charging process.  Each time 
charge must be identified with one of the trades defined on this table, because all time 
charges are summarized for each work order by trade. 
 
Work order budgeted labor hours also may be broken down by trade, at least by major 
trade.  This allows the system manpower analysis Manpower Planning & Requirements 
Reporting, to produce manpower requirements by trade. 
 
Click on Library/Trades/Resources to open the Resources and Trades worksheet (Figure 
5-2). 
 
 

 
 

Figure 5-2:  Shipyard Trades Worksheet 
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The information available for each trade is the following: 
 

·  Trade ID: Limited to 8 characters 
·  Type:  “H” stands for hourly type of resource 
·  Description: Description of the trade 

 

Shipyard Calendars 
 
Calendars provide the information to plan and schedule around non-working days.  This 
includes weekends and holidays. 
 
Click on Library/Calendar to open the calendar worksheet (Figure 5-3). 
 
 

 
 

Figure 5-3:  Defining Shipyard Calendars 

 
For each day of the week, select whether it is a working day Yes or not No.  Also, define 
the normal working hours per day (per employee) and the total of workdays per normal 
workweek.  This information is needed for the system to determine how to compute 
manpower requirements. 
 
Double click on a selected calendar or right click to open to pop up menu for Drill Down 
to open the holiday list worksheet (Figure 5-4). 
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Figure 5-4:  Company Holidays 

 

Work Order Standard Clauses 
 
The user can develop a library of work order clauses to help standardize work 
instructions on work orders.  Once these standard clauses have been copied to the work 
order description, the user may modify and fill in blanks as necessary. 
 
The work order description (work instructions) is printed on the work order ticket. 
 
Select Environment/Production Engineering/Work Order Clauses from the main menu to 
open the Work Order Clauses worksheet (Figure 5-5). 
 
 

 
 

Figure 5-5:  Work Order Clauses Worksheet 

 
The Clause ID is limited to 8-characters. 
 
The clause may be of an unlimited length of characters. 
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Chapter 6:  Creating A Project  
 
 
Once all general information (work centers, trades, etc.) has been defined, projects can be 
defined and the day-to-day usage of PERCEPTION can begin. 
 
The typical stages for using PERCEPTION are as follows: 
 

·  Define the parameters of the contract and one or more projects under the contract. 
·  Define the Work Breakdown Structures (SWBS, PWBS, and COA) for each 

project. 
·  Schedule work (either manually or via PERCEPTION PERT-PAC planning 

activities). 
·  Perform analysis to ensure manpower availability for scope of work and 

schedules. 
·  Define the project work orders. 
·  Authorize selected work orders for issue to production. 

 
The system will then accept authorized time charges against the work orders and will: 
 

·  Collect time charges against the authorized time charges. 
·  Generate regular management status reports. 

 
Before details of a project can be entered into PERCEPTION, the user first should 
organize the requirements of the project’s labor plan.  This entails the following: 
 

·  Lay out the overall contract, which may include multiple projects (such as for a 
series ship proposal) and identify any contract line items (CLINs). 

·  Determine the work breakdown structure (WBS) required to comply with the 
contract and internal management requirements. 

·  Determine the various work centers that will be engaged in the work activities, 
both within the shipyard and outside. 

 
The publication “Planning New Construction & Major Ship Conversions” offers 
suggestions for developing a successful build strategy, including ideas for labeling labor 
and material transactions. 
 
An important initial planning stage for any project is the determination of what work 
breakdown structure to use.  The WBS will form that basis for the summary status 
reporting to management.  The WBS may also be a contract requirement for reporting 
progress and status to the customer. 
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“Getting Started With PERCEPTION” discusses the various WBS hierarchies available 
to use with PERCEPTION.  Refer to the chapters “Starting A New System & Database” 
and “Starting A New Project” for additional information. 
 
Figure 6-1 shows the general structure of this information for a project.  From this drill 
down capability (the system’s Project Navigator), lower levels of information can be 
accessed directly by the user.  Select View/Project/Navigator from the main menu. 
 
 

 
 

Figure 6-1:  Viewing The Structure Of A Project Estimate 
 

Once the project WBS has been defined on the database, project work orders then can be 
developed.  Enter the work orders, tagging them with the appropriate levels of the 
selected WBS and with the appropriate work center.  Refer to “Defining Project Work 
Orders” for details. 
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Deleting Projects & Documents 
 
The following rules apply for deleting: 
 
Contract Delete - The user can delete a contract from the contract worksheet.  If the user 
deletes a contract, it will delete all WBS levels, estimate cost items, CLINs, drawings, 
BOMs, requisitions requisition items, pallets, work orders, purchase order item details, 
project options, ship characteristics, milestones, accounting transfer general ledger (GL) 
accounts, rate tables, and history tables.  It will not delete transactions.  There are no 
other restrictions on deleting a contract level. 
 
Project Delete - The user can delete a project from the project worksheet.  If the user 
deletes a project, it will delete all WBS levels, estimate cost items, CLINs, drawings, 
BOMs, requisitions, requisition items, pallets, work orders, purchase order item details, 
project options, ship characteristics, milestones, accounting transfer GL accounts, rate 
tables, and history tables.  It will not delete transactions.  There are no other restrictions 
on deleting a project. 
 
Project WBS Level Delete - Any project WBS level can be deleted.  It also will delete all 
WBS levels below it.  It will not delete any details (estimate cost items, CLINs, drawings, 
BOMs, requisitions, requisition items, pallets, work orders, purchase order item details, 
project options, ship characteristics, milestones, accounting transfer GL accounts, rate 
tables) or transactions.  There are no other restrictions on deleting a WBS level. 
 
The following applies to deletes of individual details: 
 
Individual Drawing BOM Delete - Cannot be deleted if attached to a requisition, 
requisition item, pallet, pallet item, or if the drawing is approved (business rule for 
approval).   
 
Individual Requisition Delete - Cannot delete if attached to a purchase order or to a 
pallet.  Cannot delete if it has cost associated with it, received, used, transferred, ordered, 
or if authorized (business rule). 
 
Individual Purchase Order Delete - Cannot delete if issued, approved, received, or 
invoiced. 
 
Individual Work Order Delete - Cannot delete if time charged, issued, or authorized 
(business rule). 
 
Individual Stock Part Delete - Cannot delete from the Parts Catalog if there are current 
reservations or on order. 



Chapter 6:  Creating A Project 
 

 
30 

 
 
Individual Estimate Cost Item Delete - No restrictions. 
 
Individual Work Center, Employee, Trade, & Vendor Delete - Cannot delete if 
referenced on another table or document (except for time charges and transactions). 
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Chapter 7:  Defining Project Work Orders 
 
 
Work orders form the fundamental basis for planning and managing labor resources.  
Work orders are at the bottom of the project WBS.  They provide the cost and schedule 
performance information that the system summarizes up through the various levels of the 
WBS. 
 
Work orders provide the means for controlling work authorization.  They are a means to 
incrementally measure progress and performance for the project.  They also are the 
building blocks for organizing work and for scheduling resources in a timely and cost-
efficient manner.  How well these work orders are organized and executed will relate 
directly to the success or failure of the project. 
 

Work Order Planning 
 
Work orders can vary in size (budget) and scope of work.  There are, however, general 
characteristics that should be considered.  Very large work orders tend to collect labor 
hours far in excess of what is normally expected to be reasonable, and they tend never to 
be completed as planned.  Measuring in-process progress for large work orders often is a 
very subjective and inaccurate exercise.   
 
However, there is a danger in making the size of work orders too small.  One extreme is 
to impose time charging responsibilities down to such a low level of detail that, for all 
practical purposes, there are far too many charge numbers.  Considerable manpower will 
be required to implement and manage such detail.  There can be little reward for the extra 
cost and effort expended.   
 
There is always a practical level of detail to gain accurate performance measurement 
data.  Work orders can be kept to a reasonable size without loss of desired visibility.  For 
new ship construction, a rule of thumb is an average work order size of 250 labor hours.  
However, duration also is meaningful, for a small work order that extends over a long 
period of time rarely is an efficient means for organizing and executing the work. 
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Loft

Plan

Prep Fab Assem. Outfit Hot Paint Outfit Cold Erect

 
Figure 7-1:  Typical Hull Block Construction Sequence Of Work Orders 

 

Repair

Plan Rip Out Fab Assem. Install Test

Rip Out

 
 

Figure 7-2:  Typical Ship Repair Sequence Of Work Orders 
 

 
 

Steel Hot Work

Pipe Work

HVAC Work

Electrical Cables

Linings & Bulkheads

Paint & Deck Covering

Outfit & Furnishings

Fixtures & Breakables

Ship Zone Outfit
Work Type Scheduling

Ceilings & Doors

Maintain Clear Access
Alleys for Men & Materials

Groom & Clean  
 
 
Figure 7-3:  Typical Zone Outfit Sequence Of Work Orders 
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The best packaging of work for production requires good planning to analyze and 
determine the best approach for production.  Figures 7-1 through 7-3 illustrate typical 
examples of work packaging concepts.  This planning also must ensure that all the 
needed resources (manpower, material and facilities) will be available at the proper time.  
This latter scheduling process should be applied to coordinate all resources and efforts 
from engineering, through purchasing and material control, and onto production and 
testing.  Clearly, cash flow needs must not be ignored from the production plan. 
Additional factors, such as quality assurance, design change, and impact upon other 
projects have to be folded in the production-packaging plan as well. 
 
The concept of production work orders is not novel, and many companies employ some 
form of this basic approach to production planning and work authorization.   
 

Assigning Work Orders To The Project WBS 
 
As illustrated in Figure 7-4, work orders must be catalogued according to the project 
WBS.��PERCEPTION is flexible by permitting use of only those levels of the hierarchy 
that are needed. 
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Figure 7-4:  The Development Of Work Orders 

 
When work does not fit strictly to a single portion of the WBS hierarchy, PERCEPTION 
can accommodate this requirement with a unique type of work order called the 
Distributed Work Order that permits assignments across different levels of a WBS.  Other 
types of work orders, as described later in this chapter, may be used to maximize the 
efficiencies of work organization while meeting goals for improved visibility of 
performance. 
 

Assigning Work Orders to Shipyard Work Centers 
 
Each work order must be assigned to the functional area or work center responsible for 
doing the work.  Additionally, the major trades or departments needed to do the work 
may also be defined.  PERCEPTION allows the same trades to be used in different work 
centers. 
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Work Order Data 
 
Work orders can be entered in the Work Order worksheet (Figure 7-5) that can be opened 
either via the drill down features or directly by selecting Environment/Production 
Engineering/Work Orders from the main menu. 
 
 

 
 

Figure 7-5:  Work Order Worksheet Window 

 
The procedures for retrieving, adding, changing and deleting work orders, including 
setting global default values, are the same as those outlined in “Getting Started With 
PERCEPTION.” 
 
Additional information about each work order also is available by clicking the right 
mouse button to open the work order pop up menu (Figure 7-6). 
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Figure 7-6:  Work Order Pop Up Menu 
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This menu has the following options: 
 

·  Details is a detail display of work order information. (Figure 7-7). 
·  Global Modifications open, close, issue, un-issue, authorize and un-authorize 

work orders. 
·  Actions to copy work orders from one project to another and to add standard 

clauses to the work order description. 
·  Drill Downs to reach levels below the work order (Figure 7-8):  work order 

subtasks, trade allocations, planning activities, drawings, pallets, and work order 
transaction history (Figure 7-9). 

·  Editing options to cut, copy and paste; add and insert rows; ditto and delete rows; 
import work orders from external source; associated reports; and window 
properties. 

 
 
 

 
 

Figure 7-7:  Work Order Detail Window 
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Figure 7-8:  Work Order Drill Down Options 

 

 
 

Figure 7-9:  Work Order Transaction History 

 
The detail work order window provides most of the information available at the work 
order level of the project.  The key set that uniquely identifies each work order from 
others is the following: 
 

·  Contract ID (must be previously defined) 
·  Project number (must be previously defined) 
·  Work Center number (must be previously defined) 
·  Work Order number (maximum 8 alphanumeric characters) 
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The above set of information is called the set of work order keys. 
 
There also is a system-generated work order identifier, the work order serial number.  
The system provides this as another way to uniquely identify the work order on the 
database.  The system allows the user to retrieve work orders either by this work order 
serial number or by the set of work order keys.  Using the serial number can reduce the 
data entry of information needed to apply material costs and time charges to a work 
order. 
 
Secondary reference keys are the various levels of SWBS, PWBS, and/or COA that 
already have been defined for the project. 
 
Additional references available are the following: 
 

·  The work order can be assigned to a specified foreman (maximum 20 characters) 
·  A specified drawing (maximum 20 characters) & AutoCAD drawing file name 

(Note that any file type supported by the PC can be substituted for an AutoCAD 
drawing file, including pdf, jpg, gif, etc.) 

·  A Change Order Identifier (maximum 8 characters) 
·  A Schedule Planning Activity 

 
Reports can be generated across any combination of these reference fields to suit specific 
reporting requirements. 
 
Work Order Heading 
 
The Work Order Heading is a short description of the work order and is limited to 40-
characters.  This heading is what appears on the majority of work order-level reports and 
displays 
 
Work Order Description 
 
The work order description field allows virtually unlimited text.  This latter text may be 
detailed work instructions for the work order.  This text is printed on the Work Order 
Ticket instructions option described below, Chapter 9. 
 
Adding Work Order Clauses to the Description 
 
Standard work order clauses can be added to a work order description.  Click on a work 
order displayed in the Work Order worksheet and select Edit/Add Clause from the main 
menu (Figure 7-10).  This feature also can be initiated with a right click on the selected 
work order and from the pop up menu, select Add Clause. 
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Figure 7-10:  Adding Clauses to Work Order Description 

 
The system will display the data window (Figure 7-11) for selecting and inserting work 
order clauses from the database library (Environment/Production Engineering/Work 
Order Clauses). 
 
Any of the clauses stored in the library can be selected, one at a time, and inserted 
anywhere in the resulting text block at the bottom of the window.  The cursor can be set 
anywhere in the text by clicking at the position where the user wishes the clause to be 
inserted.  When the Insert Clauses At Cursor button is clicked, the selected clause will be 
inserted at that cursor position.  Additional manual entries also may be inserted/added 
and deleted using standard text editing procedures. 
 
 



Chapter 7:  Defining Project Work Orders 
 

 
41 

 

 
 

Figure 7-11:  Inserting A Work Order Clause Into Description 

 
To finish the process of developing the work order description text, click, on the OK 
button. 
 
Issue Date 

 
This is the date recorded by the system when the user formally issues the work 
order to production.  From the Work Order worksheet, right click to display the 
work order pop up menu and select Global Modifications/Issue/Un-Issue Work 
Order(s).  Another, easier way to issue multiple work orders at one time is to 

select the rows to be issued and click on the Issue/Un-Issue button  on the 
toolbar. 
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Work Order IPT 

 
The Work Order IPT is for information purposes only.  It may be used to identify 
a shipyard interim product team to the work order.  Currently, there is no system 
report that gathers IPT cost and schedule information. 

 
Planner 

 
This identifies who planned the work order (maximum 20 characters). 
 

Foreman 
 
This identifies the foreman expected to receive the work order to execute 
(maximum 20 characters). 

 
Revision 

 
This is any 8-character code to indicate that the work order now has been revised. 

 
Revision Date 

 
This is the date that the work order was revised. 

 
COA 

 
The work order COA level assignments if required. 

 
PWBS Zone, Outfit Zone, Unit/Block, etc. 

 
The work order PWBS level assignments if required and to the level required. 

 
SWBS Group & Account 

 
The work order SWBS level assignments if required. 

 
CLIN 

 
The work order CLIN assignment if required. 
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Planning Activity & Activity Center  

 
The scheduling activity associated to this work order, if required. 
 
The PERT-PAC scheduling system may be used to develop work order schedules.  
PERT-PAC develops the planning activities and PERCEPTION work orders can 
be equated to these activities on a one-to-one basis.  This allows the work order to 
be set by the system with the same schedule (start and finish dates) as that of the 
activity.  However, the user may identify more than one work order being related 
to the schedules of a single planning activity and may stagger the individual work 
order schedules within the activity’s schedule (Figure 7-12). 
 

 

Planning Activity

Planning Activity

Activity Work
Orders

Work Order
Pallet Items

Drawing Requisition PO

Planning Activity

 
 

Figure 7-12:  Linking Work Order Schedules To Planning Activity Schedule 
 

Quantity Planned & Actual 
 

This is optional information for defining scope of work in terms of some physical 
characteristic of the work order.  Examples are X pipe spools, Y feet of weld, etc. 
 

Labor CER & UoM 
 
The system will accept a labor Cost Estimating Relationship (CER) to be defined 
for the work order.  From this and the planned quantity described above, the 
system will compute the work order budget hours. 
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Work Order Schedules  
 

The work order’s planned schedules can be manually entered or generated 
automatically by the PERT-PAC system and its planning activities (see Planning 
Activity above). 
 
The actual schedules are determined by the system from the time charge 
functions:  The actual start date is the earliest date any time charges were 
registered against the work order; the actual finish date is the last date that the 
work order was charged.  The actual finish date will remain open until the user 
formally closes the work order or the project. 
 
The date of last charge is the date of the most recent time charge made against the 
work order. 
 

Work Order Labor Budgets 
 
The user should define the work order labor budget hours.  Labor budget cost is 
also an option (= Budget Hours x Rate).   
 
The budget labor rate can be used for the system to compute the labor budget cost 
using the labor budget hours.  Labor budget rate also can be applied using global 
functions to work orders.  Refer to the chapter “Project Changes,” in this user 
manual. 
 

Actual Work Order Costs 
 
The following Hours and Cost fields are automatically accumulated by the 
system’s time charging functions. 
 
Actual hours and costs are the accumulated costs collected from time charges. 
 
Rework hours and costs are the actual hours and costs if the work order has been 
registered as rework.  See Rework Status below. 
 
Premium hours and costs are only those actual charges that were not recorded as 
regular time. 
 
After Close hours and costs are those actual charges that were made after the 
work order was formally closed.  Refer to the chapter “Closing Work Orders,” in 
this user manual for details on the closing procedures. 
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Work Order Material Budget 

 
There is an optional field for a work order material cost budget.   
 

Actual Work Order Material Cost 
 
If the material control functions of PERCEPTION are used, the system will 
provide the actual material cost data automatically when material is issued to the 
work order. 
 

Estimate To Complete (ETC) 
 
For in-process work, the user may enter an estimate of labor hours to complete, 
rather than defining a manual progress described next. 
 
When ETC is used, the system will compute automatically the equivalent manual 
progress: 
 
Manual Progress = [Actual Labor Hours Charged To date]   x 100 
   [Actual Labor Hours To date + ETC] 

 
Manual Progressing 

 
For in-process work, the user may enter a manual progress (or an estimated hours 
to complete) at the work order level.  This method for progressing (typically a 
visual inspection of the work order’s real progress) is an alternative to the 
system’s automated progressing capabilities.  The system tracks both the 
automated and the manual methods at the WBS levels. 
 
When manual progress is zero and total time charges remain less than the work 
order budget, the system will compute ETC as follows: 
 
 ETC = [Budget Labor Hours – Actual Labor Hours] 
 
When manual progress is zero and total time charges remain greater than the work 
order budget, the system will compute ETC as follows: 
 
 ETC = [Actual Labor Hours] x 1.10 
 
When entering manual progress, the system will compute ETC as follows: 
 
 ETC = [Actual Labor Hours Charged To date] 
  [Manual Progress/100] 
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When the work order is closed, manual progress is set by the system to be 100%. 
 

Change Order ID 
 
The work order can be flagged as a contract change order (maximum 8 
characters). 
 

Product Codes 
 
In order to measure work performance and collect return costs useful for future 
estimating purposes, the system offers various levels of cost measurement 
parameters, including summations by SWBS, PWBS, COA, by work center and 
by trade, and by any combination of these parameters. 
 
The system further offers cost collection at a product code (maximum 8-
characters) level of the work order itself.  For example, the work order can be 
developed to produce a specific quantity (and 4-character unit of measure) of an 
interim product.  The same product code may be used for all work orders 
performing like work.   
 
Using the PERCEPTION Data Analysis Module (Data/Data Analysis Extraction 
Tool), the user may perform various analyses on the cost and schedule 
performance of work orders, such as averaging the product code data or 
performing more complex regression analyses if necessary.  The results of such 
an analysis can be used to determine the labor CER described above. 
 

Work Order Type  
 
The system allows the user to develop four different types of work orders: 
 

·  Discrete 
·  Distributed 
·  Time-phased 
·  Incremental Process 

 
See Type Work Order below. 

 
Manpower Curve 

 
The curve number is optional and is used to define a 
particular time-phasing distribution of the work order labor 
hours over its planned duration, from planned start through 
planned finish dates.   
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The Manpower Analysis normally assumes that the man-hour budget for a work 
order is evenly distributed over its duration (no curve applied).  However, the 
distribution curves provide a wide variety of other distribution functions that can 
more accurately model the planned rate of expenditures, especially for work 
orders that model relatively large amounts of work over a long period of time. 
 
These curves are described by the percentage of labor hours expended halfway 
through the planned duration.  For example, curve #4 (just a sequence number for 
the curve) is described as 25/75.  This curve distributes 25% of the budget hours 
over the first half of the work order schedule, and 75% over the last half of the 
schedule. 
 
The system assumes that the distribution curve applies not only to the total budget 
work order labor hours, but also to each individual trade assigned to that work 
order, and to the total budget labor cost. 

  
Time Charge Authorization 

 
Each work order must be authorized before any time charges can be accepted by 
the system.  To authorize the work order, highlight one or more work orders in the 

work order worksheet, then click on the Authorize/Un-Authorize button  on 
the toolbar. 
 
Once authorized, work orders can have their authorization turned off to prevent 
further time charging. 
 

Rework Status 
 
The system allows work orders to be specifically flagged as rework.  In addition 
to segregating rework costs from normal, non-rework, PERCEPTION treats 
rework charges very differently.  In its automated progressing calculations, the 
system ignores all rework under the assumption that these charges do not 
contribute to actual progress of the project.  Various system reports offer user 
options to include rework or to report only rework in the reports of actual costs 
and estimated costs at completion. 
 

Pallet Budgeted Hours 
 
These are the total budget hours defined on the pallet list of materials.  See below 
for details.  These budget hours, based only upon the labor CERs from the pallet 
items, are for information purposes only for the user to cross check with the 
budget hours defined for the work order. 
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Work Order Serial Number 
 
The system allows the user to retrieve work orders either by this work order serial 
number or by the set of work order keys (contract, project, work center and work 
order number).  Using the serial number can reduce the data entry of information 
needed to apply material costs and time charges to a work order, and expedites 
bar code data collection methods. 

Work Order Trade Breakdown 
 
The system allows any work order to be assigned to one or more trades to perform the 
work.  To open the Trade Breakdown window (Figure 7-13), highlight a work order and 

click on the Drill Down button  on the toolbar and select Trade Allocations. 
 
 

 
 

Figure 7-13:  Work Order Trade Assignment Window 

 
The procedures for retrieving, adding, changing and deleting work order trades are the 
same as those outlined in “Getting Started With PERCEPTION.” 
 
A subtotal of trade budgets versus the total work order is maintained at the bottom of the 
window.  Any imbalance will be noted as Undistributed. 
 

·  A negative value indicates that more trade budgets have been allocated than what 
has been budgeted for the work order.  This is an indication that either trade 
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budgets must be reduced or the total budget for the work order increased to 
accommodate the added trade hours. 
 

·  A positive value indicates that not all the work order budget has been fully 
distributed to trades; this may be necessary when only primary trade planning is 
desired.   

 
Trades that charge the work order are not required to have a budget.  Nevertheless, when 
they do charge, the system will automatically open a record for them in the work order 
trade breakdown to register their charges; the system, however, will not provide these 
unbudgeted trades with a budget. 
 
All valid trade IDs must be defined on the Trade Library (Library/Trades/Resources).  
The trade description is automatically provided by the system from this library when the 
trade ID is entered. 
 
NOTE:  If trades are allocated to work orders, the PERCEPTION Manpower Module 
(Manpower Planning & Requirements Reporting), can provide a manpower plan and 
forecast at a trade level of detail. 
 

Type Work Order 
 
The system offers four types of work orders, all optional: 
 

1. Discrete work order (default) that can clearly be assigned to any single element or 
level of the project WBS. 

2. Distributed work order that cannot be assigned to any single project WBS 
element, but rather includes work that involves multiple elements. 

3. Time-phased level of effort work order that has no clear-cut end product, but 
rather is a service to be provided over time within a fixed budget. 

4. Incremental process work order that measures progress and performance on the 
basis of physical production throughput. 

 
Discrete Work Orders   
 
Discrete work orders typically exhibit a clear-cut scope of work, usually with a 
discernible end product.  Examples include designing, manufacturing, assembling, and 
testing products.  A discrete work order normally must be assigned to only one specific 
element of the project WBS. 
 
If not otherwise designated by the user, work orders developed in PERCEPTION are by 
default, discrete work orders. 
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Distributed Work Order 
 
Design and engineering develop a product system by system, and systems are the typical 
method for estimating projects during the concept design process.  Shipbuilding uses a 
variety of work breakdown structures to define a ship product.  Many work orders can be 
developed as a further breakdown of work directly from these systems:  for example, 
design, fabricate, assemble and test a particular system. 
 
However, there are many cost and schedule saving opportunities that may be employed 
through multi-system construction modules.  Modular construction takes specific 
advantage of production efficiencies by concentrating work at a particular stage of 
construction.  While portions of individual systems are involved in the module, the work 
may be better organized and executed when like work across systems can be grouped 
together (group technology). 
 
This problem is not a characteristic only to systems-oriented WBS (i.e., SWBS).  A 
similar problem also may exist for product work breakdown structures (PWBS), where 
early stage work can fabricate parts across a range of higher-level assemblies. 
 
The problem is not so much that the work should be organized to take maximum 
advantage of production efficiencies.  The problem lies in how to collect actual costs for 
meaningful performance measurement and to provide the valuable feedback of actual 
costs against original bid estimates.  Clearly, if work must be charged to each and every 
piece of a group of systems, the time charging will become too unwieldy.  Time charging 
will likely become unacceptably inaccurate, and the results will be much less than 
satisfactory. 
 
 PERCEPTION provides a simple solution to this problem with the distributed work 
order.  Distributed work orders are discrete work orders that include work across any 
given project WBS.  An example is the manufacturing of pipe spools belonging to 
multiple engineered systems of the SWBS.  If a product-oriented work breakdown 
structure is used, a distributed work order may be the manufacturing of sub-assemblies 
that are used in different product units or hull blocks. 
 
The distributed work order allows the benefits of group technology to be employed, 
regardless of SWBS or PWBS.  While still retaining a good measure of accountability by 
SWBS and/or PWBS, the distributed work order simplifies the time charging function by 
enabling the employee to charge only to what is called the primary work order.  The 
system automatically allocates time charges to the distributed subtasks based upon each 
subtask’s allocated budget hours. 
 
Any combination of distributed work orders may be used, even in conjunction with 
normal discrete and other types of work orders. 
 
Distributed work orders are identified with dark blue in the first column of the Work 
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Order worksheet. 
 
To develop a distributed work order, develop the primary work order as described above 

for any discrete work order.  Then, click on the Drill Down button  on the toolbar, 
and select Subtasks (Distributed-dark blue).  The system will display the Distributed 
Subtask worksheet (Figure 7-14). 
 
Editing Distributed Subtasks:  The user may add, change and delete distributed subtasks.  
The procedures for adding, changing and deleting subtasks are the same as those outlined 
in General System Operation. 
 
When the user has completed entering subtask information, it should be saved by clicking 
on the Save button on the toolbar. 
 
The system will adjust automatically the total work order budget to be equal to the sum of 
the distributed subtask budgets. 
 
 

 
 

Figure 7-14:  Distributed Subtasks Worksheet 

 
A subtotal of subtask budgets versus the total work order is maintained at the bottom of 
the window.  Any imbalance will be noted as Difference. 
 

·  A negative value indicates that more subtask budgets have been allocated than 
what has been budgeted for the work order.  This is an indication that either trade 
budgets must be reduced or the total budget for the work order increased to 
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accommodate the added trade hours. 
 

·  A positive value indicates that not all the work order budget has been fully 
distributed to subtasks. 

 
Distributed subtasks that charge the work order are required to have a budget. 
 
SPECIAL NOTE:  If time charges have already been made against a distributed work 
order, more subtasks can be added and/or subtask budgets can be modified.  The system 
cannot re-distribute existing charges.  Future charges, however, will be distributed on the 
basis of the changes made to these subtasks. 
 
If the user deletes all subtasks, the primary work order will automatically revert back to 
being a discrete work order. 
 
NOTE:  The system will not permit a distributed subtask to be deleted from the database 
if it has actual time charges (labor hours and/or costs) registered against it.  If the subtask 
must be deleted, these charges first must be backed out using appropriate time charge 
adjustment transactions. 
 
Closing Distributed Work Orders:  Distributed work order subtasks cannot be closed 
individually; they can only be closed when all subtasks have been completed.  This 
means that only the distributed primary work order can be closed.   
 
When the user closes a distributed primary work order, this process automatically closes 
all of the primary’s subtasks.  Reopening a closed distributed work order automatically 
reopens all subtasks. 
 
Refer to the chapter “Closing Work Orders” in this manual for further information. 
 
Time-Phased Work Orders 
 
Cost control can be especially difficult for work described as general level-of-effort 
(LOE).  Examples include support efforts, such as program management, production 
services, etc. 
 
LOE is often difficult to manage in terms of meeting budget objectives.  If the support 
work is required over a relatively long period of time, special care must be taken to 
manage actual costs in a way that does not drain the budget before the end of the project 
has been accomplished.  On large projects, LOE has been a source of considerable 
concern because these efforts tend to consume their budget very quickly (and easily) at 
the early stages of the project, running out of budget long before the programmed 
schedule has expired. 
 
Typically, LOE is packaged as a single charge number to be used throughout the course 
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of an entire project.  Because this type of effort is not easily definable in terms of specific 
goals, milestones or end products, there is little means for measuring performance to keep 
these costs in line. 
 
PERCEPTION provides a simple method for allocating the LOE budget over the length 
of its scheduled duration.  The user can develop monthly subtasks, each of which can be 
allocated a portion of the total LOE budget.  Employees working on LOE charge their 
time to the primary LOE work order, but the system recognizes from the time charge date 
what monthly subtask to register these charges.  The system then provides measures of 
budget performance based upon budget performance to the monthly subtasks.  The 
schedule variance computed by the system also indicates whether LOE resources are 
being expended ahead or behind planned schedules. 
 
This type of work order is called a Time-phased Work Order. 

 
Time-phased LOE work orders are identified with light blue in the first column of 
the Work Orders worksheet. 

 
To develop a time-phased work order, develop the primary work order as described 
above for the discrete work order.  The total LOE budget and its overall planned schedule 
should be defined. 
 

Then, click on the Drill Down button  on the toolbar and select Subtasks (Time-
phased, light blue).  The system will display the Time-phased Subtask worksheet (Figure 
7-15). 
 

 
Figure 7-15:  Time-phased Subtasks Worksheet 
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Monthly subtasks can be added ( ) month by month.  However, if the user clicks on 

the Create New Subtasks button  on the toolbar, the system will automatically 
develop monthly subtasks beginning with the overall work order start date and ending 
with the overall finish date.  Each monthly subtask will be assigned an equal portion of 
the overall budget. 
 
If the work order has been defined with a Manpower Curve, the system will apportion the 
budget according to that manpower curve distribution function.  To set a desired 

manpower curve, first double click on the work order (or click on the  button on the 
toolbar) to open the work order DETAIL window.  The Manpower Curve drop-down 
offers 12 different curve selections.  For example, curve number 5, “30/70” will consume 
30% of the budget over half of the schedule, with the remaining 70% comsumed over the 
last half of the schedule.  The curves provide smooth expenditure distributions. 
 
 
SPECIAL NOTE:  At the present time, the system will accommodate a maximum of 200 
subtasks (i.e., months) for a single time-phased work order. 
 
 
Editing Time-phased Subtasks:  The user may add, change and delete monthly subtasks 
and may modify the monthly budgets to suit any other desired monthly allocations.  The 
procedures for adding, changing and deleting subtasks are the same as those outlined in 
“Getting Started With PERCEPTION.” 
 
When the user has completed making changes to subtasks, clicking on the Save button on 
the toolbar will save the changes.  However, before making these changes permanent to 
the database, the system will notify the user that the sum of subtask budgets will replace 
the total budget for the primary work order.  If the user has altered the overall schedule 
by adding and/or deleting subtasks, the system will update the primary’s overall schedule 
accordingly.  The user is given an opportunity to cancel the save operation and return to 
the subtask window to make any further changes if necessary or simply close the window 
and lose the changes entirely. 
 
If the user deletes all subtasks, the primary work order will automatically revert back to 
being a discrete work order. 
 
NOTE:  The system will not permit a time-phased subtask to be deleted from the database 
if it has any actual time charges (labor hours and/or costs) registered against it.  If the 
subtask must be deleted, these charges first must be backed out using appropriate time 
charge adjustment transactions. 
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Closing Time-phased Work Orders:  Unlike a distributed work order, individual time-
phased subtasks can be closed.  However, when the user closes a time-phased primary 
work order, this process automatically closes all of the primary’s subtasks.  Reopening a 
closed time-phased work order automatically reopens all subtasks. 
 
Refer to “Closing Work Orders” for further information. 
 
Incremental Work Orders  
 
Incremental work orders are a special type of work order that directly manage progress 
and cost performance on the basis of specific output units produced by the work order.  
The term units may be applied to almost any type of production output that can be 
measured by some physical terms.  The user is free to define the specific units of measure 
for any given incremental work order (for example, each, feet, square feet, pounds, tons, 
etc.). 
 
This type of work order requires that a total planned quantity of output be defined in 
addition to the total budget labor hours estimated to perform all of this work. 
 
Normally, work orders that have a large scope of work and are scheduled over a long 
period of time are difficult to measure in terms of cost and schedule productivity.  Such 
large work orders provide a full accounting of their performance only when they are 
finally completed.  By this time, it may be too late to introduce actions to correct 
production problems.  Hence, breaking work into smaller, more manageable sizes allows 
performance to be measured incrementally.  Then, problems are more likely to be 
detected and corrected much earlier (work orders that are too small create their own 
problems simply from their overwhelming numbers that are, of themselves, difficult to 
manage). 
 
Since work performance for incremental work orders is measured on the basis of the 
output units produced or processed and their attending costs, the work order may be 
scheduled over a relatively long period of time without sacrificing important cost control 
considerations.  
 
In the interest of production efficiency, it is often the case that the larger batches of 
interim products produced at one time will yield the least expensive products on a per 
product cost basis. 
 
The work order performance can be measured incrementally.  It requires that the user 
report back to the system actual physical accomplishment (i.e., actual quantities of units 
produced or processed).  However, when work is being executed, the increments of work 
accomplishment should be reported over relatively short periods of time.  For this reason, 
the incremental work order automatically generates weekly subtasks.  This allows the 
user to plan production throughput with some degree of precision.  It also allows the 
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system to measure cost and schedule variances quickly and indicate whether adverse 
situations are improving or not. 

 
 
Incremental work orders are identified with yellow in the first column of the Work 
Orders worksheet. 
 
To develop an incremental work order, create the primary (overall) work order as 
described above.  The total planned throughput quantity, the units-of-measure and 
the total labor hour budget and overall planned schedule must be defined. 
 

Then, click the Drill Down button  on the toolbar, and select Subtasks 
(Incremental-yellow).  The system will display the Incremental Subtask 
worksheet (Figure 7-16). 
 
The system will develop automatically the weekly subtasks with equally 
apportioned budgets and planned units of output quantities beginning with the 
overall start date and ending with the overall finish date.  The user can modify 
these weekly budget hours and quantities as necessary. 
 

 

 
 

Figure 7-16:  Incremental Subtasks Worksheet 

 
Progressing Incremental Work Order:  The system can track each increment (weekly 
subtask) of interim product units actually produced or processed and provide a statistical 
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measure of cost trends.  As output units are produced, the system measures progress on 
the basis of actual units produced: 

 
Progress = (AQTY/BQTY) x 100 

 
Where AQTY is the actual quantity produced (requiring manual data entry of the quantity 
produced into the work order), and BQTY is the total budget quantity for the work order 
(also required for the work order). 
 
The system translates this progress into cost terms by comparing the actual labor hours 
spent to produce the quantity of actual units produced to the total budget labor hours and 
the total budget quantity of units for the work order.  The system evaluates the cost per 
unit of product for budget variances in the same way that other types of work orders are 
evaluated on the basis of the overall work order scope of work: 

 
Earned Value Hours = (AQTY/BQTY) x BAC 

 
Current labor hour cost variance = Earned Value Hours – ACWP 

 
Where BAC is the work order budget labor hours, and ACWP are the actual time charges 
to date. 
 
The Incremental Work Order assumes that interim products or processes are scheduled 
more or less to level load each subtask over its planned duration.  For example, if a 
subtask is planned to produce a total of 100 units over a course of a 5-day week, the 
system will assume that production should average about 20 units per day. 
 
This performance data is rolled up through the various work breakdown structures and 
included with other types of work orders for the system’s computations of overall 
progress, earned values, budgeted cost of work scheduled, estimated cost at completion 
(EAC) and estimated cost to complete (ETC). 
 
Forecasting Production Throughput Costs:  As actual production throughput is entered 
week by week and time charges are added to the system, the Incremental Work Order 
will forecast its production throughput cost: labor hours per throughput unit of measure.  
To obtain the complete summary status report of the work order, begin by retrieving it 

into the normal work order worksheet.  Then, click on the Drill Down button  on the 
toolbar and select Subtasks (Incremental).  The system will display the Incremental Work 
Order Subtask worksheet.  A summary Incremental Work Order Status Report (Figure 7-

17) is available by clicking on the  on the toolbar. 
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Figure 7-17:  Incremental Work Order Status Report 

 
The status is reported in terms of labor hours, throughput quantity, and labor hours per 
unit of measure: 
 

·  BAC, the total planned budget at completion 
·  BCWS, the total planned budgeted cost of work scheduled for the Effective Date 

(the date of the last time charges) 
·  BCWP, budgeted cost of work actually performed, earned value 
·  ACWP, actual cost of work performed, Progress 
·  EAC, estimated cost at completion 
·  ETC, estimated cost to complete (EAC-ACWP) 
·  SV, schedule variance (BCWP-BCWS) 
·  CV, current cost variance (BCWP-ACWP) 
·  TCV, forecast total cost variance (EAC-BAC) 
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Time Charging Incremental Work Orders:  The time charging procedures for the 
Incremental Work Order are the same as required for all other types of work orders. The 
major difference, aside from the way the system measures performance, is that the 
Incremental Work Order does require periodic manual entries of physical counts of 
product units produced.  In a process similar to that of time-phased work orders, time 
charges are made only against the primary incremental work order; the system 
automatically determines what weekly subtask to charge from the date of the time charge. 
 
Editing Incremental Work Order Subtasks:  The user may add, change and delete weekly 
subtasks and may modify weekly budgets (labor hours and planned output quantities) to 
suit any other desired weekly allocations. 
 
The procedures for adding, changing and deleting subtasks are the same as those outlined 
in General System Operation. 
 
When the user has completed making changes to subtasks, clicking on the Save button on 
the toolbar will save the changes.  However, before making these changes permanent to 
the database, the system will notify the user that the sum of subtask budgets (labor hours 
and quantity) will replace the total budget (labor hours and quantity) for the primary work 
order.  If the user has altered the overall schedule by adding and/or deleting subtasks, the 
system will update the primary’s overall schedule accordingly.  The user is given the 
opportunity to cancel the save operation and return to the subtask window to make further 
changes if necessary or simply close the window and lose the changes entirely. 
 
If the user deletes all subtasks, the primary work order will automatically revert back to 
being a discrete work order. 
 
NOTE:  The system does not permit an incremental work order subtask to be deleted 
from the database if it has any actual time charges (labor hours and/or costs) registered 
against it.  If the subtask must be deleted, these charges first must be backed out using 
appropriate time charge adjustment transactions. 
 
Closing Incremental Work Orders:  As described above, the system automatically tracks 
time charges on the weekly subtasks.  At the end of each week, the, the user must enter 
the actual quantities produced.  This information is entered using the Incremental Work 
Order Subtask worksheet.  No closing of these subtasks is required by the system since 
projected production rates are developed directly from the actual quantities and time 
charges. 
 
If the incremental work order primary is closed using the system’s normal functions, the 
system will close all the its associated subtasks. 
 
Refer to “Closing Work Orders” for further information. 
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Benefits of the Incremental Work Order:  The following identifies several benefits from 
using the incremental work order: 
 

1. Simplify the time charging for production workers.  Subtask charges are collected 
automatically by the system from the single work order number (the primary) 
given to production.  The system automatically closes off the subtasks as time 
goes by, and this eliminates work in the planning department.  Production, 
however, still needs to input regularly the actual units produced on a weekly 
basis. 

 
2. The work order focuses on per unit (piece parts, tons, pounds, square feet, etc.) of 

manufacturing and/or process costs and their forecasts.  This gets to the heart of 
the work being done, and measures costs in terms of the production throughput.  
Man-hour performance, which still is important, says little about really what work 
is accomplished.  The incremental work order allows the shipyard to monitor 
performance in physical terms of its output in addition to its cost budgets.  It 
allows the shipyard to better measure where changes need to be made: 

 
·  To either improve the production process 
·  Or replace it with an outside source alternative 
·  Or have engineering eliminate its need entirely 

 
 

Global Work Order Copies 
 
Selections of contracts and/or projects can be copied to other contracts and/or projects.  
This feature saves considerable time and effort when similar contracts and/or projects 
need to be set up by the user.  This feature also can be used to copy standard sets of 
project WBS descriptions and to copy standard sets of work orders already defined on the 
system database. 
 
Both the target Contract and the target Project must exist before a copy can be 
performed.  The procedures for, adding contracts and projects are the same as those 
outlined in “Getting Started With PERCEPTION.” 
 
Open the work order worksheet (Environment/Production Engineering/Work Orders) and 

click on the Copy Work Orders button  on the toolbar.  This will open the Copy 
Range window (Figure 7-18).  Indicate the source and the destination contract and 
project. 
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Figure 7-18:  Global Copy Range Window 

 
Then select which levels to copy by clicking on the check box before CLINs, SWBS, 
PWBS, COAs or work orders.  The upper level WBS records should exist (having been 
either manually defined or copied) before the work orders assigned to them are copied.  
This may require that the copy be performed first for the WBS levels, and then again for 
their work orders.  If an error is encountered in the copy process, the system aborts the 
entire copy process. 
 
For each category that is checked, a range to be copied may be entered.  The copy options 
provided are: 
 

·  Copy only budget dollars and hours, and planned dates 
·  Copy budget, and actual dollars, hours, and dates 
·  Copy actual dollars, and hours into budgets 
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Developing Work Orders from a Cost Estimate 
 
Work orders can be developed from a cost estimate set of cost items.  These may be only 
planning work orders, but actual production work orders may also be created depending 
on the level of details available from the cost estimate.  Oftentimes, a cost estimate that is 
generated from standard product and process packages can produce detailed production 
information. 
 
Open the work order worksheet (Environment/Production Engineering/Work Orders) and 

click on the Production Toolbox button  on the toolbar.  This will open the toolbox 
tab window (Figure 7-19). 
 
 

 
 

Figure 7-19:  Selecting Option To Define Work Orders From Cost Estimate 

 
 
Select Define Work Orders From Estimate and the system will open the specifications 
window (Figure 7-20). 
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Figure 7-20:  Specifications For Defining Work Orders From Cost Estimate 

 
The options here enable the user to set product budgets from the estimate directly.  The 
user can identify the desired WBS by clicking on the appropriate check boxes (SWBS, 
PWBS and/or COA).  This requires that the same WBS will be used for production as 
was used to generate the estimate. 
 
If the WBS production budgets are to be set up with this function, the user can identify a 
specific percentage of the estimate to be set-aside as management reserves. 
 
To generate the work orders from the estimate, click on the Work Orders check box.  
Finally click the Transfer button. 
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For generating work orders (click on the Work Orders check box), the system will 
transform the estimate cost items into work orders, using the same work centers and 
WBS labels as on the cost items.  If percentages are specified for management reserves, 
work order budget hours also are reduced by the same percentage. 

Importing Work Orders  
 
Work orders may be developed in another system, and they can be imported into 
PERCEPTION electronically in a number of different ways.  This process assumes that 
the data to be imported is structured in ways that can be used in PERCEPTION. 
 
Importing From Standard Windows-Based Software 
 
Open the work order worksheet (Environment/Production Engineering/Work Orders) and 
click on Data/Get External Data on the main menu.  The chapter “Importing & 
Exporting Data” in the user manual “Getting Started With PERCEPTION” describes this 
process in detail. 
 
Cut, Copy & Paste 
 
Work order data also can be developed with copy and paste from other Windows-based 
software.  “Importing & Exporting Data” in the user manual “Getting Started With 
PERCEPTION” describes this process in detail. 
 

Changing Work Order Information 
 
The user can modify almost any information about a work order.  Refer to “Project 
Changes” for details. 
 

Work Order Pallet Requirements 
 
To view or create pallets for a given work order, right click on the desired row. Then, 

click on the Drill Down button  on the toolbar  and select Pallets.  The system will 
display the Pallet worksheet (Figure 7-21).  This is a worksheet that allows multiple 
material pallets to be developed for any given work order. 
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The rows on this worksheet are just pallet headers giving general information, not the 
pallet bill of materials details.  The procedures for retrieving, adding, changing and 
deleting pallet headers are the same as those outlined in “Getting Started With 
PERCEPTION.” 
 
 

 
 

Figure 7-21:  Work Order Pallet Header Worksheet 

Double click on any pallet header row to open the pallet tab window.  The first, opening 
tab window displays the header information in a forms format (Figure 7-22).  The 
information in this window can be modified and saved as required. 
 
 

 
 

Figure 7-22:  Pallet Header Window 

 
The second tab opens the Pallet Item worksheet (Figure 7-23).  The procedures for 
adding, changing and deleting pallet items are the same as those outlined in “Getting 
Started With PERCEPTION.” 



Chapter 7:  Defining Project Work Orders 
 

 
66 

 

 
Figure 7-23:  Pallet Item Worksheet 

 
For ship repair, the pallet may be used to identify all of the necessary material items 
needed to execute a specific work order.  If MAT-PAC is being used, the system will 
verify the existence of a drawing number entered on the pallet header and a requisition 
number entered on the pallet line item.  PERCEPTION provides a convenient wizard for 
automatically developing a material requisition form this pallet bill of material.  The 
requisition then can be processed directly by the various purchasing functions. 
 
Double click on any of the pallet items to view the full details of the item (Figure 7-24).  
The information in this window can be modified and saved as required.  If MAT-PAC is 
being used, the system will provide automatically much of the information in these data 
fields. 
 
 

 
 

Figure 7-24:  Pallet Item Details 
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If the pallet item has been identified with a Part ID, the Labor Rate 1 and Labor Rate 2 
are labor CERs (labor hours per unit of measure) on the Parts Catalog.  The Factor is a 
manual entry (default of 1.00) to adjust the standard labor hours of the CERs for 
differences in complexity, quality assurance, work access, etc.  The Budget Hours for the 
pallet item is computed by the system as follows: 

 
Budget Hours = (Labor Rate 1 + Labor Rate 2) x Factor x Qty 

 
The system computes the total budget hours for the pallet as the sum of budget hours for 
the items in the pallet. 
 

Work Order Tickets 
 
Work Order Tickets are printed reports of the work order that can be issued directly to 
production. The user can either print or not print them as he chooses. 
 
Although tickets can be customized for a given system installation, the ticket itself 
generally may consists of four pages. 
 

·  The first page is an overall description (heading) of the work order, its total 
budget and breakdown of budget by planned trades. 

·  The second page provides the detail description (work instructions) of the work 
order. 

·  The third page lists the work order pallet bill of material (if defined). 
·  The forth page prints the AutoCAD drawing if the drawing file name has been 

added to the work order record. 
 

 
“Getting Started With PERCEPTION” provides instructions for viewing AutoCAD 
drawings. 
 
NOTE:   The system administrator must verify the installation and registration of the 
necessary AutoCAD Volo Viewer files on each PC that will be issuing work orders.  
These files are necessary for the viewing of AutoCAD drawings and must be present 
when choosing to view AutoCAD files. 
 
 



Chapter 7:  Defining Project Work Orders 
 

 
68 

 
 
SPECIAL NOTE:  Tickets may be printed using the work order Issue/Un-Issue button 

 on the toolbar.  However, tickets also may be printed using the Reports option from 
the environment main menu.  These reports, however, will print only the first page of the 
ticket.  To obtain all pages of the ticket, the user will need to use the Issue/Un-Issue 
button. 
 
Tickets can be issued one at a time, or multiple work orders can be selected and issued 
together.  See figures 7-25a, b, c, d, Sample Work Order Ticket, below for details. 
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Figure 7-25a:  Work Order Ticket Cover Sheet  Figure 7-25b:  Work Order Detail Work Instructions  Figure 7-25c:  Work Order Material List 
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Figure 7-25d:  Work Order CAD Drawings 
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Issuing Tickets 
 
Work order tickets to be issued can be chosen from the records displayed in the Work 
Order worksheet.  Hardcopy tickets can be issued for selected work orders in the work 
order worksheet.  First, highlight one or more work orders to be issued, then click on the 

Issue/Un-Issue button  on the toolbar. 
 
Ticket Issue Options 
 
The issue ticket selection system will respond with the Work Order Ticket Issue Options 
window (Figure 7-26). 

 

 
 

Figure 7-26:  Issue Options 
 

 
The issue options are: 
 

·  Issue Only – Do Not print:  Sets the issue date only. 
·  Issue and Print:  Send the tickets to the printer. 
·  Print a Draft – Do not Issue:  Issue tickets in draft format – the issue date on the 

work order will not be set and the word <DRAFT> will be printed at the top of 
the ticket and the instructions pages.  If not a draft, the work order issue date will 
be set. 
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Tickets can be ordered with several attachments: 
 

·  Instructions:  Include the Work Order instructions (i.e., the work order 
description) page.  More complete descriptions can be developed in a word 
processor, such as Microsoft Word, then copied and pasted into the work order 
description field. 

·  Material Listing:  Include the Pallet or Requisition Material List –  
o A pallet must have been created and stored on the database that has the 

selected work order (complete with work center) associated with it.  The 
ticket will print multiple pallets if they have been defined fore the work 
order. 

o If no pallet(s) have been defined for the work order, the system will then 
search requisition items tagged for the work order and print them.  These 
requisition items may be defined on multiple requisitions. 

o If pallets are defined for a work order, the system will not process 
requisitions for the ticket.  All pallets have requisitions as their basis and 
including requisition items with pallet items would duplicate the material 
requirements for the work order. 

o If this option is selected, and no associated pallet or requisition items exist 
for the work order, the material list page will still print, but without data. 

·  AutoCAD Drawing:  Include the AutoCAD drawing image – the CAD file name 
and path to it must have been entered on the work order record in the field called 
Drawing File Name.  If this option is selected, and no associated drawing exists, 
nothing will be visible on the drawing tab of the work order issue window.   Note 
that any file type supported by the PC can be substituted for an AutoCAD 
drawing file, including pdf, jpg, gif, etc. 

 
The final option determines the type of ticket format: 
 

·  Regular Format 
·  Subcontractor Format 
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 Chapter 8:  Time Charging Work Orders 
 
 
PERCEPTION provides the means for entering time charges against work orders.  This 
enables the system to track actual labor hours and costs against budgets and to make 
measured assessments of cost performance, not only by projects, but also at any level of 
the project work breakdown structure. 
 
For details on entering time charges, please refer to the user manual entitled “Accounting 
Functions & Interfaces.” 
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Chapter 9:  Closing Work Orders 
 
 
The user can formally close the work order, which causes the system to set the actual 
work order manual progress to 100% and its estimated hours to complete (ETC) to zero.  
The system also will establish an actual finish date for the work order as the last date time 
charges were made against it.  Therefore, this actual finish date may not necessarily be 
the date the user closes the work order. 
 
To close a work order, the system requires a formal closing of a work order:  Highlight 
the work order(s) in the Work Order worksheet window and click on the open/close 

button .  Depending on the business rule set for the system (refer to Systems 
Administration Manual) time charges can continue to be made against the closed work 
order, but only for a period not to exceed 2 weeks. After that time, the time charges will 
be flagged in error.  All accepted time charges (no errors and posted) made against a 
closed work order will be added to the total actual hours collected for the work order and 
also will be added to another column under the work order labeled "after close" hours. 
 
It is important to monitor these after-close hours.  One might expect some of the hours to 
be legitimate pick up work, but there also may be instances where too many of these 
charges may indicate that the work order was closed prematurely when a significant 
amount of work was remaining.  
 
If a closing is attempted by not using the open/close button but only by entering 100% 
manual progress on the work order, the system will not recognize the work order as being 
fully closed.  This procedure does not set the actual finish date which needs to be set for 
the system to set the two week grace period for charges after close.  Instead, time charges 
can continue against this work order with no closing cross-checks by the system.   
 
If after closing a manual progress of less than 100% is entered for the work order, the 
system automatically will re-open the work order. 
 

If work orders are reopened, the project should have a rollup to relay the changes 
back through the WBS. 

 
The closing of the work order also provides the system the final opportunity to measure 
the work order performance to its budget and planned schedules.   
 
The closing also allows the system to re-evaluate the WBS budget and schedule 
performance statistics that are used by the system to assess higher level work progress 
and calculations of estimated cost at completion.  The impact of closed work orders upon 
progress and estimated final costs, as reflected throughout the project WBS can be 
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developed by a project rollup.  This process can be initiated by selecting 
Environment/Production Engineering/Rollup/Production Labor Rollup from the main 
menu. 
 
Multiple work orders can be closed (or reopened) in one step by selecting a set of work 
orders (Environment/Production Engineering/Work Orders) for the Work Order 
worksheet.  The user can then click on Edit/Select All from the menu to tag all the work 
orders listed in the worksheet, or only tag specific ones by clicking on them individually. 
 

Then, click on the Close/Open button  on the toolbar. 
 
Closed work orders may be modified at any time, but if the work order budgets are 
altered or if additional time charges are made against them, a new project rollup must be 
made, since the closeout performance characteristics will have changed. 
 

Closing Distributed Work Orders 
 
Distributed work order subtasks cannot be closed individually; they can only be closed 
when all subtasks have been completed.  This means that only the distributed primary 
work order can be closed. 
 
When the user closes a distributed primary work order, this process automatically closes 
all of the primary’s subtasks.  Reopening a closed distributed work order automatically 
reopens all subtasks. 
 

Closing Time-Phased Work Orders 
 
It is not necessary to close the individual subtasks on a time-phased work order.  Time 
charges are applied only to the subtask that corresponds to the date of the charge.  
However, when the user closes a time-phased primary work order, this process 
automatically closes all of the primary’s subtasks.  Reopening a closed time-phased work 
order automatically reopens only those subtasks whose planned finish dates are after the 
date that the primary work order is re-opened. 
 

Closing Incremental Process Work Orders 
 
It is not necessary to close the individual subtasks on an incremental work order.  Time 
charges are applied only to the subtask that corresponds to the date of the charge.  
However, when the user closes an incremental primary work order, this process 
automatically closes all of the primary’s subtasks.  Reopening a closed incremental work 
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order automatically reopens only those subtasks whose planned finish dates are after the 
date that the work order is re-opened. 

Re-Opening Work Orders 
 
The user also can reopen a closed work order.  This procedure reopens the actual finish 
date and nullifies any existing hours after close.  The manual progress also is reset to a 
default value of 80%. 

Closing Total Project 
 
When a project is completed, it should be closed.  Closing a project is necessary in order 
for the system to calculate final value information.  It also is the best way to inhibit time 
charges to completed projects. 
 
To close a project, highlight the project in the project worksheet.  Then, click on the 

Open/Close Projects button  on the tool bar.  Make the appropriate selection to close 
the highlighted projects in the pop-up window. 
 
Closing a project performs the following functions: 
 

·  All Work Orders are closed.  Their actual finish date is set to the current date and 
their progress is set to 100%. 

·  All Pallets marked as complete.  If the Pallet was not fully issued, the database 
will update the Parts Catalog with the proper quantities. 

·  All Requisitions are marked as completed.  If the Requisition was not fully 
purchased and received, or issued, the database will update the Parts Catalog for 
the proper quantities. 

 
This closing process does not close purchase orders even though the requisitions behind 
the purchase orders have been closed down.  Any outstanding purchased quantities 
received after the project has been closed can be entered (received) into the system and 
the requisitions will be updated automatically for these entries.  Vendor invoices also can 
continue to be entered and processed by the system.   
 
SPAR recommends that projects not be closed until after at least a 90-day grace period.  
This usually provides sufficient time for final deliveries of outstanding purchases and for 
financial and accounting systems to complete all of their project transactions.  Warranty 
work also may require projects to stay open even longer for additional work order 
charges and material purchases. 
 
After closing a project, a rollup must be done for that project.  Rollup options for 
timecards should be checked for each WBS used by the project.  The rollup will update 
each WBS as being complete and calculate their final values. 
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Re-Opening Total Project 
 
Retrieve the project into the project worksheet. When retrieving closed projects into the 
project worksheet, select both open and closed projects. To re-open a project, highlight 

the project in the project worksheet.    Then, click on the Open/Close Projects button  
on the tool bar.  Make the appropriate selection to open the highlighted projects in the 
pop-up window. 
 
This re-opening process does not re-open work orders, nor set any pallets or requisitions 
as incomplete.  To do reset these items, they have to be reset at their respective levels of 
detail. 
 
Re-opening a project automatically re-opens its contract. 
 
With subsequent rollup, the progress will be recomputed by the system. 
 

Closing a Single WBS Level 
 
Closing a single WBS level will perform the same process as described above for closing 
a project, but for only the items under the WBS level: 
 

·  All Work Orders are closed.  Their actual finish date is set to the current date and 
their progress is set to 100%. 

·  All Pallets marked as complete.  If the Pallet was not fully issued, the database 
will update the Parts Catalog with the proper quantities. 

·  All Requisitions are marked as completed.  If the Requisition was not fully 
purchased and received, or issued, the database will update the Parts Catalog for 
the proper quantities. 

 
This closing process does not close purchase orders. 
 
To close WBS levels, including the contract and project levels, follow this procedure for 
the level you wish to close: 
 

·  Open the worksheet window. 
·  Retrieve the data. 
·  Select the row to be closed. 
·  Right click to display the pop up menu and select Close Level. 
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·  The system will display a message box asking you to confirm that you wish to 
close this level.  Click on Yes to complete the operation or Cancel to abort the 
process. 

 
Only the selected row will be closed.  However, closing any level of the WBS will also 
automatically close any WBS levels that have been defined below the current level.  
Closing any WBS level may take a few minutes, so be patient. 
 
After closing WBS levels, a project rollup must be completed for the project. 

Re-Opening a WBS Level 
 
To re-open a WBS level that has been closed, re-open one or more of its work orders (or 
add a new work order), and execute a rollup.   
 
This process, however, does not re-open any other work orders, nor does it mark any 
pallets or requisitions as incomplete.
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Chapter 10:  Project Changes 
 
 
The system provides various tools for making changes to the project at almost any level 
of detail.  Individual records may be modified (unless restricted by the system’s business 
rules) using standard editing techniques. 
 
In addition, groups of records can be modified using special global editing features.  The 
following describes each of the global modification options. 
 

Special Notice:  The user may impose a business rule that will not permit any 
changes to work orders that have been issued or have been closed. To modify 
work orders under these circumstances, the user must revise and/or re-open the 
work orders.  Only the System Administrator can change a business rule. 

 

Global Modifications 
 
The following global modifications can be made to selected (highlighted) work orders 
from the work order worksheet: 
 

·  Authorize/Un-Authorize work orders (click on the  button on the toolbar) 

·  Issue/Un-Issue work orders (click on the  button on the toolbar) 

·  Close/Open work orders (click on the  button on the toolbar) 

·  Attach/Detach Planning Activities (click on the  button on the toolbar) 
·  Apply Labor Rates (to work order budget hours to compute labor cost budgets, 

click on the  button on the toolbar) 

·  Reschedule Work Orders (click on the  button on the toolbar) 

·  Modify Work Order Assignments (click on the  button on the toolbar) 

·  Change Labor Budgets (click on the  button on the toolbar) 
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Authorize/Un-Authorize Work Orders 
 
This process either sets the time charge authorization flag on or off for the selected work 
orders.  Work orders that are authorized may have time charges made against them.  
Work orders that are not authorized will cause the system to generate a warning any time 
charges made against them. 
 
 

 
 

Figure 10-1:  Global Modifications – Authorize/Un-Authorize Work Orders 

 
Issue/Un-Issue Work Orders 
 
This process either sets the work order ticket issue flag on or off for the selected work 
orders. 
 

 
 

Figure 10-2:  Global Modifications – Issue/Un-Issue Work Orders 
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Close/Open Work Orders 
 
 
This process either sets the work order ticket issue flag on or off for the selected work 
orders. 
 

 
 

 

Figure 10-3:  Global Modifications - Close-Open Work Orders 

 
 
Attach/Detach Planning Activities 
 
This process either attaches planning activities to the selected work orders or detaches the 
work orders from them.  A planning activity is identified by its activity number and its 
activity center. 
 
If the SWBS, PWBS or COA options are checked, the work orders will be assigned to the 
same WBS as already defined for the planning activity. 
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Figure 10-4:  Global Modifications – Attach/Detach Planning Activities 

 
 
If the Un Allocated Budget option is set, the first work order identified for global changes 
in the work order worksheet will have its labor hour budget set to be equal to any labor 
hour budget not already allocated to other work orders. 
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Apply Labor Rate 
 
This process either applies a fixed labor rate to the selected work orders, or will 
increase/decrease existing labor rates by a fixed percentage. 
 

 
 

Figure 10-5:  Global Modifications - Apply Labor Rates 

 
These changes are made directly to the selected work orders. 
 
Re-Schedule Work Orders 
 
This process either applies a new start and/or finish date to the selected work orders, or 
will increase/decrease existing schedules by a specified number of days, weeks, or 
months. 
 
NOTE:  This utility does not function on time-phased or incremental work orders. 
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Figure 10-6:  Global Modifications - Re-Schedule Work Orders 

 
 
These changes are made directly to the selected work orders. 
 
Modify Work Order Assignments 
 
This process enables the user to define/redefine information for selected work orders in 
the work order worksheet.  The system displays the information that can be modified 
(Figure 10-7).  Each data field is activated only when its check box is selected and the 
data value has been entered. 
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Figure 10-7:  Options For Modifying Selected Work Orders 

 
 
Change Labor Hour Budgets 
 
This process computes new labor hour budgets to the selected work orders using the ship-
type WBS CERs catalog in the CER Library (Environment/Cost Estimating/CER 
Libraries), or by increasing/decreasing existing hourly budgets by a specified percentage, 
or by applying a fixed hourly budget to these work orders. 
 
If the ship-type WBS CERs are used, the project record must be defined with the 
appropriate ship type designation and the ship-type WBS CERs that are to be used must 
have been defined on the database prior to these changes being made. 
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Figure 10-8:  Global Modifications - Change Work Orders Labor Hour Budgets 

 
These changes are made directly to the selected work orders. 
 

Tool Box Functions 
 
Selections of work orders can be modified also via the toolbox.  Click on the Production 

Toolbox button  on the toolbar, and the system will open the toolbox selections that 
are available. 
 
The first tab on the toolbox window (Figure 10-9) provides the following options: 
 

·  Copying of work orders from other projects (Refer to “Defining Project Work 
Orders” for details) 

·  Developing work orders from estimate cost items (Refer to “Defining Project 
Work Orders” for details) 

·  Import Data (Refer to “Defining Project Work Orders” for details) 
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Figure 10-9:  Options For Defining & Copying Work Orders 

 
 
The second tab on the toolbox window (Figure 10-10) provides the following options: 
 
 

·  Authorize/Un-Authorize Work Orders 
·  Issue/Un-Issue Work Orders 
·  Close/Open Work Orders 
·  Attach/Detach Planning Activities 
·  Apply Labor Rates (to work order budget hours to compute labor cost budgets) 
·  Re-schedule selected work orders 
·  Modify Work Order Assignments 
·  Modify work order labor hour budgets 
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Figure 10-10:  Options For Modifying Selected Work Orders 

 
 
Details of these functions are described individually above. 
 
The third tab on the toolbox window (Figure 10-11) provides the following options: 
 

·  Report data exceptions  (Refer to the chapter “Project Reports”) 
·  Perform labor rollup  (Refer to details below) 
·  Select type of rollup  (labor, material, estimate & baseline) 
·  Run a report  (Refer to the chapter “Project Reports”) 
·  Transfer estimate to production  (Refer to the chapter “Developing Work Orders 

From A Cost Estimate”) 
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Figure 10-11:  Additional Toolbox Functions 

 
 

Find & Replace 
 
Global changes also can be performed using the system’s editing functions of Find & 
Replace. 
 
Refer to the user manual “Getting Started With PERCEPTION” chapter “General System 
Operations,” for details. 
 

Export, Change & Import 
 
Sets of work orders can be modified using features of spreadsheets like Microsoft 
EXCEL. 
 
Refer to the user manual “Getting Started With PERCEPTION,” chapter “Importing And 
Exporting Data,” for details. 
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Global Copying 
 
Selections of contracts and/or projects can be copied to other contracts and/or projects.  
This feature saves considerable time and effort when similar contracts and/or projects 
need to be set up by the user.  This feature also can be used to copy standard sets of 
project WBS descriptions and to copy standard sets of work orders already defined on the 
system database. 
 
Both the target Contract and the target Project must exist before a copy can be performed.  
The procedures for, adding contracts and projects are the same as those outlined in 
“Getting Started With PERCEPTION.” 
 
Open the work order worksheet (Environment/Production Engineering/Work Orders) and 

click on the Copy Work Order(s) button  on the toolbar.  This will open the Copy 
Range window (Figure 10-12).  Indicate the source and the destination contract and 
project. 
 

 
 

Figure 10-12:  Global Copy Range Window 
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Then select which levels to copy by clicking on the check box before CLINs, SWBS, 
PWBS, COAs or work orders.  The upper level WBS records should exist (having been 
either manually defined or copied) before the work orders assigned to them are copied.  
This may require that the copy be performed first for the WBS levels, and then again for 
their work orders.  If an error is encountered in the copy process, the system aborts the 
entire copy process. 
 
For each category that is checked, a range to be copied may be entered.  The copy options 
provided are: 
 

·  Copy only budget dollars and hours, and planned dates 
·  Copy budget and actual dollars, hours, and dates 
·  Copy actual dollars and hours into budgets 

 

Deleting Work Orders 
 
The system will not permit a work order to be deleted from the database if it has actual 
time charges (labor hours and/or costs) registered against it.  If the work order must be 
deleted, these charges first must be backed out using appropriate time charge adjustment 
transactions. 
 

Project Rollups 
 
The system rolls up various cost and schedule information from detail work order data up 
through the project WBS.  As information changes, the user must initiate a process called 
a Rollup. 
 
The rollup process should be initiated when any of the following conditions have 
occurred: 
 

·  Time charges have been entered against project work orders; the system needs to 
measure the impact upon budget performance and estimates to complete. 

·  Work orders have been completed and closed; the system needs to re-assess the 
impact on actual progress and cost and schedule performance. 

·  Budgets have changed; the system needs to re-assess the impact upon earned 
values, progress and projected final costs and estimates to complete. 

·  Work order planned schedules have changed; the system needs to re-assess the 
impact upon schedule performance. 
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To initiate the rollup process, select Environment/Production Engineering/Rollup from 
the main menu.  From the pop up window, select Labor Rollup or click on the Labor 

Rollup button  on the toolbar.  This will open the rollup window (Figure 10-13), 
which offers a wide variety of options for rolling up the work order detail data up through 
the project WBS. 
 

 
 

Figure 10-13:  Rollup Projects 

 
 

Multiple projects can have rollups performed in a single process by clicking on the 
desired projects in the project list sub-window (selected projects will be highlighted).  To 
select all projects click the top left heading button (all projects will be highlighted). 
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When all the options and project selections have been made, click on the OK button, and 
the system will proceed with the rollup process. 
 
The roll-up has two separate sections for processing: 
 

·  Rollup From Work Orders (to WBS levels) 
·  Special Options 

 
Rollup From Work Orders to WBS Levels 
 
The first roll-up section provides for the following processes: 
 

1. Sum labor hours of trades to work orders 
2. Sum labor hours of work orders to the WBS (recommended after time charges) 
3. Sum labor cost of work orders to the WBS (recommended after time charges) 
4. Sum material cost of work orders to the WBS 
5. Set the WBS actual start and finish dates from work orders (recommended after 

time charges) 
6. Set the WBS planned start and finish dates from the work orders 
7. Calculate BCWS, Progress, and Estimated to Complete (recommended after time 

charges) 
 
The first process will replace the work order labor budgets and actuals (hours and labor 
cost) by summing this information from the trade allocation records.  This is not a 
preferred option unless all planning is done at the trade allocation level of the work order. 
 
Those processes identified by TC are normally recommended after new time charges 
have been entered and posted against work orders: rolling up time charge hours and labor 
costs; setting actual start and finish dates, including new finish dates established for new 
work order closings; and re-calculations of progress, BCWS, and estimates at completion. 
 
To the right of the above process selections, the user may limit the roll-up to use either 
budget information or actual, or both.  Then, the user must specify which WBS, or all of 
them, for the roll-up to be performed. 
 
A short cut for the user is to just click on either the Select Budgets or the Select Actuals 
button, which will turn on all appropriate processes and all WBS.  The Select All button 
turns on all of these process (except for the first to roll-up from trade allocations).  For 
special purposes, the user can modify these selections. 
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Special Options 
 
The second rollup processing section has the following options: 
 

1. Re-Roll Budgets and Planned Dates through SWBS/PWBS/COA levels 
2. Re-Roll Timecards to Work Orders 
3. Re-Calculate the Trend EAC and Trend Weeks Ahead/Behind 
4. Set History Data to Current Data 
5. Do Material Cost Rollup 

 
The first option rolls up lower level WBS budgets and planned start and finish dates up 
through the high levels of the WBS.  The project and contract levels are rolled up from 
the WBS that the user has identified as being the default WBS  (see the project DETAILS, 
Options tab). 
 
The second option will re-summarize labor hours and costs from time charge records to 
the work orders.  This process should not be required unless there has been a problem 
with the system database.  Normally, the time charge posting process performs this 
function automatically. 
 
The third option re-calculates the trend EAC and the Trend Week for the selected projects 
and their WBS levels.  This process may be required only if the history file for the 
project(s) has erroneous information that produces incorrect trends. 
 
The fourth option will stamp records of all current WBS status information into the 
project(s) history table (Library/WBS History).  The time stamp for these history records 
are the date of the roll-up.  Appendix I provides details of the WBS history table. 
 
The fifth option will perform a similar rollup of all material costs to the selected project. 
 

Exception Reporting Prior To Project Rollups 
 
It is best to use the Exception Report Tool before a rollup, because if there is bad data, 
the rollup will have to be re-done.  Otherwise, the forecast will not take into account the 
various work orders that have had data entry problems. 
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The system provides a wide selection of reports, report options, and report formats.  
Status information can be viewed on-line (displayed), printed, and emailed.   
 
In addition, since the database conforms to ODBC standards, ad hoc reports also can be 
developed to suit any specific requirement.  Data from worksheets can be exported or 
copied and pasted to other desktop products (Microsoft Access, EXCEL, etc.) for 
customized formatting needs.  Refer to “Getting Started With PERCEPTION” for details 
on copying and exporting features. 
 

WBS Cost & Schedule Status Information 
 
PERCEPTION manages and reports contract cost and schedule status throughout all 
levels of the defined WBS.  This WBS-level information is gathered by the system from 
detail data from work orders, time charges, purchase orders, etc. 
 
The following lists the primary status information available at each level of the WBS: 
 
Labor Hour Status Information 
 
PERCEPTION manages labor hour costs and schedules and provides performance reports 
relative to labor hour budgets and planned schedules.  The following information allows 
project managers to identify early problems with both cost and schedule so that corrective 
actions may be initiated before these problems become critical and jeopardize the overall 
profitability of the project. 
 

·  Labor Hour Budget At Completion (BAC): This is the total budget hours for the 
WBS level. 

·  Labor Hours Actual Cost of Work Performed (ACWP).  These are the time 
charges collected by the system from authorized work orders2. 

·  Labor Hour Budgeted Cost of Work Performed (BCWP).  This is the portion of 
budget that has been earned for what progress has been achieved. 

·  Labor Hour Budgeted Cost of Work Scheduled (BCWS):  This is the portion of 
budget planned to be expended if progress has been achieved according to 
planned schedules. 

·  Labor Hour Estimated Cost At Completion (EAC): This is the estimated final cost 
based upon the current assessment of actual performance to budget. 

                                                 
2 Chapter 8, “Time Charging Work Orders” provides an overview of this cost collecting process. 
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·  Labor Hour Management Reserve:  This is a portion of the project estimate for 
labor hours set aside as a management reserve.   

·  Labor Hour Trend EAC:  This is the trend of EACs developed over the history of 
the project to date. 

·  SPAR Progress:  This is a progress figure determined by the system 
automatically. 

·  Manual Progress: This is a progress figure summarized by the system of manually 
entered progress data for work orders. 

·  Labor Hour Rework:  These are labor hours specifically identified as rework.  
These charges are treated differently from normal time charges and do not 
contribute to any progress of the project.  Rework, however, is included in the 
reported ACWP and EAC. 

·  Weeks Ahead of Schedule:  This is the current system’s determination of schedule 
variance relative to planned budgets and schedules.  A negative figure indicates 
progress is behind schedule. 

·  Trend of Weeks Ahead of Schedule:  This is the trend of weeks ahead of schedule 
developed over the history of the project to date. 

·  Cost & Schedule Performance Indexes.  These are ratios computed by the system 
that provide an indication of relative cost and schedule efficiency. 

 
Chapter 14, “Automated Progress & Cost Forecasting” describes the system’s method’s 
for determining progress, BCWP, BCWS, EAC, trends, weeks ahead of schedule, and 
cost performance indexes. 
 
Labor Cost Status Information 
 
PERCEPTION manages labor monetary costs and schedules and provides performance 
reports relative to labor cost budgets and planned schedules:   
 

·  Labor Cost Budget At Completion (BAC): This is the total labor budget cost for 
the WBS level. 

·  Labor Budget Rate:  This is the labor cost per hour averaged for the WBS level.  
The system determines this rate from the following information: 

 
Labor Budget Rate = Labor Cost BAC/Labor Hour BAC 

 
·  Labor Costs Actual Cost of Work Performed (ACWP).  These are the time charge 

costs collected by the system from authorized work orders.  
 

·  Labor Actual Rate:  This is the current figure of actual labor cost per hour 
averaged for the WBS level.  The system determines this rate from the following 
information: 

 
Labor Actual Rate = Labor Cost ACWP/Labor Hour ACWP 
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·  Labor Cost Budgeted Cost of Work Performed (BCWP).  This is the portion of 

budget that has been earned for what progress has been achieved.  The system 
computes this BCWP as follows: 

 
Labor Cost BCWP = [Labor Hour BCWP] x [Budget Labor Rate] 

 
·  Labor Cost Budgeted Cost of Work Scheduled (BCWS):  This is the portion of 

budget planned to be expended if progress has been achieved according to 
planned schedules.  The system computes this BCWS as follows: 

 
Labor Cost BCWS= [Labor Hour BCWS x [Budget Labor Rate] 

 
·  Labor Cost Estimated Cost At Completion (EAC): This is the estimated final cost 

based upon the current assessment of actual performance to budget.  The system 
computes this EAC as follows: 

 
Labor Cost EAC= [Labor Hour EAC x [Actual Labor Rate] 

 
·  Labor Cost Management Reserve:  This is a portion of the project estimate for 

labor cost set aside as a management reserve.  The system computes this 
management reserve as follows: 

 
Labor Cost Management Reserve= [Labor Hour Management Reserve x [Labor Budget 

Rate] 
 
Overhead Cost Status Information 
 
PERCEPTION manages project overhead costs and schedules and provides performance 
reports relative to overhead cost budgets and planned schedules:   
 

·  Overhead Cost Budget At Completion (BAC): This is the total overhead budget 
cost for the WBS level. 

·  Overhead Budget Rate:  This is the Overhead cost per labor hour averaged for the 
WBS level.  The system determines this rate from the following information: 

 
Overhead Budget Rate = Overhead Cost BAC/Labor Hour BAC 

 
·  Overhead Actual Cost of Work Performed (ACWP).  The system determines the 

overhead ACWP from the following information: 
 

Overhead ACWP = [Labor Hour ACWP] x [Overhead Budget Rate] 
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·  Overhead Budgeted Cost of Work Performed (BCWP).  This is the portion of 
overhead budget that has been earned for what progress has been achieved.  The 
system computes this BCWP as follows: 

 
Overhead BCWP = [Labor Hour BCWP] x [Overhead Budget Rate] 

 
·  Overhead Budgeted Cost of Work Scheduled (BCWS):  This is the portion of 

overhead budget planned to be expended if progress has been achieved according 
to planned schedules.  The system computes this BCWS as follows: 

 
Overhead BCWS= [Labor Hour BCWS]  x  [Overhead Budget Rate] 

 
·  Overhead Estimated Cost At Completion (EAC): This is the estimated final 

overhead cost based upon the current assessment of actual performance to budget.  
The system computes this EAC as follows: 

 
Overhead EAC= [Labor Hour EAC x [Overhead Budget Rate] 

 
·  Overhead Management Reserve:  This is a portion of the project estimate for 

overhead set aside as a management reserve.  The system computes this EAC as 
follows: 

 
Overhead Management Reserve= [Labor Hour Management Reserve x [Overhead Budget 

Rate] 
 
Material Cost Status Information 
 
PERCEPTION manages project material and subcontract costs and schedules and 
provides performance reports relative to their budgets and planned schedules:  Among the 
material cost status information tracked by the system are the following: 
 

·  Purchase Material & Subcontract Cost 
·  Delivered Material Cost 
·  Vendor-Invoiced Cost 
·  Stock Reserved For Project Cost 
·  Stock Used Costs 
·  Total Material Used Cost (Stock and Direct Purchased) 
·  Total Committed Costs (Total of Purchase Orders, Stock Used & Stock Reserved 

To Use) 
 
In addition, the system tracks the following material cost information: 
 

·  Material Budget At Completion (BAC): This is the total material budget cost for 
the WBS level. 
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·  Materials Actual Cost of Work Performed (ACWP).  These are cost of materials 
as currently withdrawn and used by production on the project. 

·  Material Budgeted Cost of Work Performed (BCWP).  This is the portion of 
budget that has been earned for what progress has been achieved. 

 
Material BCWP = (Labor Hour BCWP/Labor Hour BAC) x Material Cost BAC  

 
However, if there is no labor planned for the WBS level, the system determines the 
material BCWP via the following alternate formula: 

 
Material BCWP = (Material ACWP/Material EAC) x Material Cost BAC  

 
·  Material Budgeted Cost of Work Scheduled (BCWS):  This is the portion of 

budget planned to be expended if progress has been achieved according to 
planned schedules. 

 
Material BCWS = (Labor Hour BCWS/Labor Hour BAC) x Material Cost BAC 

 

However, if there is no labor planned for the WBS level, the system determines the 
material BCWS as equal to the material BCWP. 

 
·  Material Estimated Cost At Completion (EAC): This is the estimated final cost 

based upon the current assessment of actual performance to budget.  The system 
initially sets the material EAC equal to the BAC until the committed cost exceeds 
this figure.  Thereafter, the material EAC is set equal to the committed cost. 

·  Material Management Reserve:  This is a portion of the project estimate for 
material set aside as a management reserve.   

 
Additional information about the tracking of material costs is provided in the following 
user manual:  “PERCEPTION: Material Planning, Purchasing & Inventory Control.” 
 

On-Line Review of Project WBS 
 
The system provides a graphical means to drill down and review the entire contract work 
breakdown structure, including SWBS, PWBS and COA. 
 
WBS Drill Down Review:  The entire contract WBS can be viewed, from overall contract 

down through to the project work packages.  Click on the Project Navigator button  
on the main toolbar. 
 
The Project Navigator operates in the following manner:  The selected contract, project 
and WBS (SWBS, PWBS, and COA) level will be displayed on the Drill Down review 
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window (Figure 11-1).  Each level that has information below it is annotated with a plus 
sign [+] to the left of its description line.  Click on this [+] beside a specific contract to 
display the projects defined on the database under the contract and so on down through 
all the levels of the contract. 
 

 
 

Figure 11-1:  Project Navigator 

 
Highlight any level of the drill down review and right click to open a pop up menu:  
These selections are the following: 
 

·  Details opens the summary information tab window (Figure 11-2). 
·  Composite Cost Summary opens the summary information that compares status 

information of the cost estimate, baseline planning, material costs, production 
labor, Figure 11-3). 

·  Properties displays database status of the WBS record. 
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·  Go To allows the user to proceed directly to the WBS level worksheet. 
·  Management Graphics opens a window of report graphics selections (refer to 

the chapter “Graphics Reports”). 
 
Keep holding down the right mouse button and drag the cursor to the desired menu 
selection. 
 

 
 

Figure 11-2:  WBS Summary Details 
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Figure 11-3:  WBS Level Composite Summary Information 

 

On-Line WBS Level Summary Report 
 
While the Project Navigator described above provides the option for reviewing on-line 
the overall cost and schedule status of any given project WBS level (Figure 11-2).  A 
more comprehensive display of WBS level status is available from the WBS level work 
sheet.  For example, open the project level worksheet, then click on the drill-down button  

 and select DETAILS from the list of available selections.  The system will display 
the on-line DETAILS tab window (Figure 11-4). 
 

 
Figure 11-4:  WBS Level Cost & Schedule Status Tab Window 

 
Each tab window provides a special focus on the cost and schedule status of the WBS 
level: 
 

·  Details Tab: Detail cost and schedule status of labor hours and labor cost for the 
WBS level. 

·  Material Status Tab: More information of the material cost and schedule status for 
the WBS level. 

·  Overall Status Tab: Global picture of the cost and schedule status of labor hours, 
labor cost, overhead, and material cost. 

·  Indexes Tab: Details of the WBS level cost and schedule performance indexes. 
·  Variances: Details of cost and schedule variances of labor and material. 
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·  Notes Tab: User-definable notes about the WBS level and its status. 
·  Baseline Tab: Details of the baseline budgets for the WBS level. These baseline 

budgets also can be transferred directly from budgets identified in a Microsoft 
Project baseline schedule. 

·  Options Tab: List of project-oriented WBS and other project management 
options. 

·  Milestones Tab: User-definable WBS level milestones.  These milestones also can 
be transferred directly from milestones identified in a Microsoft Project baseline 
schedule. 

·  Characteristics Tab: List of user-defined ship characteristics useful for estimating 
purposes. 

Reports Requiring Database Posting 
 
Some PERCEPTION reports require that a database posting be performed to ensure that 
the data reported is as up to date as possible.  The database posting process is required 
because several of the reports require that special progress and projection calculations be 
performed prior to the report being generated. 
 
“Time Charging Work Orders,” describes the procedures for posting time charges.  The 
database posting function is usually performed once a week after timecards have been 
entered and checked. 

Report Selections & Options 
 
All  PERCEPTION reports use range and option selections to determine the scope of the 
data to be reported.  First select the desired report from Reports on the main menu.  A 
range window, which is specific to the report selected, will display (Figure 11-5).  The 
user may then narrow the data selected for reporting.  Some of the columns will be white 
to indicate that those are valid selection options for the report that has been selected.  The 
columns that are gray are not relevant for the report that has been selected.   
 
If the default values of 0 and ZZZZZZZZ are not changed for any column, then the 
system will not consider that column in its selection process. 
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Figure 11-5:  Report Range & Option Selections 

 

Master Data Reports 
 
These reports simply list information of the master libraries given a topic and a range.  
The listing reports are: 
 

·  Holiday 
·  Center 
·  Trade 
·  Employee 
·  Ship Type 

 
Figure 11-6 is an example of the Trade Listing Report. 
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Figure 11-6:  Trade Listing Report 

 

WBS Status Reports 
 
This section covers the PERCEPTION functions that produce the various reports for the 
project summary levels (Figure 11-7): 
 

 
Figure 11-7: WBS Status Reports 

 
Figure 11-8 is an example of the SWBS Account Status report. 
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Figure 11-8:  Account Status Report 

WBS Progress Reports 
 
The WBS Progress Reports provide schedule performance information of actual progress 
as compared to planned progress.  These reports may be produced for any levels of the 
WBS (Figure 11-9): 
 

 
 

Figure 11-9: Labor Progress Reports 
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Figure 11-10 is an example of a WBS progress report at the SWBS Group level.  Also 
reported are actual hours, schedule ahead, EAC, savings, and ETC. 
 

 
Figure 11-10:  WBS Progress Report 

 

Summary Reports 
 
These reports list for the specific project all Work Centers defined for that project. The 
Work Center reports can be run for a specific project or for Work Centers across projects.  
Also, available are summary reports for CLINs, and Trades (Figure 11-11).  The costs are 
summarized at each break, and totaled for the project. 
 

 
Figure 11-11: Labor Summary Reports 

 
Figure 11-12 is an example of a Center Summary Report by Project.  Also reported but 
not shown in the figure are Premium, and After Close hours and cost. 
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Figure 11-129:  Center Summary Report 

Labor Period Performance Reports 
These reports are similar to WBS Progress Reports, but they include period performance 
information (Figure 11-14). 
 

 
Figure 11-13: Labor Period Performance Reports 

In the report’s selection window (Figure 11-14), the user can identify the period using the 
drop-down list at the bottom of the selection window.  The resulting period report (Figure 
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11-15) will then indicate the labor hours spent and related performance of their costs and 
schedules through to the current date of the last time charges entered and posted into 
PERCEPTION. 
 

 
Figure 11-14: Period Report Selection 

 
 

 
Figure 11-15: Period Performance Report 

 

Steel Reports 
 
PERCEPTION provides a set of reports (Figure 11-16) to analyze and forecast steel 
production by stage of construction.  These reports include the ability to group steel labor 
by zone, unit/block, and block type for the stages of construction defined by the shipyard. 
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Figure 11-16: Selection of Steel Reports 

 
The steel reports use the proven PERCEPTION statistical process forecasting methods to 
generate production rates for planned work and work in progress.  This information is 
presented to the user for each level of the PWBS. 
 
Before the reports can be run, the user must define the Steel SWBS accounts or Work 
Centers for each stage of construction.  At the same time the user has the option to select 
the unit of measure for each stage.  There are three different units of measure to select 
from; Weight, Joint Weld Length, and Area.  Each unit of measure has its own 
corresponding quantity stored on the unit/block table.  With this information defined, the 
report then uses the defined stages and units of measure to generate the production rates. 
 
Setting Up For Steel Report 
 
Prior to running steel reports for the first time, the user must specify how the stages of 
construction are to be defined for the shipyard.  PERCEPTION allows two different 
methods for cumulating labor hours by stage of construction for the steel reports.  Only 
one of the two methods can be used at any time.  The first method is based on SWBS 
accounts and the second method is based on Work Centers. 
 
These are two different methods for identifying to the system the 5 major stages of 
construction: 
 

·  Fabrication 
·  Sub Assembly 
·  Assembly 
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·  Erection 
·  On Ship Weldout 

 
These two methods define for the system how the user wishes to identify work orders for 
the various manufacturing processes involved in these stages of construction.   
 

·  If the Work Centers method is selected, the system expects that each stage 
correlate with only a specific work center.  Therefore, all work orders for a 
specific stage must be assigned to that same work center, although the work 
orders may have different SWBS, PWBS and/or COA. 

·  If SWBS Accounts method is selected, the system expects that all work orders for 
a specific stage must be assigned to that same SWBS Account, although the work 
orders may be assigned to different work centers and may have different PWBS 
and/or COA. 

 
To setup the system for steel report, select Library/Company Parameters from the main 
menu.  This brings up the tab window displaying various parameters for the system 
installation.  Click on the Steel Setup tab, Figure 11-17. 
 

 
Figure 11-17:  Setting Up For Steel Reports 

 
The first step in the setup is to select which steel reporting method to use from the drop-
down list:  Use SWBS Accounts or Use Work Centers. 
 
After selecting the method to use, tab to each of the stages of construction and enter the 
appropriate SWBS Account or Work Center for that stage.  At the same time select which 
unit of measure to use for that stage.  The default unit of measure is weight. 
 

NOTE:  Regardless of what unit of measure you select, there must be data for that 
unit of measure defined on the unit/block table.  If there is no data defined for the 
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selected unit of measure, then the calculated production rate for that unit/block 
will be 0. 

 
If the user does not wish to use some of the 5 standard stages, the SWBS Account or 
Work Center can be left blank.  The steel reports, then, will show zero values of costs for 
these stages. 
 
Running the Steel Report 
 
There are four (4) different formats of steel reports available. 
 

·  By PWBS Zone 
·  By PWBS Unit (Details of the Zone) 
·  By Block Type (same block types may be used across ship zones) 
·  By Block Type Summary 

 
Each of these report options provides the following information for each Zone, Unit or 
Block type:   
 

·  Budgeted Man-hours per unit of measure 
·  Actual Progress % 
·  Project Man-hours per unit of measure at completion 

 
This information is displayed for each of the major stages of construction: 
 

·  Fabrication 
·  Sub Assembly 
·  Assembly 
·  Erection 
·  On Ship Weld-out 

 
The column headings for each stage reflect the specific units of measure used to calculate 
the production rates.  The exception to this is the Zone report that only uses weight.  The 
last column on the report, the total column, only uses weight to calculate the production 
rates. 
 
These reports are run for one project at a time (Figure 11-18).  An option for the reports 
is Use Quantity from Work Orders. 
 

·  If this option is not selected, the quantities for the appropriate units of measure 
must be defined at the PWBS blocks/units.  All work orders assigned to a valid 
stage of construction will contribute cost performance data for the report 
regardless of their individual units of measure. 
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·  If the option for using quantities from work orders is specified (checked), the 
report will use the sum of work order quantities Actual Quantity for those work 
orders having the same units of measure as the unit of measure identified for the 
stage of construction in the Steel Setup.  Cost information from work orders that 
have different units of measure, yet are otherwise assigned to the stage of 
construction, will be ignored for the report. 

 

 
Figure 11-18:  Steel Report Selection Criteria 

 
The following provides additional information about each report option. 
 
The Steel Report By Zone summarizes labor hours for each of the previously defined 
stages of construction for each zone.  The Zone Steel Report only uses the weight from 
the zone table to calculate the budgeted and forecast production rates.  It also prints the 
summarized results for the project, Figure 11-19. 
 

 
Figure 11-19:  Steel Report by Zone 

 
The Steel Report By Unit summarizes labor hours for each of the previously defined 
stages of construction for each unit/block defined.  It also prints the summarized results 
for the project. 
 
The Steel Report By Block Type summarizes labor hours for each of the previously 
defined stages of construction for each unit/block defined for a given project, grouping 
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them by block type.  It also prints the summarized results for each block type and the 
project. 
 
Before running the block type steel reports, the user must define the block types in the 
system library (Library/Block Types). 
 
NOTE:  The block type 0 (zero) is reserved by the system for special cases.  These block 
types are normally special structural assemblies, blocks, or grand blocks that should not 
be included in the weight rollup of the reports.  Their weight is used by the reports to 
calculate the production rates, but their weight is not included in the summary level lines 
of the report. 
 
After defining the various block types, the user must then apply them to each unit/block 
of the project PWBS.  A unit/block that does not have a defined block type will not be 
reported by the block type steel reports. 
 
Steel Report by Block Type Summary, is the same as the Block Type report, only it 
condenses the report to show only the defined block types. It also prints the summarized 
results for the project. 
 

Labor & Material Combined Summary Reports 
 
The system generates a number of different reports that combine the status of both labor 
and material (Figure 11-20).  These reports are available at various levels of detail and at 
various levels of the WBS. 
 
Figure 11-21 provides a sample labor and material status report summarized for a 
project’s SWBS Groups. 
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Figure 11-20: Selections of Combined Labor & Material Status Reports 

 
 

 
Figure 11-21: Combined Labor & Material Status Report for SWBS Groups 
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Estimate Vs Production Labor & Material Status Reports 
 
The system generates a variety of WBS-level reports (Figure 11-22) that compare 
estimated costs with current production labor and material cost status and forecasts. 
 

 
Figure 11-22: Selections of Estimate Versus Production Labor & Material Status 

Reports 
 
Figure 11-23 provides a sample of a project SWBS Group level summary comparing the 
estimates versus current production labor and material status and forecasts. 
 

 
Figure 11-23: Estimate Versus Production Labor & Material Status Report 
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Work Order Reports 
 
The system generates a number of different work order reports (Figure 11-24) from 
listings to formal production-issue work tickets (Chapter 7). 
 

 
Figure 11-24: Selections of Work Order Reports 

 
Figure 11-25 provides a sample work order listing, sorted by ship zone and planned start 
date. 

 

 
Figure 11-25: Work Order Listing (Sort by PWBS Zone, Planned Start Date) 
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Figure 11-26 provides a sample work order listing, sorted by SWBS Account and work 
center. 
 

 
Figure 11-26: Work Order Listing (Sort by Work Center, SWBS Account) 

 

Time Charge Reports 
 
The system offers several reports of detailed time charge transactions (Figure 11-21). 
 

 
Figure 11-21: Time Charge Reports 
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The following Figure 11-22 is an example of a basic time charge report. 
 

 
Figure 11-22:  Time Charge Report 

 

Bar Coded Reports 
 
The system generates several reports that display bar codes for automated data collection 
of information (Figure 11-23). 
 
Figure 11-24 provides a sample employee listing with their badge numbers displayed in 
bar code format. 
 
Figure 11-25 provides a sample work order listing with the work order number displayed 
in bar code format. 
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Figure 11-23: Selections of Bar Coded Reports 

 

 
Figure 11-24: Employee List with Bar Code Badge Number 
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Figure 11-25: Work Order Listing with Bar Code Work Order Number 

 

Work Order Pallet Reports 
 
The system produces several work order pallet and pallet status reports.  Refer to the 
“PERCEPTION MAT-PAC: Material Planning, Purchasing & Management Control User 
Manual.” 
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Chapter 12:  Graphics Reports 
 
 
Graphical reports often can be more meaningful than tabular reports.  This is especially 
true when the report is displaying a tracking of status information over time.  The 
following describes the various graphical status tracking reports currently available. 
 
To view selections of graphical reports, click on Environment/Production 
Engineering/Data Analysis Spreadsheets.  These graphical reports are generated by 
Microsoft Excel that is linked into the PERCEPTION system.  If the security warning 
(Figure 12-1) appears, click on Enable Macros. 
 

 
Figure 12-1: Excel Security Warning 

 

Tracking Progress & Schedule Variance  
 
A series of charts tracking project progress can be generated by clicking on 
Environment/Production Engineering/Data Analysis Spreadsheets/EAC Tracking 
Analysis. 
 
The system displays a project selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections.  Select the 
Graph Progress tab to view Figure 12-2.  This chart tracks and compares 
PERCEPTION’s automated computed progress against manual progress, real progress 
(ACWP/Current EAC), and percent labor hours spent (ACWWP/BAC). 
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Tracking & Comparing Progress
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Figure 12-2: Tracking Progress 

 
Other charts track and compare schedule variance in terms of labor hours, man-days, and 
weeks (Figure 12-3) as well as forecasts of project finish date. 
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Figure 12-3: Tracking & Forecasting Schedule 

 
Appendix II, “Comparing Progress Assessments,” describes different progress 
assessment methods used in this analysis.   
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Tracking Labor Hours & EAC  
 
A series of charts tracking estimated hours at completion (EAC) can be generated by 
clicking on Environment/Production Engineering/Data Analysis Spreadsheets/EAC 
Tracking Analysis. 
 
The system displays a project selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections.  Select the 
Graph EACs tab.  There is a selection of charts available that track and compare various 
labor hour statistics: 
 

·  Labor hours (ACWP, BCWP, BCWS, EAC, and EAC trend) plotted against 
schedule dates and against real progress (Figure 12-4). 

·  Labor hour BAC versus several types of EACs (SPAR’s EAC, CPI EAC, SPI 
EAC, SCI EAC, and SPAR’s trend EAC) plotted against real progress. 

·  Forecast labor hour EAC (current SPAR EAC and SPAR’s trend EAC) plotted 
against real progress. 

·  Labor Hours per 1% progress (SPAR’s progress & manual progress) plotted 
against real progress. 

·  Direct labor rates (budget $/hour & actual $/hour) plotted against schedule dates 
and against real progress. 

·  Average labor hours per week (actual average hours spent, average earned value 
achieved, average earned value to complete, and forecast average earned value to 
complete) plotted against schedule dates and against real progress. 

·  Percent computed confidence in SPAR’s EAC plotted against schedule dates 
·  Performance indexes (CPI, SPI, SCI & TCPI) plotted against real progress. 
·  Actual labor hours (ACWP) versus earned value (BCWP) labor hours 
·  Earned value hours (BCWP) versus scheduled budget hours (BCWS). 
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Tracking Labor Hour Costs
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Figure 12-4: Tracking & Forecasting Labor Hours 

 
Real progress at any point in time is computed by the system as follows: 
 

Real Progress = ACWP/EAC 
 

Summarizing Labor Hour Performance  
 
A series of bar charts measuring current labor hour performance can be generated by 
clicking on Environment/Production Engineering/Data Analysis Spreadsheets/EAC 
Tracking Analysis. 
 
The system displays a project selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections.  Select the 
Graph Performance tab.  There is a selection of bar charts available showing various 
labor hour statistics: 
 

·  Summarizing labor hours (management reserve, BAC, BAC+MR, BCWS, 
BCWP, ACWP, ETC and SPAR’s EAC) – Figure 12-5. 

·  Comparing EAC Methods (SPAR’s EAC, SPAR’s EAC trend, manual progress 
EAC, CPI EAC, SPI EAC, and SCI EAC) – Figure 12-6. 

·  Labor cost and schedule performance indexes – Figure 12-7. 
·  Estimating finish dates (current estimate, trend versus planned) – Figure 12-8. 
·  Projected days ahead/behind schedule – Figure 12-9. 
·  Current labor hour cost and schedule variances (current hours ahead/behind 

schedule, current hours under/over earned value budget; current EAC hours 
under/over BAC) – Figure 12-10. 
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Figure 12-5: Displaying Project Labor Hour Performance Statistics 

 

 
Figure 12-6: Comparing Estimated Total Hours at Completion (EAC) 

 
Appendix IV, “Comparing Estimates at Completion,” describes the different EAC 
methods used in the analysis as well.  Chapter 14 describes the various performance 
indexes. 
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Figure 12-7: Labor Performance Indexes 

 

 
Figure 12-8: Estimating Finish Dates 
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Figure 12-9: Projected Days Ahead/Behind Schedule 

 

 
Figure 12-10: Current Labor Hour Cost & Schedule Variance 

 

Cash Flow Analysis 
 
A series of charts tracking cash flow can be generated by clicking on 
Environment/Production Engineering/Data Analysis Spreadsheets/Cash Flow Analysis. 
 
The system displays a project selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections. 
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The charts are broken down into various categories of interest: 
 

·  Charts of budgets, actual costs and estimates at completion.  Figure 12-13 
provides an example. 

·  Tracking of costs.  Figures 12-14 and 12-15 provide examples. 
·  Tracking of material cost status. Figure 12-16 provides an example. 
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Figure 12-13: Chart of Budgets, Actual Costs and Estimates at Completion 

 
Tracking Actual Costs
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Figure 12-14: Tracking Costs 
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Figure 12-15: Tracking Costs 
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Figure 12-16: Tracking Material Cost Status 

 
 

Work Order Detail Analysis 
 
A series of detail analysis charts of selected work orders can be generated by clicking on 
Environment/Production Engineering/Data Analysis Spreadsheets/Work Order Detail 
Analysis. 
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The system displays a work order selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections. 
 
The charts are broken down into various categories of interest: 
 

·  Overall Work Order Status:  Charts summarizing overall work order planning 
status & performance.  Figure 12-17 is an example.  

·  Completed Work Order Status: Charts summarizing performance of completed 
(closed) work orders.  Figure 12-18 is an example. 

·  In-Process Work Order Status: Charts summarizing performance of in-process 
(started, not completed) work orders 

·  Unstated Work Order Status: Chats summarizing the status of work orders not yet 
started 

·  Work Order Schedule Performance.  Figure 12-19 is an example. 
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Figure 12-17: Overall Work Order Planning Status 
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Completed Work Order Performance Status
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Figure 12-18: Completed Work Order Performance Status 
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Figure 12-19: Work Order Schedule Performance Status 

 
Appendix VI, “Measuring Work Order Performance” provides details on this analysis. 
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Work Center Performance Analysis 
 
A series of work center performance charts can be generated by clicking on 
Environment/Production Engineering/Data Analysis Spreadsheets/Work Center 
Performance Analysis. 
 
The system displays a work center selection window for the analysis.  The analysis 
spreadsheet opens with tabs at the bottom to open various chart sections. 
 
The charts are broken down into various categories of interest: 
 

·  Work Center Progress Status.  Figure 12-20 is an example. 
·  Work Center Budget Status.  Figure 12-21 is an example 
·  Work Center Schedule Status.  Figure 12-22 is an example 
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Figure 12-20: Work Center Progress Status 
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Work Center 
Budgets & Estimates At Completion
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Figure 12-21: Work Center Budget Performance Status 
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Figure 12-22: Work Center Schedule Performance Status 

 
Appendix V, “Measuring Work Center Efficiency,” provides details on this analysis. 
 

Gantt Charts 
 
Four basic Gantt charts are available: 

·  Unit/Work Order - displays the planned and actual durations of each of the work 
orders associated with the unit.   
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·  Zone Work Order - displays the planned and actual durations of each of the work 
orders associated with the zone.   

·  Zone/Unit - displays the planned and actual durations of each of the units 
associated with the zone.  The zone charts can be selected with or without the 
earned value data. 

·  Work Center - displays the planned and actual durations of each of the work 
orders associated with the work center.   

 
To view the Gantt charts, select Reports/Gantt Charts from either the Planning and 
Scheduling or Production Engineering environment menu (Figure 12-23). 
 

 
Figure 12-23: Selections of Gantt Charts 

 
Work Center Work Order Schedule Gantt Charts 
 
For selected work centers, the system will plot its work order schedules: 
 

·  The earliest planned start date to the latest planned finish date 
·  The earliest actual start date to the latest actual finish date 

 
When the desired graph is selected, the system will produce a Gantt chart (Figure 12-24).   
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Figure 12-24:  Work Center Work Order Schedule Gantt Chart  

 
Zone Level Work Order Schedule Gantt Charts 
 
At the zone level, the system will plot its work order schedules: 
 

·  The earliest planned start date to the latest planned finish date 
·  The earliest actual start date to the latest actual finish date 

 
When the desired graph is selected, the system will produce a Gantt chart (Figure 12-25).   
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Figure 12-25:  Zone Level Work Order Schedule Gantt Chart  

 
Unit Level Work Order Schedule Gantt Charts 
 
At the unit level, the system will plot its work order schedules: 
 

·  The earliest planned start date to the latest planned finish date 
·  The earliest actual start date to the latest actual finish date 

 
When the desired graph is selected, the system will produce a Gantt chart (Figure 12-26). 
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Figure 12-26:  Unit Level Work Order Schedule Gantt Chart 
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Zone Level Unit Schedule Gantt Charts 
 
At the zone level, both options will plot its PWBS unit schedules: 
 

·  The earliest planned start date to the latest planned finish date 
·  The earliest actual start date to the latest actual finish date 

 
If the zone option Zone Unit Schedule With Earned Value is chosen, a third bar showing 
the earned value will be plotted (Figure 12-27).  The earned value is calculated as a 
percentage with the total duration being 100%.  If the earned value is less than the actual 
charges, the unit is behind schedule.  If the earned value is greater than the actual 
charges, the unit is ahead of schedule.  If all work orders in the unit are completed, the 
earned value will be equal to the actual charges. 
 

 
Figure 12-27:  Zone Level Unit Schedule Gantt Chart (With Earned Value) 
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Chapter 13:  Manpower Planning & Requirements Reporting 
 
 
An analysis of manpower requirements is important for determining whether or not 
planned labor hours, in conjunction with planned schedules, are realistic and will result 
in a successful project.  If the schedules are too short, the manpower required to 
complete the work in time may prove to be much too high for the available manpower at 
hand.  This problem can result in much higher costs in over-time or perhaps jeopardize 
the successful completion of other work on-going in production.  Further, if the 
schedules are established in ways that result in un-even manpower utilization, costs 
again can be higher than if these schedules yielded a more level loading of the 
manpower requirements. 
 

Manpower Planning With PERCEPTION 
 
PERCEPTION provides a powerful set of reporting tools for analyzing manpower 
requirements.  These reports (Figure 13-0) can focus on a single project, or across any 
combination of projects.   
 

 
Figure 13-0: Manpower Planning & Forecasting Reports 

 
Further details of these requirements can be developed for specific shipyard work 
centers, even down to individual trades. 
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Figure 13-1:  Sample Manpower Requirements Plan 

 
Manpower requirements can be viewed fully as planned, whether the planning is broad-
brushed or detailed.   Manpower requirements of existing work can be viewed as 
planned, as actually expended, and as forecast to finish.  Planned new work can be 
combined with forecasts of remaining work to show the impact that the new work will 
have upon the backlog of existing work.   
 
PERCEPTION can generate manpower requirement profiles from the following sources 
of information:  the cost estimate Cost Items, the scheduling Planning Activities, and/or 
from work orders.  The user can specify that profiles identify the number of men 
(workers) per day, week, month, quarter, or per year.  
 
A simple, easy-to-use software wizard helps the user develop important manpower 
studies very quickly with minimum input. 
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Manpower Data 
 
The analysis can look at manpower requirements five ways: 
 

·  As estimated (from estimate Cost Items) 
·  As scheduled (from scheduling Planning Activities) 
·  As planned (using Work Order budgets and planned schedules) 
·  As actually expended (using actual Work Order time charge hours and actual start 

and finish dates for schedules) 
·  As actually expended using actual timecard transactions 
·  As projected (on remaining Work Order labor hours) 

 
Computing Manpower Requirements 
 
To compute manpower requirements, the system converts the labor man-hours 
(estimated, scheduled, planned, actual or remaining) into equivalent persons per day over 
the duration of a work order schedule (start to finish).  The system assumes that the 
equivalent persons work normal 8 labor hours per workday.  The analysis honors the 
workdays in the user-defined calendar schedule (Library/Calendar).  Refer to the chapter 
“Shipyard Calendars.” 
 
Estimated Manpower 
 
To develop the estimated manpower requirements, the system collects the range of 
estimated cost items specified by the user and converts their man-hour estimates into 
equivalent persons per day over the duration of the estimated work order schedule 
(estimated start to finish).   
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Scheduled Manpower 
 
To develop the scheduled manpower requirements, the system collects the range of 
project planning activities specified by the user and converts their man-hour budgets into 
equivalent persons per day over the duration of the scheduled activities (baseline start to 
finish).   
 
Budgeted Manpower 
 
To develop the budgeted work manpower requirements, the system collects the range of 
work orders specified by the user and converts their man-hour budgets into equivalent 
persons per day over the duration of the current planned work order schedule (start to 
finish).   
 
The system also assumes that the manpower is level loaded over the planned duration 
unless the work order has been assigned a specific manpower distribution curve function 
described below in “Work Order Budget Distribution Functions.” 
 
Actual Manpower 
 
To develop the actual work manpower requirements, the system collects the range of 
work orders specified by the user and converts their actual man-hour time charges 
(including rework hours charged) into equivalent persons per day over the actual duration 
of the work order from the date of the first time charge to the last.  If the work order is 
still in progress, the system only computes the equivalent manpower up through to the 
current effective date of time charges (the date that the last time charges for all projects 
were processed by the system).  The system also assumes that the manpower is level 
loaded over the actual duration. 
 
Timecard Actual Manpower 
 
To develop the actual work manpower requirements based on timecard charges, the 
system collects the timecards from the range of work orders specified by the user and 
converts these time charges into equivalent persons per day for the actual timecard charge 
dates.  
 
Remaining Manpower Forecasts 
 
To develop the forecast manpower requirements, the system collects from within the 
range of work orders specified by the user only those work orders that are either 
incomplete (not closed) or not started and converts their remaining man-hour budgets into 
equivalent persons per day over the remaining duration of the work order schedule (start 
to finish).   There are two forecasting options based upon what WBS performance the 
user wishes to relate the forecast calculations: 
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·  SWBS Accounts: Remaining work order budgets are automatically adjusted 

according to the current cost performance of associated SWBS accounts.  For 
example, if a SWBS account currently is overrunning by 10%, remaining budgets 
of work orders in the account will be increased by 10% to reflect the additional 
manpower needed to do the work and finish on schedule. 

·  COA Sub-Group: Remaining work order budgets are automatically adjusted 
according to the current cost performance of associated COA sub groups.  If the 
COA represents stages of construction and work centers, the remaining work 
order budgets will be adjusted by the current cost performance of the work center. 

 
Two additional options for forecast calculations are also available: 
 

·  Manual Forecast Method:   
 

Remaining Work Order Hours =  
Work Order Budget x (100% - WBS Manual Progress)/100 

 
·  Factored Forecast Method: 

 
Remaining Work Order Hours =  

Work Order Budget x [WBS EAC/WBS BAC] 
 
Once the system forecasts the remaining labor hours, it applies them to the planned 
schedules of the remaining unfinished work orders. 
 
The system assumes that the equivalent persons work normal 8 labor hours per workday.  
These latter specifications can be over-ridden by the user in the Manpower Range 
Selection window.  The system also assumes that the manpower is level loaded over the 
planned duration unless the work order has been assigned a specific manpower 
distribution curve function described earlier in this chapter. 
 
The user is given an option to apply schedule adjustments by directing the system to 
revise schedules of work orders that have planned schedules which are now past due.  
The system will shift these schedules so that these late-to-finish work orders all have start 
dates equal to the system effective date.  This effective date is recorded on each project 
level and represents that last date a time charge was entered and processed by the system 
against work orders under that project. 
 

Manpower Analysis 
 
The PERCEPTION Manpower Analysis allows the user to generate a variety of 
manpower-related reports.  These reports can be produced in specific incremental time 
slices: on a daily, weekly, monthly, quarterly and yearly basis.  The analysis can be 
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focused upon a specific range of work orders (or estimate Cost Items or schedule 
Planning Activities) selected from the database.   
 
The system compiles the work orders and places their labor hours into appropriate time 
slices.  Figure 13-2 illustrates an example of how the manpower analysis uses the work 
order data to compute the requirements. 
 
If a work order's schedule (start and finish dates) crosses the time slice, its hours are 
prorated and added to other hours already placed into the time slice.  The prorating is 
uniform over the work order's schedule unless the user has defined the work order with a 
manpower curve.  At the conclusion of this process, each time slice has a summation of 
hours and manpower requirements.  
 
The only way that the system can process manpower in this manner is to have a labor 
hour value (budget, actual or forecast) and a time schedule (planned, actual, or revised). 
 

 
 
 

Figure 13-2:  Prorating Work Order Manpower Requirements By Schedule Time Slice 
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Manpower Analysis “Manpower Runs” 
 
A manpower run is a specific selection of data and options.  A manpower run, by 
definition, focuses on the manpower requirements (planned, actual, and forecast) for one 
single project, or group of projects under a contract.  Lower levels of a project WBS also 
can be evaluated. 
 
Once a manpower run has been set up, a variety of reports can be generated from the 
compiled data.  These reports can be either in tabular or graphical form. 
 
Manpower runs can be saved and re-opened display without being re-executed.  Saved 
manpower runs also can be re-executed or updated refresh.  
 
Manpower Analysis “Proposals” 
 
A manpower proposal is a special manpower run that allows the user to superimpose 
upon the forecast remaining manpower requirements of active projects with a maximum 
of six (6) prospective new projects proposals.   
 
New project proposals may be identified either by work orders or Planning Activities or 
as estimate Cost Items that have budget labor hours and planned start and finish dates. 
 
Once a proposal has been set up, a variety of reports can be generated from the compiled 
data.  These reports can be either in tabular or graphical form. 
 
Proposals can be saved and re-opened display without being re-executed.  Saved 
proposals also can be re-executed or updated refresh.  



Chapter 13:  Manpower Planning & Requirements Reporting 
 

 
152 

 

Manpower Analysis Nomenclature 
 
The Manpower Analysis generates a cross-section of manpower related information: 
 

·  Date Beginning:  This is the date at the beginning of the time slice period 
specified by the user.  

·  Date Ending:  This is the date at the end of the time slice period specified by the 
user. 

·  Units from Start:   This is the number of days, weeks or quarters that the time 
slice begins. 

·  Units from End:   This is the number of days, weeks or quarters that the time 
slice ends. 

 
·  Men Estimated:  This is the number of men computed from the estimate Cost 

Items labor hours and estimated schedules for the time slice. 
·  Men Scheduled (Baseline):  This is the number of men computed from the 

scheduling Planning Activities, their budget hours and the baseline schedules for 
the time slice. 

·  Men Planned (Budgeted):  This is the number of men computed from the work 
order budget hours and the current planned schedules for the time slice. 

·  Men Actual:  This is the number of men computed from the actual labor hours 
(including rework charged) and the actual recorded schedules of work orders for 
the time slice. 

·  Men Forecast:  This is the number of men forecast to complete work as 
scheduled for the time slice. 

 
·  Hours Estimated:  This is the number of hours from the estimate Cost Items and 

estimated schedules for the time slice. 
·  Hours Scheduled (Baseline):  This is the number of hours from the scheduling 

Planning Activities and the baseline schedules for the time slice. 
·  Hours Planned (Budgeted):  This is the number of hours planned from budgets 

and planned work order schedules for the time slice. 
·  Hours Actual:  This is the number of actual hours (including rework charged) 

and actual work order schedules for the time slice. 
·  Hours Forecast:  This is the number of hours that are forecast to complete work 

as scheduled for the time slice. 
 

·  Cumulative Men Estimated:  This is the cumulative number of men computed 
from the estimate Cost Items labor hours and estimated schedules for the time 
slice. 
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·  Cumulative Men Scheduled (Baseline):  This is the cumulative number of men 
computed from the Planning Activity budget hours and baseline schedules for the 
time slice. 

·  Cumulative Men Planned (Budgeted):  This is the cumulative number of men 
computed from the work order budgets and the current planned schedules for the 
time slice. 

·  Cumulative Men Actual:  This is the cumulative number of men computed from 
the actual labor hours (including rework charged) and the actual recorded 
schedules of work orders for the time slice. 

·  Cumulative Men Forecast:  This is the cumulative number of men forecast to 
complete work as scheduled for the time slice. 

 
·  Cumulative Hours Estimated:  This is the cumulative number of hours from the 

estimate Cost Items and estimated schedules for the time slice. 
·  Cumulative Hours Scheduled (Baseline):  This is the cumulative number of 

hours from the scheduling Planning Activities and the baseline schedules for the 
time slice. 

·  Cumulative Hours Planned (Budgeted):  This is the cumulative number of 
hours planned from budgets and planned work order schedules for the time slice. 

·  Cumulative Hours Actual:  This is the cumulative number of actual hours 
(including rework charged) and actual work order schedules for the time slice. 

·  Cumulative Hours Forecast:  This is the cumulative number of hours forecast 
complete work as scheduled for the time slice. 
 

Analysis Reports 
 
Manpower analysis reports can be either tabular or graphical and offer a variety of 
options:  
 
Time Granularity: 

·  Daily 
·  Weekly 
·  Monthly 
·  Quarterly 
·  Yearly 
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Fields to Plot, calculated from: 

·  Estimated – From ESTI-MATE Cost Items budget hours 
·  Scheduled – From PERT-PAC Planning Activities budget hours 
·  Planned – From PERCEPTION work order budgets 
·  Actual – From PERCEPTION work order actual hours 
·  Forecast – From PERCEPTION work order forecast hours remaining 

 
Graph Options: 

·  Men or Hours 
·  Cumulative or Distributed 

 

Executing A Manpower Analysis 
 
To use the manpower-reporting tool, select either Environment/Planning & 
Scheduling/Manpower or Environment/Production Engineering/Manpower from the 
main menu.  The Select Process window (Figure 13-3) will open.   
 
 

 
 

Figure 13-3:  Manpower Processing Selections 
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The following outlines each of these manpower-processing selections: 
 

Manpower Runs 
 
A manpower run identifies a particular selection of information compiled for a specific 
manpower analysis.  Several functions are available for processing manpower runs. 
 
Building A Manpower Run  
 
To create a new manpower run, select the first option Build A Manpower Run.  This will 
open the Manpower Run Setup window (Figure 13-4). 
 

 
 

Figure 13-4:  Manpower Run Setup Options 
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Perform the following steps to set up the new manpower run: 
 
Assign A Name To The Manpower Run 
 
The manpower run column will hold up to 40 alphanumeric characters so the manpower 
run name can include information about the options selected.  Additional text can be 
typed into the Description column, which will hold an unlimited number of characters. 

 
Calendar For The Manpower Run 

 
The manpower analysis, except when using actual charges from timecards, honors the 
calendar selected from the drop-down.  The process distributes estimate, baseline 
planned, and forecast hours according to the selected calendar’s workweek and jumps 
over holidays specified for that calendar. 
 
For additional details on setting up calendars, refer to Chapter 5, “Starting From Scratch.” 
 
Select The Elements To Analyze 
 
Briefly, the requirements may be selected from the following choices: 
 

·  Cost Estimate Hours & Schedules – From estimating Cost Items estimated labor 
hours and estimate schedules 

·  Planning Activity Budgets & Schedules – From scheduling Planning Activities 
budget hours and schedules 

·  Work Order Planned Budgets & Schedules – From Work Order budgets and 
current planned schedules 

·  Work Order Actual Hours & Schedules – From Work Order actual hours and 
actual schedules  

·  Work Order Actual Timecard Charges – From Work Order timecard actual 
hours and actual schedules. 

·  Forecast Remaining Work Order Hours & Schedules – From Work Order 
forecast of remaining hours.  The schedules used for this remaining work will be 
either planned work order schedules for remaining work or planned schedules 
adjusted as selected in the Adjust Schedules to Forecast. 

 
Any or all of the above choices may be selected for a manpower run.  
 
WBS Selection Options   
 
Manpower can be calculated for an entire Contract, or for a selected project under the 
contract or for a selected project WBS level.  Select the level to process (Contract, 
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Project, SWBS Account, Zone, COA Group, Sub Group or Item, Center or Trade).  Then 
choose the correct contract, project and level from the drop-down list boxes. 
 
Alternatively, if greater selection details are desired, the Advanced Option allows the user 
to focus on a variety of selection ranges of WBS levels, work centers, trades, date range, 
etc. (Figure 13-5). 
 

 
 

Figure 13-5:  Advanced Manpower Selection Options 

 
 
Forecasting Manpower For Remaining Work Order Hours & Schedules 

 
If Forecast Remaining Work Order Hours & Schedules is selected, then the Select the 
WBS To Forecast To options will become active.  In addition, so will Adjust Schedules to 
Forecast and Forecasting Method. 
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To develop the forecast of manpower requirements for remaining work, the system 
collects from within the range of work orders only those orders that are either incomplete 
(not closed) or un-started.  From this collection of work orders, the system converts the 
forecast of remaining man-hours into equivalent persons per day over the remaining 
duration of the work order schedule (start to finish).  The system assumes that the 
equivalent persons have a workweek as specified by the selected Manpower Calendar. 
 
The system also assumes that the manpower is level loaded over the remaining work 
order duration unless the work order has been assigned a specific Manpower Curve 
function.  For additional details on Manpower Curves, refer to Chapter 7, “Defining 
Project Work Orders.” 
 
The Forecasting Method enables the user to select the method by which the analysis will 
determine work completed: 
 

·  Manual Forecast 
·  System Forecast 

 
Manual Forecast Method 
 
The Manual Forecast method uses the remaining work order budget as the forecast of 
remaining work: 
 

Remaining Budget Hours = B x (100%-P)/100. , 
 
Where 

B = total work order budget 
P = percent manual progress of the work order 

 
Un-started work orders are assumed to be at zero percent progress.  Completed work 
orders (closed by the system) are ignored in the remaining work manpower forecasts. 

 
If a work order has been completed, the system will ignore this work order and not 
include it in forecasting remaining work requirements. 
 
System Forecast Method 
 
The System Forecast method computes remaining hours for work orders adjusted to 
reflect current budget performance of work completed.  The system assumes that budgets 
are a measure of the scope of work.  An overrun typically indicates that the scope of work 
is really more than what was planned in the budget.  For this condition, one might expect 
that manpower requirements based upon the budget may be insufficient, particularly if 
planned schedules are to be maintained.  Similarly, an under-run may indicate that the 
scope of work is less than planned, and one might expect that manpower can be reduced 
for this condition. 
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The System Forecast method computes remaining work order hours as follows: 
 

Forecast Remaining Hours = B x Fs - A, 
 
Where 
 

B = total work order budget 
Fs= budget performance factor 
A = total actual hours charged to date 

 
The remaining budget hours are the hours of incomplete work orders and their pro-rated 
budgets of work to complete.  If a work order has been completed, the system will ignore 
this work order and not include it in forecasting remaining work requirements. 
 
The system’s performance factor is computed on the basis of the budget performance of a 
WBS level that best characterizes the overall performance of groups of work orders.  If 
the WBS level is performing poorly, for example, the system will assume that the work 
orders under that particular WBS level share some measure of the performance problems.  
The system computes the work order performance factor as follows: 

 
Budget Performance Factor = EAC/BAC 

 
Where EAC is the Estimated hours At Completion for the WBS Level and BAC is the 
Budget hours At Completion for the WBS Level.  Refer to “Automated Progress & Cost 
Forecasting,” for a full explanation of how the EAC calculations are performed.   
 
WBS To Forecast To 
 
PERCEPTION’s manpower forecasting calculations are done at more detailed levels than 
at the total project.  The user may select the forecasting to be done either by the SWBS 
Account or the COA Sub-Group level.  If by SWBS Account, the system will sort 
unfinished work orders by SWBS Account and forecast manpower requirements by 
account depending on each account’s budget performance (EAC/BAC).  This way, some 
SWBS accounts may require more manpower than planned while others that are under-
running will have lower manpower requirements than planned.  Similarly, if the user 
selects forecasting to be done on the basis of COA Sub-Group, the system will sort 
unfinished work orders by COA Sub-Group and forecast manpower requirements sub-
group by sub-group depending on each sub-group’s budget performance.   

 
Forecast Schedule Adjustments 
 
The user may elect to produce remaining manpower requirements by either maintaining 
planned schedules Maintain Schedules or revising them to suit actual schedule 
performance.   
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Using planned schedules to compute remaining manpower requirements may not be 
correct for all circumstances.  When using the option to revise the work order schedules, 
the system performs the following schedule changes: 
 

a) The work order has not yet been started (no progress): 
 

·  If the scheduled start date still is in the future (relative to the current 
system date), the system will maintain the same planned schedule. 

 
·  If the scheduled start date has past, the system will re-plan (shift 

schedules) the start to the current system date, maintaining the original 
duration. 

 
b) The work order has been started, but not completed (interim progress): 

 
·  If the scheduled finish date still is in the future, the system will maintain 

this planned schedule.  The start for remaining work will be the current 
system date. 

 
·  If the scheduled finish date has past, the system will compute remaining 

workdays ([100%-progress] x total planned work days/100) and re-
schedule remaining work starting today through the computed remaining 
work days.   

 
Any revisions to schedules are automatically reported to the user by the system on a 
printed report. 

 
WARNING:  When the system revises schedule, the system may reschedule work 
orders out of their proper work schedule sequence.  Unlike critical path scheduling, 
the Manpower Analysis Module has no work sequencing information within its 
processing capabilities. 
 
NOTE:  These schedule changes are only temporary for the forecasting calculations 
and are not stored on the database of work orders. 
 

 
Executing The Manpower Run 
 
Once the selections have been completed, click on the OK button on the manpower run 
Options window, and the system will proceed to collect the required information and 
produce the analysis results. 
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The output data produced by the manpower calculations is presented in worksheet 
window format (Figure 13-6). 
 

 
 

Figure 13-6:  Manpower Run Processor Output 

 
 
Manpower Analysis Tabular Reports 
 

By clicking on Run Reports button  on the toolbar, the system provides a series of 
report options (Figure 13-7) that produce the report in terms of labor hours or manpower 
and the time frame granularity (by day, week, month, etc.).  Click on the desired selection 
to generate the report.  Figure 13-8 provides a sample. 
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Figure 13-7:  Manpower Report Specifications 
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Figure 13-8:  Sample Tabular Manpower Report 

 
 
Manpower Analysis Graphical Reports 
 
From the manpower run process output worksheet (Figure 13-6), click on the Create 

Graph on the pop up menu, or more directly click on the Create Graph button  on 
the window toolbar.  The system will respond with a pop up window (Figure 13-9) that 
allows the user to set the options to produce the graphic report in terms of labor hours or 
manpower and the time frame granularity (by day, week, month, quarterly or yearly).  
Here, the user may also choose whether to display planned, actual and/or forecast 
manpower. 
 
Click on the desired selection to generate the report.  Figure 13-10 provides a sample.   
 
 



Chapter 13:  Manpower Planning & Requirements Reporting 
 

 
164 

 
 

Figure 13-9:  Manpower Graph Specifications 
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Figure 13-10:  Sample Graphical Manpower Report (Planned, Actual & Forecast) 
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Graphical reports, like all PERCEPTION graphics can be modified to suit the user’s 
needs.  While a graphical report window is open, right click anywhere on the graph for a 
pop up menu and select the Chart Designer.   The system will display the Chart Designer 
options window (Figure 13-11).  The user may add titles, footnotes and the like.  A 
variety of chart formats also can be specified.  The following formats are recommended, 
although the user may wish to try others too: 
 

·  For manpower requirements profiles (Manpower Processor – Graphical Tool, 
Graph Options, Men and Distributions):  Select Step format (Figure 13-10).  If 
some information is hidden behind others, the user may click on the Series option 
and move the layers of information so that those that are hidden are more visible. 

 
·  For Accumulative Hours profiles (Manpower Processor – Graphical Tool, Graph 

Options:  Hours and Accumulative):  Select Line format (Figure 13-12). 
 
 

 
 
 

Figure 13-11:  Chart Designer Options 
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Figure 13-12:  Sample Accumulative Hours Line Format 

 
Figure 13-13 provides some examples of alternative displays. 
 

 
Figure 13-13:  Manpower Graphics Selected Choices 
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If the Step format fails to show one of the manpower profiles that is hidden behind 
another (for example, actual manpower versus planned), click on the Series option on the 
right, then click on the Order tab.  Move the hidden profile Up to bring it into the 
forefront of the graph (Figure 13-14). 
 

 
 

Figure 13-14:  Ordering Visibility Of Different Manpower Profiles 

 
To change colors, click on the Series option on the left.  Then click on the series for the 
color change.  If the graph is a line graph, change the color on the Line tab window 
(Figure 13-15).  If the graph is an area or step graph that uses a fill, click on Series, the 
series to change, and then Data Point.  Change the color on the Fill  tab window (Figure 
13-16). 
 

 
 

Figure 13-15:  Changing Line Graph Colors 

 



Chapter 13:  Manpower Planning & Requirements Reporting 
 

 
169 

 
 

Figure 13-16:  Changing Fill Graph Colors 

 
Other options are available in the Chart Designer for the user to customize the graphic 
report. 
 
Saving Graphs:  The user can save the graph by selecting Save As from the graph’s pop 
up menu.  These saved graphs can be viewed later as described below in Display 
Manpower Graphs.  The graph name will hold up to 40 alphanumeric characters so it can 
include information about the options selected.  Additional text can be typed into the 
Description column, which will hold an unlimited number of characters. 
 
Merge Manpower Runs 
 
Two manpower runs can be merged (either added together or one subtracted from the 
other) to produce a third manpower run. 
 
The user can create a new merged manpower run by clicking Merge Manpower Runs in 
the Select Process (Figure 13-3) window.  The system will display a Manpower Run 
selection window (Figure 13-17). 
 
The 2nd manpower run can be added to the 1st manpower run or subtracted from the 1st.  
The resulting output merged manpower run name must be provided. 
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Figure 13-17:  Merging Manpower Runs 

 
The following are the merge options: 
 

1. Whether or not to view the output. 
2. Limit the time frame to accommodate only the time duration of the first run. 
3. Limit the time frame to accommodate only the time duration of the second run. 

 
If the time fame is not limited to that of either run, it will expand to accommodate all of 
the manpower requirements for both runs. 
 
Build & Run A Manpower Batch  
 
Multiple manpower runs can be created and run in batch mode.  This allows them to be 
run over night or some other time on an unattended PC.  The output data for each run will 
be saved with the manpower run name identifiers and can be viewed and graphed and/or 
reported at any time. 
 

To perform the batch run process, select Build and Run a Manpower Batch from the 
Select Process (Figure 13-3) window.  This will open the Manpower Batch Facility 
window (Figure 13-18). 
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Figure 13-18:  Batch Processing Facility 

 
From the Select Manpower Run drop-down window, select a run to process and click on 
the Add button to place it into the batch run scenario list at the bottom of the window.  
Continue building and adding manpower runs as necessary.  When all desired manpower 
runs have been selected, click on the OK button to begin processing.  The output 
calculations can be viewed, graphed and maintained like any other manpower run that has 
been saved. 
 
Display Manpower Run 
 
A manpower run that already has been built can be retrieved and re-processed by clicking 
on Display A Manpower Run in the Select Process window (Figure 13-3).  The system 
will display a manpower run selection window (Figure 13-19) for the user to make the 
required selection. 
 

 
 

Figure 13-19:  Selecting Manpower Run To Re-Load 

 
After the user clicks the OK button, the system will re-load the already compiled 
manpower run results into a Manpower Processor Output worksheet.  From there, the 
user can produce additional tabular reports and graphs as needed. 
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Display Manpower Graph 
 
Manpower run graphs that already have been created and saved can be retrieved and re-
configured by clicking on Display a Manpower Graph in the Select Process window 
(Figure 13-3).  The system will display a manpower run graph selection window (Figure 
13-20) for the user to make the required selection. 
 

 
 

Figure 13-20:  Selecting A Manpower Graph To Re-Load 

 
After the user clicks the OK button, the system will display the manpower run graph. 
From there, the user can print additional copies of the graph or modify it using the Chart 
Designer options from the pop up menu displayed with a right click anywhere on the 
graph area. 

 
Refresh Manpower Run 
 
An existing manpower analysis can be re-processed without having to build a new 
manpower run.  Re-processing, or refreshing a manpower run can be useful when the 
analysis data needs to be updated. 
 
Manpower runs that already have been built can be re-processed by clicking on Refresh a 
Manpower Run in the Select Process window (Figure 13-3).  The system will display a 
manpower run selection window (Figure 13-21) for the user to make the required 
selection. 
 

 
 

Figure 13-21:  Selecting Manpower Run To Refresh 

 
After the user identifies the manpower run to refresh and clicks the OK button, the system 
will re-process the run and re-generate an updated Manpower Run Output worksheet for 
that run.  From there, the user can produce tabular reports and graphs as needed. 
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Delete Manpower Run 
 
As projects are completed and historical information archived, the user will want to 
delete information no longer needed.  Manpower runs can be deleted by clicking Delete a 
Manpower Run in the Select Process window.  The system will display a manpower run 
list worksheet (Figure 13-22).  By highlighting those manpower runs to be deleted, then 

clicking on the Delete button  on the toolbar, and finally saving these transactions, the 
manpower runs, complete with any associated saved graphs, will be deleted from the 
database. 
 

 
 

Figure 13-22:  Manpower Run List Worksheet 

 
Delete Manpower Graphs 
 
Manpower run graphs also can be deleted individually by clicking Delete a Manpower 
Graph in the Select Process window.  The system will display a manpower graph list 
worksheet (Figure 13-23).  By highlighting those manpower graph runs to be deleted, 

then clicking on the Delete button  on the toolbar, and finally saving these 
transactions, the graphs will be deleted from the database. 
 

 
 

Figure 13-23:  Selecting Manpower Graph To Delete 
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Manpower Proposals 
 
The manpower proposal processor works very much like the manpower run processor 
with the exception that it is designed to merge selected projects into two manpower 
groups: 
 

·  Active projects and their manpower requirements 
·  Proposed projects and their manpower requirements 

 
The system then calculates the combined manpower requirements.  Any number of active 
projects can be selected, and a maximum of six (6) proposed projects.  The manpower 
requirements for the active projects are based upon forecasts of remaining work.  All 
active projects selected by the user are grouped together by the system.  The budgeted 
and planned manpower requirements of the selected proposed projects are then 
superimposed upon the active project’s total manpower to provide a net total manpower 
profile. 
 
The sample graph shown in Figure 13-24 was plotted from a proposal that added four 
projects to the active work and shows the weekly man-hour requirements for the 
combined projects.  The manpower requirements of the proposed projects are 
individually displayed.  The legend shows the proposed projects by contract number and 
project number. 

 

 
Figure 13-24:  Proposal Graph Showing 3 New Projects On Top Of Active Backlog 
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Build Proposal  
 
To create a new proposal manpower run, select the processor option, Build A Manpower 
Run For Proposed Work.  This will open the Build Proposed Manpower setup window 
(Figure 13-25). 
 

 
 

Figure 13-25:  Proposal Setup 

 
 
Perform the following steps to build a manpower proposal analysis: 
 
1. Using the selections in the list box for Active Projects, select (highlight) the first 

active project to use in the calculations.  Click on the Add button or drag the desired 
projects to the right-hand collection box of the top half of the selection window.  As 
many active projects as necessary can be selected and added in this manner. 
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2. The data for the active projects is gathered from work orders.  The data used from 

these work orders are the forecasts of the remaining work.  This work is based on 
either manual or the system’s assessment of remaining work with schedule 
adjustments as described above for manpower runs. 

 
3. Using the selections in the list box for Proposed Projects, select (highlight) the first 

proposed project to use in the calculations.  Click on the Add button or drag the 
desired projects to the right-hand collection box of the bottom half of the selection 
window.  A maximum of six (6) proposed projects can be selected and added in this 
manner.   

 
4. Select the data source (estimate Cost Items, scheduling Planning Activities or Work 

Orders) for the proposed projects.  The system will compute manpower from Cost 
Item estimated hours and estimated schedules; from Planning Activity baseline hours 
and schedules; or from Work Order budget hours and planned schedules.   Only one 
source option can be chosen for all selected proposed projects.  

 
When all selections and options have been made, click on the OK button and the system 
will display the final setup, Build Proposal Setup, Figure 13-26.  Here, the user should 
identify the proposal run and to what level of detail: project, work center or production 
trade. 
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Figure 13-26:  Manpower Proposal Setups 

 
Display Proposal 
 
Clicking on Display a Proposal in the Select Process window can retrieve proposals that 
already have been built.  The system will display a proposal selection window for the 
user to make the required selection.  After the desired proposal has been selected, the 
system will open that proposal’s output results worksheet. 
 
Display Proposal Graph 
 
Proposal graphs that already have been created and saved can be retrieved and re-
configured by clicking on Display a Proposal Graph in the Select Process window.  The 
system will display a proposal graph selection window for the user to make the required 
selection. 



Chapter 13:  Manpower Planning & Requirements Reporting 
 

 
178 

 
Delete Proposals 
 
As projects are completed and historical information archived, the user will want to 
delete information no longer needed.  Manpower proposal runs can be deleted by clicking 
Delete a Proposal Run in the Select Process window.  The system will display a proposal 
list worksheet.  By highlighting those proposals to be deleted, then clicking on the delete 

button  on the toolbar, and finally saving these transactions, the proposals, complete 
with any associated saved graphs, will be deleted from the database. 
 
Delete Proposal Graphs 
 
Proposal graphs also can be deleted individually by clicking Delete a Proposal Graph in 
the Select Process window.  The system will display a proposal graph list worksheet.  By 

highlighting those proposal graphs to be deleted, then clicking on the delete button  
on the toolbar, and finally saving these transactions, the proposal graphs will be deleted 
from the database. 
 

Work Order Budget Distribution Functions 
 
Normally, the manpower allocation software assumes a level loading of effort over the 
prescribed work order planned schedules.  However, the user can specify different 
loadings by defining for the work order a distribution function that suits the user’s needs. 



Chapter 13:  Manpower Planning & Requirements Reporting 
 

 
179 

 
Figure 13-27 presents a variety of time phase distribution functions available to be 
assigned to work orders.  A curve number identifies each function (refer to Defining 
Project Work Orders).  By default, if a work order has no curve number defined, the 
system assumes that its labor hours will be expended evenly over the scheduled duration, 
from planned start date through to the planned finish date.  However, if a distribution 
curve has been assigned, the manpower analysis will apply the distribution curve to the 
total man-hour budget over the work order’s planned schedule.  For example, if the curve 
is number 5 (30/70 curve), 30% of the total work order budget will be assumed to be 
expended half way through the work order’s work schedule. 

 
Figure 13-27:  Manpower Distribution Curves 
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Exporting Analysis Data 
 
As an alternative, the output data can be copied and pasted into a spreadsheet or database 
program and individualized analysis performed on the data.  To copy the data from the 
output worksheet window: 
 

1. Click on the upper left corner of the worksheet to select all rows of data. 
2. Click on Edit/Bulk Copy from the main menu. 

 
The system will ask the user if the worksheet title headings should also be copied 
(recommended).  The entire data in the worksheet will now be available to paste into 
EXCEL or whatever desktop software is to receive the data. 
 
The user also may selectively identify what rows to bulk copy using either the Shift 
and/or Ctrl keys: 
 

1. Select the rows to be copied by clicking on the left-most row number column.  
Hold down the Ctrl key to continue selecting multiple rows. 

2. And/or, click on the left-most row number of the first row in a contiguous group 
of rows to be copied.  Hold down the Shift key, then click on the last row number 
of the group, but holding down the shift key. 

3. Click on Edit/Bulk Copy from the main menu. 
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Chapter 14:  Automated Progress & Cost Forecasting 
 
 
PERCEPTION� unlike any other system, uses a unique and well-proven approach for 
measuring work progress and forecasting final labor hour costs.  The system also 
dollarizes these labor hour forecasts.  The basis for these computations is the project's 
performance to work order budgets as they open and close throughout the course of a 
project's execution.  As work orders are closed, the system advances progress and 
computes how well or not well the budgets are being maintained and forecasts the 
performance trend toward a final total cost estimate. 
 
After 25 years of experience in different industries and under a wide variety of 
circumstances, the methods used by PERCEPTION for forecasting final labor costs have 
proved to be highly reliable and realistic.  Unlike manual progress assessments,�
PERCEPTION uses a systematic approach to performance measurement that alerts 
management to problems long before manual methods are able, or willing, to recognize 
that problems do exist. 
 

Forecasting Labor Hours 
 
Briefly, the PERCEPTION method for forecasting final labor hours is to apply some 
measure of known budget performance to remaining work.  For example, if work orders 
are overrunning on an average of 15%, it might be reasonable to assume that the final 
cost also is likely to be an overrun as well.  The problem however is to determine how 
much? 
 
It is perhaps not reasonable to expect that after only a few early work order overruns that 
the entire project should be forecast to suffer exactly the same degree of overrun at the 
finish.  While this eventually may be indeed the case, no one typically wishes to predict 
such dire consequences when there still remain considerable opportunities to turn things 
around.  We all tend to be eternal optimists, and if we must deviate from plan in order to 
rescue a problematic project, we will do so and often times are successful.  However, the 
secret for success lies in having sufficient resources to effectively implement corrective 
action and, perhaps more importantly, have enough time to let these actions be 
productive. 
 
On the other hand, if not much work remains, and the project suffers from this 15% 
overrun, then the final outcome is likely to be closer to a 15% overrun than not.  There is 
not enough time left in the project to turn things around. 
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From the above discussion, facts (known work order performance) need to be balanced in 
some way with an acceptable method for predicting what is not yet factually known 
(performance of remaining work).  This is exactly the approach taken by PERCEPTION 
in its calculations of final costs at completion: 
 

NOTE:  At early stages of the project, the system heavily discounts early budget 
variances (excess start-up time, etc.), as�PERCEPTION tries to apply current 
overrun or under-run performance to a final forecast figure.  As progress 
advances, however, the discounting process becomes less significant.  When all 
the work orders have been completed,�PERCEPTION applies the full values of 
variances for the final figure. 

 
In practical terms, this method of forecasting moderates early indications of cost 
variances and assumes considerable credibility of remaining work budgets.  As more 
work is completed, the system begins to swing the emphasis away from remaining no-
variance budgets and more towards an increasingly greater acceptance of the current full 
cost variance. 
 

 
 

Figure 14-1:  PERCEPTION Forecasting Factors 
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PERCEPTION employs different methods for different situations. The system places 
more emphasis on overruns than it does on under-runs in its final cost forecasting 
calculations. The reason for this is to catch management's attention early about problems, 
but to not allow management to get too optimistic, and perhaps complacent, about early 
savings. 
 
Figure 14-1 illustrates the factors developed by PERCEPTION to apply to current budget 
variances (overruns and under-runs).  These factors start off very small and as progress 
advances, the factors increase until at 100 percent progress, they equal 1.0. The general 
formula for how the system applies the factor to compute the forecast cost at completion 
is given as follows: 
 

EAC = BAC + Factor x [Variance closed w/os + Adjustments in-progress w/os] 
 
Where EAC is the forecast estimate at completion and BAC is the total budget (at 
completion).  Variance closed w/os  is the sum of budget variances from closed work orders, 
and Adjustments in-progress w/os  are system-applied adjustments for variances of in-progress 
work. 
 
Because of it’s discounting of early budget variances,�PERCEPTION forecasts should be 
considered conservative.  But because variance trends are noted early by the system, 
management has more opportunities to correct serious production problems before they 
reach crisis proportions. 
 
As work progresses,�PERCEPTION may exhibit some fluctuations in the final cost 
projections.  Usually these fluctuations are moderate and the final cost forecasts do not 
change dramatically as the progress advances.  Unless all work progresses at the same 
rate of performance, these fluctuations are inevitable and normal.  In fact, what may seem 
to be an inherent drawback to�PERCEPTION is really an advantage.��PERCEPTION must 
be sensitive enough to respond to changes that may be imposed by management upon 
work performance, yet remain stable without introducing wild changes in forecasts week 
to week.��PERCEPTION has a long reputation for producing accurate, stable, yet 
responsive forecasts, and this has enhanced the system's high level of confidence by 
users. 
 
Fluctuations will occur under the following circumstances: 
 

·  Work patterns within the given collection of work orders may change for better or 
for worse, such that the average budget variances become smaller or larger as 
additional work orders are completed.  Use of the variance factoring approach for 
the forecasting calculation will moderate initial large variances, and some 
smoothing of successive projections then should occur as work progresses. 
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·  Labor incorrectly or belatedly charged (i.e., hours after close) to complete work 
orders will always increase final cost projections.  These additional labor hours 
will alter the system’s earlier measured budget variances of what was previously 
considered completed work.  These new labor charges will cause forecasts of the 
remaining work to be projected at higher figures.  If labor is incorrectly charged 
to the wrong work order, projections will rise unless the incorrect work orders are 
generally performing better than the correct ones. Obviously, this situation 
requires corrections to the database, and management needs to intervene to make 
certain incorrect charging does not continue.  PERCEPTION provides a variety of 
time charge validations, and transaction reporting is available at the time charge 
level of detail. 

 
·  If a group of un-started or incomplete work orders are suddenly closed, the final 

cost projection will take a sudden drop-down to the current total of accumulated 
labor hours.  The size of the drop depends upon the amount of the budget unused 
and upon how well (or badly) the work orders had been performing just prior to 
the closing.   

 
·  Rework work orders do not contribute to progress in the project.  Therefore, 

rework time charges will increase the forecast final cost without any benefit of 
gaining any earned value from the budget.  If rework work orders are planned 
with budgets, these budgets are not included in the earned value calculations, but 
they are included in the EAC computations for remaining work. 

 
Appendix IV provides comparisons of different methods for determining EAC. 
 

Forecasting with Rework 
 
Normally, PERCEPTION treats work orders as having the basic ability to advance 
progress.  The maximum amount of progress that a work order can contribute to overall 
progress is the ratio of the work order budget to the total budget for the given level of the 
WBS. 
 
PERCEPTION, however, has features for accommodating rework, and the system 
assumes that rework is cost incurred outside the normal work budget and contributes 
nothing to progress.  Rework can be charged against a normal work order, and the system 
segregates rework charges from normal charges.   
 
A work order also may be specifically identified as a rework work order, whereupon the 
system assumes that all charges made against the rework work order are totally rework 
charges. 
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PERCEPTION includes rework charges with normal charges when reporting the actual 
cost of work performed (ACWP).  However, when computing the estimated cost at 
completion (EAC), the system processes rework separately from normal work 
performance to budget. 
 
The system performs the following in its calculation of EAC: 
 

a) For normal work orders, the system computes EAC according to the procedure 
outlined above.  Completed work orders provide the statistical basis for the 
system’s factored application of over-runs and under-runs to the EAC.  The 
system assumes that any WBS budget not yet assigned to open and/or closed 
work orders will be affected to some degree by the current work order budget 
performance. 

b) If rework is charged against a normal work order with budget, the rework charges 
are simply added to the EAC computed from the normal work order performance 
EAC forecast procedure.  The system assumes that the budget applies only for 
normal work, not for any rework charges. 

c) If rework is charged against a rework work order that has its own budget, that 
budget is treated by the system as a rework budget only.  The performance of 
rework charges against rework budgets are processed for a rework EAC that is 
added to the normal work order performance EAC forecasts. 

 
WBS level budgets should be only for normal work, and should not include any effort 
identified for rework.  The WBS level budget may be equal to or more than the sum of 
normal work order budgets.  If the WBS level budget is greater than the sum of normal 
work order budgets, the system will always assume that planning has not yet been 
completed, but remaining work orders eventually will be added to the project.  This 
remaining portion of WBS budget will be included in the EAC calculations and will be 
influenced by actual work order budget performance information. 
 

Forecasting All Levels of Project WBS 
 
PERCEPTION develops forecasts of final costs at project summary levels higher than the 
work orders.  Forecasts are generated for the following summary levels as defined for the 
project by the user: 
 

·  Total contract 
·  Total project 
·  SWBS cost groups & cost accounts 
·  All defined levels of the PWBS 
·  All defined levels of the company COA 
·  The project work centers 
·  The production trades 
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The point of view for which a forecast is made determines what work orders are used for 
the analysis.  A forecast for a SWBS cost account will cause the system to select only the 
work orders that are defined for that account.  A forecast for a level of the PWBS will 
cause the system to select only the work orders defined for that PWBS level. 
 
One could expect that the total forecasts for all WBS accounts should equal the total 
forecasts for the PWBS and for the COA.  However, this is not likely to be exactly the 
case, because the sets of forecasting factors developed by the system for each point of 
view can be very different.  What this really means is that there are some points of view 
that should be regarded as better than others for forecasting purposes. 
 
A good forecast may imply that there is some consistency in the way work has been 
executed.  Some points of view contain work that is more consistent and these will have 
forecasts that are better than others. 
 
If the SWBS defines engineered systems, such as ship systems, each system will include 
work from various different production processes, from fabrication, assembly and 
perhaps even testing.  If the cost variance from fabrication proves to be a problem, but 
assembly work has stayed on budget, the early forecasts of the SWBS account will be 
somewhat negative for assembly, only because the forecasting method uses fabrication 
performance to predict the performance of the assembly work.   
 
Later, when assembly work gets under way, its improved performance will begin to 
moderate the negative effects of the earlier fabrication work. 
 
Forecasting for the PWBS also is likely to exhibit some differences in the type of work 
being executed.  Therefore, PWBS forecasts can have similar inconsistencies as for 
SWBS accounts. 
 
From the point of view of COA work center performance, fabrication forecasts are 
developed independently from those for assembly work.  Each work center is evaluated 
not just on the basis of one SWBS system account, but for all work orders of other 
accounts being worked on by that work center.  Poor fabrication performance for any 
given account now will be used as a measure of performance for all other fabrication 
work orders.  Since one might assume that the work orders for a given work center 
describe more or less the same kind of work to be done, this consistency should yield 
better total cost forecasts as work for the project is executed and completed. 
 
The following are the various forecast reports and their expected level of forecast 
accuracy (they all will agree when the contract is 100% finish!): 
 

·  Work center forecasts are based upon work orders that are more or less of the 
same work processes.  This consistency should produce the most accurate 
total cost variance forecast. 
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·  Trade forecasts are based upon work order trade performance.  Since trades 
generally do similar work tasks, the forecasts should be fairly accurate.  
However, since trades actually do different manufacturing processes (for 
example, pipe fitters cut pipe, bend pipe, assemble on-unit, assemble on-board 
and test systems), this variety may lead to some measure of inconsistency in 
performance and yield less accurate total trade forecasts. 

·  SWBS accounts that represent engineered systems are based upon work orders 
that are defined for the various production processes required by fabricating 
and building them.  Account forecasts can suffer consistency problems that 
are perhaps even greater than those for the trade forecasts.  If accounts define 
systems that are generally to be built by a specific trade (for example, wash 
down system by pipe fitters), the account forecasts should not be any worse 
than what one would expect from a trade forecast.  However, if an account 
includes work for multiple trades and involving a divergence of different 
production processes, the forecasts may not be so reliable. 

·  The SWBS cost group forecast is merely the summation of SWBS account 
forecasts defined under that group.  The group forecast, therefore, is 
dependent upon the quality of the individual account forecasts.  However, if a 
poor quality account forecast is relatively small compared to other accounts in 
the group, the group forecast is not likely to be compromised too much. 

·  The PWBS lower level forecasts, like for assemblies, are based upon work 
orders defined to manufacture and build the defined interim products.  Here, 
there is some consistency of work, although there are several very different 
production processes involved.  Forecasts may therefore not be quite so good.   

 
The PWBS higher level forecasts, like for ship zones, are probably the least accurate, 
since these include work across a wide range of engineered systems (SWBS accounts), 
trades, work centers (processes), and units (including outfit modules, if used).  Zone 
forecasts are not a summation of unit forecasts. 

Automated WBS Level Progress Assessment 
 
Another of PERCEPTION’s capabilities as a performance measurement system is its 
ability to measure work progress at any summary level of a project (SWBS, PWBS, COA 
work center, and production trade).  The basis for these measurements is the labor hour 
budget performance of work orders. 
 
Under most circumstances,�PERCEPTION computes progress with the following 
formula: 
 

P = 100 x (ACWP/EAC), 
 
where 
 

·  "P" is the progress. 
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·  "ACWP" is its total accumulated labor hours charged to date (actual cost of work 
performed), not including rework, which contributes to no progress. 

·  "EAC" is the current forecast total labor hours at completion.   
 
There are numerous special conditions that require�PERCEPTION to make adjustments 
that are not apparent in this brief discussion. 
 
Appendix III provides some comparisons of different methods for determining progress. 
 

Manual Work Order Progress Assessment 
 
The user may enter a manual progress assessment for any�work order. 
 
When work orders are closed, they are automatically given a 100 per cent progress by the 
system.  If the work order is subsequently re-opened, the system automatically sets the 
manual progress back to 80%, which the user can over-ride. 
 
With a work order manual progress, the system will compute an estimated time  (hours) 
to complete, or ETC: 
 
   ETC = B*(100-P)/100 
 
Where   B = work order budget labor hours 
   P = manual progress 
 

WBS Rollup of Manual Work Order Progress Assessment 
 
When the system performs the Production Rollup of labor performance, it summarizes at 
all defined project WBS levels the progress as computed by the system.  It also rolls up 
the manual progress figures from the work orders. 
 
The system maintains an historical tracking of both progress assessments.  A report of 
these progress assessments can be viewed using the graphical report.  See chapter 
Graphics Reports for details. 
 

Earned Value Assessment 
 
Earned value is a measure of progress as related to the budget.  Earned value also is 
called Budget Cost of Work Performed (BCWP).  It is the amount of the total budget 
(i.e., Budget At completion, or BAC) that correlates with progress, regardless of how 
much cost was expended to achieve it.   
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In simplified terms, 
 
 BCWP = [% Progress/100] x BAC 
 
The system measures earned value at all levels of the WBS (Contract, Project, SWBS, 
PWBS, COA, Work Centers and Trades).  The earned value at any of these levels 
summarizes cost performance for that level.  And when measured against the Actual Cost 
of Work Performed (ACWP), it provides a measure of work efficiency.  The Cost 
Performance Index (CPI) is that measure of budget efficiency: 
 
 CPI = [BCWP/ACWP] x 100 
 
When ACWP equals BCWP, work is being performed on budget and efficiency is 100%.  
When ACWP is greater than BCWP, work is being performed over running its budget 
and efficiency is less than 100%.  When ACWP is less than BCWP, work is being 
performed under running its budget and efficiency is more than 100%. 
 
Trying to measure earned value at the work order level often misses the forest for the 
trees.  What should be monitored, at the work order level, is that a) each work center is 
assigned sufficient work to keep it busy and productive; that b) the work schedule-wise 
directly supports later stages of construction, and c) the work orders in general are 
keeping to their schedules and to their budgets.  Worrying about their individuals earned 
values can waste valuable time, as some work orders will be on target, others not.  What 
is more important is that the overall performance of work in a work center is measuring 
good productivity.  If not, go fix the problem.  The system provides work order reports 
that easily indicate cost and schedule problems that require attention and resolution. 
 
Poor work center performance may be due to an adverse impact of problems originating 
from an earlier stage of construction, poor resource scheduling, engineering problems, or 
poor execution of work by the work center.  Performance problems also may be 
evidenced by inadequate budgets resulting from poor estimates and failure to recognize 
the true scope of work involved. 
 
Appendix V provides a variety of graphic reports that show work center efficiency.  
Management should focus on those work centers that exhibit biggest concerns and that 
are the cost drivers of the overall effort in the shipyard.  These are the work centers that 
should be the focus of serious on-going evaluation of what can be done to make them 
more productive and where process improvement should be management’s constant goal. 
 

Computing Weeks Ahead/Behind Schedule 
 
Schedule variance is computed by PERCEPTION from the following information 
compiled by the system: 
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Schedule Variance (labor hours) = BCWP - BCWS 

 
BCWS, the budgeted cost of work scheduled, is the total budget planned to have been 
expended at the time of the current report date (today).  By definition, BCWS is the total 
budget distributed over time (scheduled).  Without a time phasing of the budget, there can 
be no way to determine what portion of the budget should be expended by any given 
report date.  Figure 14-3 illustrates the method. 
 

 
Figure 14-3:  Planned Vs Actual Distribution of Cost 

 
In PERCEPTION, the labor hour budget is allocated at an elemental level: the project 
work orders, each of which is scheduled either manually or automatically via the 
system’s scheduling functions.  PERCEPTION computes the BCWS by scanning all 
project work orders and adding the budgets that have planned finish dates prior to the 
report date (Figure 14-4).  Work orders that have planned start dates prior to the report 
date, but finish dates later than the report date also contribute to the BCWS on a working 
day pro-rata basis. 
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Figure 14-4:  Cost Distributions Developed From Work Order Schedules 

 
BCWP, the budgeted cost of work performed, is the portion of the total budget earned or 
accomplished by the progress made to date on the project.  PERCEPTION computes the 
BCWP in the following manner: 
 

BCWP = [Progress x BAC]/100 
 
Where BAC is the total budget at completion (sum of all work order budgets).  
PERCEPTION develops the progress using either its automated statistical measurement 
algorithms or manual entries. 
 
Figure 14-5 illustrates the relationships between BCWS and BCWP. 
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Figure 14-5:  Measuring Schedule Variance From BCWS and BCWP 

 
Schedule variance can be measured in terms of both labor hours ahead/behind schedule 
and calendar weeks ahead/behind schedule.  The schedule variance for labor hours is the 
difference between BCWS and BCWP.  The variance of calendar weeks measures the 
time between the current report date (today) and the time along the BCWS expenditure 
curve corresponding to BCWP.  If BCWP is later than today's BCWS, then the project is 
ahead of schedule; the project has accomplished more that what was planned.  The 
obverse is the case when BCWP is earlier than today; less has been accomplished than 
planned and the project is behind schedule. 
 
The process for determining where BCWP occurs along the time-phased BCWS curve 
requires PERCEPTION to develop the BCWS curve from the budgeted work orders in 
order of their planned schedules.  The system then begins its scan in both time and budget 
until the cumulative budget along this curve equals the BCWP (interpolation is normally 
required).  At that point, the BCWP time date can be determined.  The figure of weeks 
ahead/behind schedule is the difference between this BCWP time date and the current 
report date. 
 
The system also must make special checks for the conditions when performance is off 
screen: 
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a) If no work has been performed (BCWP = 0.), yet a measure of BCWS has been 
planned, the weeks schedule variance is simply the difference in dates between 
the earliest planned start date of the work orders and the present report date.    

 
b) If no work has been performed (BCWP = 0.), and no BCWS has been planned, 

then there is no schedule variance to date. 
 

c) If work has been done, but not yet all completed and if the current report date is 
later than the last planned work order finish date, then the weeks schedule 
variance is the difference in dates between the current report date and this last 
planned finish date.  The system assumes that the BCWS does not change from 
this last planned finish date to the current report date.  In fact, the BCWS will 
remain constant at the BAC. 

 
d) If all work has been completed (BCWP = BAC), any weeks schedule variance 

will be recorded as the final. 
 
SPECIAL NOTE:  All calculations of time are performed in terms of working days, not 
calendar days.  This requires the system to eliminate all non-working weekends 
(depending upon the specified work-week) and all specified holidays.  The equivalent 
weeks ahead or behind is merely the total working days ahead or behind divided by the 
specified number of working days per workweek. 
 

Performance Indexes 
 
While the majority of budget and schedule performance measurement information is 
expressed in absolute terms of labor hours, costs, etc., performance also can be measured 
in relative terms using a variety of performance indexes.  These indexes allow relative 
performance between different projects to be compared directly even though the projects 
may differ significantly in terms of scope of work.  In general, a ratio that has a value 
equal to 1.00 indicates cost that is on budget and/or on schedule.  Ratios that are less than 
1.00 indicate cost problems, while ratios greater than 1.00 indicate performance that is 
better than plan.  Therefore, performance indexes can be considered a direct measure of 
cost and schedule productivity. 
 
The system generates the performance indices for labor hours, labor costs, material costs 
from material data generated directly by PERCEPTION, and for total direct costs (labor 
plus material). 
 
 
The system computes several different performance indexes: 
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·  CPI, the Cost Performance Index, measures current actual cost relative to the 
earned value of this cost: 
 

CPI = BCWP/ACWP 
 
The CPI is a measure of how well the project's labor expenditures are meeting 
planned budgets in accomplishing stated progress.  A CPI equal to 1.0 indicates 
that labor is on budget and accomplishing the progress planned for the labor hours 
expended.  A CPI of less than 1.0 indicates a budget problem; too many labor 
hours are being expended without accomplishing the progress planned to be 
gained from the expenditures.  A CPI greater than 1.0 indicates a budget savings; 
equal progress is being made, but with fewer labor hours. 

 
·  SPI, the Schedule Performance Index, measures the current earned value relative 

to the expenditure plan: 
 

SPI = BCWP/BCWS 
 
The SPI is a measure of progress.  The SPI is a measure of how well the project's 
labor expenditures are meeting their planned schedules.  An SPI equal to 1.00 
indicates progress is being made according to planned schedules.  An SPI less 
than 1.00 indicates that progress is falling behind the plan, while an SPI greater 
than 1.00 shows progress ahead of schedule. 
 

·  SCI is the Combined Cost and Schedule Performance Index:  
 

SCI = CPI x SPI 
 

·  FCPI, the Forecast Cost Performance Index, measures the forecast final cost 
relative to the total budget: 
 

FCPI = BAC/EAC 
 
The FCPI is similar to the CPI, but measures the forecast final cost at completion. 

 
·  CSPI, Current Schedule Performance Index, measures the rate of actual cost 

relative to the expenditure plan. 
 

CSPI = ACWP/BCWS 
 
If the value of CSPI is greater than 1.00, actual costs are being expended at a rate 
that is greater than what has been planned.  This may indicate a cash flow 
problem if the project contract has a fixed payment schedule. 
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·  CCPI, Combined Cost Performance Index, provides a combined cost and schedule 
index: 
 

CCPI = 1/2 CPI x (1. + SPI + SPI x([BCWS-BCWP]/BAC)) 
 

The CCPI is a measure of the combined cost and schedule performance.  A CCPI 
less than 1.0 indicates general cost and schedule performance less than planned; a 
CCPI greater than 1.0, better than planned. 
 

·  TCPI, To Complete Performance Index, measures final cost performance 
forecasts: 
 

TCPI = (BAC-BCWP)/(EAC-ACWP) 
 

The TCPI indicates the efficiency level required for completing the WBS level at 
the current estimate at completion (EAC).  For example, a TCPI of 1.15 indicates 
that work now must be executed at an efficiency level of 115% in order to 
complete the WBS level at this latest estimated cost at completion. 

 

Trend EACs and Forecast Schedules 
 
PERCEPTION also predicts trends developed from evaluations of the above performance 
analysis across a range of time of a contract.  The resulting trends are provided as 
additional insight of how performance is changing, for better or worse: 
 

·  Trend EAC  
·  Trend weeks ahead or behind schedule 
·  Trend completion date 

 
The system computes EACs and assessments of schedule whenever time charges are 
entered, work orders are closed, and/or budgets and planned schedules are modified.  The 
system process that performs these calculations is the system rollup.  The rollup also 
stores the results of these calculations on the history file that the user can review to 
observe changes in progress and costs as the project unfolds. 
 
Each time a rollup is performed, the system computes the EAC and an assessment of 
weeks ahead or behind schedule.  These two values will vary from week to week, 
depending on how well production is performing to budgets and planned schedules week 
to week. 
 
Large variations of the EAC typically are not developed by the system.  This is due to the 
system’s method of calculating the EAC that moderates early budget variances with the 
underlying idea that management will appreciate early warnings of problems, but have 
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the where withal to implement timely corrective actions.  That means the system places 
more credibility on remaining budgets than early over/under-runs.  However, as progress 
advances, the system places less and less credibility upon the remaining budgets, when 
finally at the end of the project, you are stuck with the full measure of the over/under-run. 
 
The computed weeks ahead/behind schedule is based upon earned value of work order 
budgets and planned schedules.  There is no attempt to moderate the conclusions made to 
these calculations.  If work order budgets are not consistent, then the earned value will be 
off target.  If planned schedules are not being met, then the period of time that the earned 
value is suppose to be achieved will be off target. 
 
To provide additional information about the schedule, the system forecasts a final project 
date by adding or subtracting the weeks ahead or behind schedule to the planned final 
date of the project.  In this case, the planned final date of the project is the very latest 
planned finish date of the project work orders on file.   
 

NOTE: If not all of the project work orders have yet to be planned and 
scheduled, a dummy work order with a realistic planned finish date should be 
put into the system so that the forecast final schedule date can be realistic for 
the project. 

 
After each rollup, the current EAC and the current weeks ahead/behind schedule are 
stored on the project’s history table (Appendix I). 
 
The current EAC and weeks ahead/behind is only a snap shot of performance at the date 
of the rollup.  These values do not provide any additional information such as are things 
improving over time or getting worse.  For this additional information, the system 
develops trends. 
 
Besides the current EAC and weeks ahead/behind schedule, the system computes trends 
of these values.  These trends are computed strictly on the data results stored on the 
project history table.  For example, if the EAC over the course of weeks is steadily 
increasing, the system attempts to predict what the EAC ultimately will be at 100% 
progress. 
 
The trend calculation uses the historical data points of EACs and their corresponding 
actual progress at each point in time recorded in the history table.  The trend calculations 
develop a regression formula through these historical data points of progress and EAC.  
The system then uses the formula to compute a predicted EAC at 100% progress.  This 
process, however, applies a weighting factor to each point.  The earliest point has the 
least weight and later points carry increasingly heavier weights.  In this way, the most 
recent EAC has the most influence on the trend. 
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Figure 14-6: Computing a Trend EAC at Projected At 100% Progress 

 
A similar set of calculations also are performed on the weeks ahead/behind schedule. 
 
From Figure14-6 above, trends require either a reasonable number of data points or a set 
of data points that do not have large variations from rollup to rollup (progress).  The 
mathematics used by the system are relatively simple such that data sets that are less than 
these general requirements will likely produce trend results that are not realistic. 
 
For example, if only a small number of data points are available in the history table and 
that current progress is very small (less than 10 percent), even small variations of EACs 
will produce relatively large trends forecast at 100% progress.  The following Figure 14-7 
provides an example. 
 
At early stages of the project, trends probably should not be considered very reliable 
indicators.  However, using the current values resulting form the last rollup should 
provide reasonably good indications of how performance is adhering the early plans and 
schedules. 
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Figure 14-7: Computing a Trend Without Sufficient Historical Data 

 
 
On the other hand, if there are very large swings of EACs and weeks ahead/behind 
schedule, the trends also may be unrealistic.  Such erratic behavior of data will occur 
when plans and schedules are changing repeatedly over the course of the project, or there 
is little adherence to these plans and schedules by production.  These are situations where 
determining a trend more likely becomes a dubious exercise.  See following Figure 14-8. 
 
Under these situations, much better planning and scheduling should be implemented as 
quickly as possible, and management should place more stringent attention towards 
making sure that these plans and schedules are to be met. 
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Figure 14-8: Computing a Trend from Inconsistent Historical Data 

 
 
FAQ:  The project is 90% completed, and the trend completion date is through the 
roof 
 
The system computes two different estimates for completion: the current projected 
completion date and the trend completion date. 
 
The current projected completion date is based on the current weeks ahead/behind 
schedule (described above) applied to the planned finish date.  Each week’s rollup saves 
these projected completion dates, as well as the computed progress, in the history file. 
  
The trend calculation uses this set of projected dates and progress values and applies a 
regression formula through this set of data to make an extrapolation of where the project 
finish date seems to be going when progress finally reaches 100%.  The trend weights the 
data; most recent variances get more weight, so the extrapolation is influenced much less 
by early data than the most recent. In fact, the trend weeks uses only the last 10 data 
points and ignores all earlier ones in its calculations.  If the recent data exhibits values 
that are increasing, the trend will point to a high value. 
 
The historical data of the project in question shows a plateau of not much work done over 
the past six weeks.  This means that during these weighted rollups, virtually no progress 
was achieved, and the schedule slipped from about zero weeks to 5 weeks.  This is a large 
amount of schedule slippage over a relatively short period of time. 
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The trend calculation uses this data, which exhibits a large increase over a short period of 
time.  While only 10% progress remains, the rather simplistic linear regression formula 
points to a very high completion date at 100% progress. 
 
At this point in time, the current projected finish date may be more realistic.  It is not 
influenced nearly so much by the growing spike at the end of the project.  However, this 
current projection will also go by the boards if the rate of progress is not picked back up 
to speed.  When there is lack of progress, it’s anybody’s guess as to when the project will 
be finished. 
 
 

Confidence in Computed EAC 
 
The system provides a confidence factor for the computed EAC (hours).  This factor is a 
composite of several component considerations:  
 

Fclosed = confidence from extent of closed work;  
Fopen = confidence from extent of open work; and  
Fperf = confidence from consistency of closed work. 

 
The first component of EAC confidence, Fclosed, looks at the number of closed work 
orders (based on their budgets)3.  If all work orders are closed, then the level of 
confidence of this consideration should be 100%, since no additional work is available 
that would increase the risk that the EAC might change.  On the other hand, if there are 
no closed work orders, there should be no confidence that the EAC has any valid basis of 
completed work.  Figure 14-9 presents the level of confidence in the EAC attributed to 
the extent of closed work orders.  The formula used to compute Fclosed is the following: 
 
 Fclosed = Pclosed

0.2 
 
Where 
 Pclosed = the progress earned from closed work orders 
 

                                                 
3 Like EAC calculations, the confidence level calculations includes any over-run , but open, work orders in 
the statistical data set of closed work orders. 
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EAC Confidence From Completed Work
Confidence = PC^0.2
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Figure 14-9: EAC Confidence Attributed To Extent Of  Completed Work 

 
 
A second component of EAC confidence, Fopen, looks at the number of work orders 
(based on their budgets) that have started, but remain open.  It is assumed that the greater 
the number of work orders started and remain open, the higher the risk that the EAC will 
remain steady.  This is especially true when work orders remain open for long periods of 
time; they tend to collect many more hours than if they were expedited and completed 
without interruptions.  Figure 14-10 presents the level of confidence in the EAC 
attributed to the extent of open work orders.  The formula used to compute Fopen is the 
following: 
 
    (Popen *Popen) 
 Fopen = (1 - Popen) * e 
 
Where 
 Popen = the estimated progress earned from open work orders 
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EAC Confidence From Open Work
Confidence = (1-PI)*e^ (PI*PI)
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Figure 14-10: EAC Confidence Attributed To Extent Of Open Work Orders 

 
 
The system uses the budget performance of closed work as a primary measure for 
computing the EAC.  If there has been a high degree of performance consistency of the 
closed work orders, whether on budget, under-run, or over-run, is would be assumed that 
an EAC based upon this performance should be relatively reliable.   
 
Therefore, a third component of EAC confidence, Fperf, considers how consistent have 
closed workers performed to their budgets.  To develop this level of confidence, the 
system computes the statistical probability for the EAC.  The basis for this probability is 
the statistical performance of closed work orders.  This analysis computes the standard 
deviation of performance, the mean variance, and then measures the probability of the 
EAC from this information as presented in Figure 14-11.   
 
The standard deviation, � closed, of closed work order budget variances is computed by the 
following equation: 
 
 � closed  = SQRT[ � var2 – � var*� var] 
 
Where 

� var  = sum of [(ACWPclosed – BAC closed)/BACclosed] 
� var2  = sum of [(ACWPclosed – BAC closed)/BACclosed]

 2 
 � BACclosed = sum of closed work order budgets 

BACclosed  = a closed work order budget 
 ACWPclosed  = actual charges to a closed work order 
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The mean variance is computed as follows: 
 
 � closed  = � var/ � BACclosed 
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Figure 14-11: Standard Normal Distribution 

 
Now, looking at how well the EAC fits this performance criteria, the EAC variance, X, is 
computed as follows: 
 
 X  = (EACtotal – BACtotal)/BACtotal 
 
Where 
 EACtotal = computed EAC for the WBS level 
 BACtotal = the total budget for theWBS level  
 
The standard normal distribution has a mean of zero and a standard deviation of 1.0.  To 
relate this EAC variance to the standard normal distribution, the statistical z-value is 
computed as follows: 
 
 Z  = (X - � closed )/ � closed 
 
From the normal distribution relationship presented in Figure 14-12, the EAC confidence 
based on consistency of closed work budget performance can be computed.  To simplify 
the calculations from this complex function, the confidence is computed using the 
following approximate relationships: 
 
 If Z <= 0,  Fperf  = [0.0164*Z3 + 0.156*Z2 + 0.4904*Z + 0.5107] + 50% 
 If Z   > 0,  Fperf  = [0.0164*Z3 - 0.156*Z2 + 0.4904*Z + 0.4893] + 50% 
 
These equations fit the actual normal distribution function to within 99.95%. 
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Figure 14-12: Testing Confidence Of EAC Based On Statistical Analysis Of Closed 

Work Performance 

 
Note that the compute X will always be less than � closed.  PERCEPTION will always 
provide an EAC that varies from the BAC that is something less than the actual budget 
variance of closed work orders.  This process assumes that there remains some credibility 
of remaining budgets, although that credibility dissipates as more work orders are 
completed.  Then, the system accepts more of the actual budget variance for the EAC 
calculation.  Therefore, the formulas for computing Fperf will always yield figures that are 
less than 50% until the entire WBS level has been completed. 
 
The composite confidence from all three of these confidence components is simply their 
average: 
 
Fcomp = (Fclosed + Fopen + Fperf)/3 
 
When the WBS level for which the EAC has been computed is finally completed (i.e., all 
of its work orders closed), Fcomp is assumed to be 100%.  
 
For several higher levels of the WBS (such as the SWBS Group), the composite 
confidence is computed as the weighted average of lower level confidence factors (such 
as the SWBS Accounts).  The basis for the weighting is the lower level budget hours.  
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Confidence in Trend EAC 
 
The system provides a confidence factor of the computed EAC trend.  It is the value of 
the residual errors of the least squares fitted curve to the actual historical set of EAC 
period values. 
 

Confidence In Trend Weeks Ahead/Behind Schedule 
 
The system provides a confidence factor of the computed weeks ahead/behind schedule 
trend.  It is the value of the residual errors of the least squares fitted curve to the actual 
historical set of weeks ahead/behind schedule period values. 
 

Interpreting Confidence Factors 
 
As described above, the system provides confidence factors for a variety of performance 
information that the system estimates for the end of the project.  The question then may 
be, how does one interpret the confidence factor for these predicted estimates? 
 
Clearly, a very low confidence factor should give one pause to consider the likelihood 
that predicted estimate is based on either very sketchy or inconsistent information.  As 
such, the actual performance may very well end up being far off the mark from what the 
system currently is predicting.  
 
On the other hand, a very high confidence factor should be an indication that the estimate 
should be very close to what will eventually be the case at the end of the project. 
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The following table offers ranges of confidence and how to interpret these measures.  
Confidence levels above 70% are usually indicators of reasonably acceptable predictions. 
 

Confidence Interpretation 
Typical Project 

Completion Status  

Quality Of 
Performance 

Feedback 
Information 

0% No Firm Confidence Not Started 
No Feedback Data 
Available 

1% - 20% Extremely Low Confidence Just Started 
Minimal Feedback 
Available 

21% - 50% Low Confidence 
Getting Well 
Underway 

Beginning To Get 
Good Feedback 

51% - 69% Average Confidence Half Way Completed 

More Feedback 
Gives Higher 
Confidence 

70% - 80% Acceptable Confidence 
Beginning Final 
Phases 

Good Amount Of 
Performance 
Feedback 

80% - 99% High Confidence Nearly Completed 
Feedback Telling 
Most Of The Story 

100% Total Confidence Completed Feedback Complete 

Figure 14-13: Interpreting Levels of Confidence 
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Chapter 15:  Scheduling With Microsoft Project 
 
 
See the user manual “PERCEPTION Integrated Planning & Scheduling,” the chapter 
“Importing Microsoft Project Schedules” for details. 
 
 





Appendix I:  The WBS History Table 
 

 
209 

 
 

Appendix I:  The WBS History Table 
 
 
The WBS history table collects cost and schedule status information for every level of a 
project WBS.  The system places this data whenever a roll-up is performed for a project.  
The time stamp for these history records are the date of the rollup. 
 
The contents of the WBS History table can be viewed by clicking on Library/WBS 
History from the main menu (Figure I-1).  The menu provides selections as the WBS 
level to view, from contract to project down through all possible levels of a project’s 
WBS. 
 
 

 
 

Figure I-1: Viewing the Contents of the WBS History Table 

 
 
Then, click on the data retrieval button on the toolbar.  The system will provide a 
selection window for the user to choose the contract/project (Figure I-2). 
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Figure I-2: Contract/Project Selection Window 

 
 
The system will retrieve the history data for WBS level specified, placing it into the 
history worksheet (Figure I-3). 
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Figure I-3: Sample WBS History Data Worksheet 

 
 
The user may edit the data in this worksheet and save it back to the database. 
 
The contents of the WBS History data worksheet, like any PERCEPTION worksheet, can 
be copied and pasted to a spreadsheet such as Microsoft EXCEL.  If the user elects to 
make the copy using the PERCEPTION bulk copy function from the main menu 
(File/Bulk Copy), the system will inquire as to whether or not column title headings also 
are to be copied.  The column headings that are copied are not what are visible in the 
worksheet.  Figure I-4 is a table that describes these headings, where 
 

·  BAC is the total budget 
·  ACWP is the total charges recorded to date 
·  BCWS is the amount of budget planned to be expended to date 
·  BCWP is the amount of budget earned on the basis of actual progress 
·  EAC is the estimated total cost at completion 
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Data Field Contents of Data Field 

    
contract_id Contract ID 
proj WBS Level ID (i.e., Project ID) 
ondate Rollup Date 
bhours BAC: Labor Hours 
bldols BAC: Labor Cost 
bmdols BAC: Material Cost 
bodols BAC: Overhead Cost 
ahours ACWP: Labor Hours 
aldols ACWP: Labor Cost 
amdols ACWP: Material Cost 
aodols ACWP: Overhead Cost 
bcwshrs BCWS: Labor Hours 
bcwsdol BCWS: Labor Cost 
bcwsmat BCWS: Material Cost 
bcwsohd BCWS: Overhead Cost 
bcwphrs BCWP: Labor Hours 
bcwpdol BCWP: Labor Cost 
bcwpmat BCWP: Material Cost 
bcwpohd BCWP: Overhead Cost 
eachrs EAC: Labor Hours 
eacdol EAC: Labor Cost 
eacmat EAC: Material Cost 
eacohd EAC: Overhead Cost 
prog Automated Computed Progress 
manprog Rolled-up Manual Progress 
mrlhrs Management Reserves Labor Hours 
mrldol Management Reserves Labor Cost 
mrmdol Management Reserves Material Cost 
mrodol Management Reserves: Overhead Cost 
matpay Material Cost - Paid 
matcommit Material Cost - Committed 
matpurch Material Cost - Purchased 
matrecv Material Cost - Received 
mataccept Material Cost - Accepted Delivery 
matused Material Cost - Used 
rhours Rework Labor Hours 
rdols Rework Labor Cost 
rmats Rework Material Cost 
aheadwks Weeks Ahead of Planned Schedule 
trendeachrs Trend: EAC Labor Hours 
trendweeks Trend: Weeks Ahead 
trendfinish Trend: Finish Date 

 

Figure I-4: WBS History Data Fields 
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Appendix II:  Sizes of Primary Data Fields 
 
 
For details see the user manual “Getting Started With PERCEPTION.” 



Appendix III: Comparing Progress 

 
214 

 

Appendix III: Comparing Progress Assessments 
 
There are various methods for measuring work progress.  Figure III-1 illustrates three. 
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Figure III-1: Comparing Progress Measurement Methods 

 
 
Historically, the PERCEPTION progress tracks very closely to good manual progress 
assessments, often the two methods varying by only a few percentage points. A clear 
benefit of the PERCEPTION progress is that it is free, while the manual progress is not. 
 
As the project nears its final state of completion, all progress figures should be 
converging to 100%. 
 

PERCEPTION Progress: 
 
This is the progress based on the method described in Chapter 14.  It is strictly an 
automated approach to measuring progress that takes into account both completed work 
orders and an assessment of in-process work orders.  Progress achieved from completed 
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work orders is the percentage that the completed work order budgets comprise of the total 
budget for all work orders.  Progress estimated for in-process work orders is based on the 
charges to date to these in-process work orders with effects of over-runs or under-runs 
experienced from the completed work. 
 

Manual Progress: 
 
This is progress based upon a manual assessment, not a statistical formula.  Like the 
PERCEPTION progress, the manual progress takes into account both completed work 
orders and an assessment of in-process work orders.  Progress achieved from completed 
work orders is the percentage that the completed work order budgets comprise of the total 
budget for all work orders.  However, for progress estimated for in-process work orders 
require a physical review of those work orders.  This usually is a subjective assessment, 
which requires expensive labor resources to ascertain.   
 
Since the manual progress assessment is subjective, it often is not very accurate, 
especially when individuals charged with making these manual assessments are busy 
with other responsibilities.  The manual assessment also often suffers from not being able 
to measure all in-process work orders at the same moment in time.  When time charges 
continue to be collected, earlier assessments will become obsolete, yet these figures are 
rolled together with more timely assessments in order to obtain an overall progress figure. 
 

Real Progress: 
 
Real progress is simply using the following formula: 
 
 Real Progress = ACWP/Final Total Cost 
 
Prior to knowing the final total cost, the estimate at completion (EAC) can be used.  Real 
progress can be reconstructed back in time at various stages when ACWP was collected. 
This provides a means for measuring how closely interim assessments of progress 
actually were when they were assessed. 
 

Tracking Progress Tutorial: 
 
A training tutorial for graphically tracking progress is available using the MS PowerPoint 
file named “PERCEPTION WORK-PAC Tracking Progress & EAC-Tutorial.pps.” 
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Appendix IV: Comparing Estimates At Completion 
 
Estimates At Completion, or EACs, are always subjects of considerable discussion.  
There is no silver bullet formula that is so good that it accurately predicts the exact final 
cost of a project from day one through to the end of the contract.  There are too many 
unknowns, and there are too many conditions that can change over the remaining time of 
a contract.   
 
Nevertheless, the EAC should provide management with an indication of whether or not 
the contract is headed in the right direction or not, whether it will be profitable or not. 
 
The EAC should be realistic, neither too optimistic, nor too pessimistic, unless, of course, 
the facts at hand warrant otherwise.  If early in the project the EAC varies too much from 
the total budget, there is an all-too typical reaction from project managers that the EAC is 
unrealistic and not credible.  On the other hand, EACs that jump quickly over a short 
period of time also suffer from being regarded as unrealistic and not credible.  What’s 
needed, therefore, is an EAC that reflects current performance, reflects changes being 
made that affect costs, yet does not change radically from one period to the next. 
 
As described in Chapter 14, “Automated Progress & Cost Forecasting,” the 
PERCEPTION EAC is based on an objective assessment of the facts, the performance of 
costs incurred to date relative to their earned value budgets.  However, this method also 
takes into account the current progress.  The system moderates the influence of budget 
variances upon the EAC when progress is small, but applies increasingly more influence 
upon the EAC as progress advances.  The PERCEPTION EAC, while recognizing the 
variances early, provides management with some benefit of the doubt that budget 
problems can be corrected prior to the completion of the contract.   This benefit, however, 
becomes less and less if variances continue to be a problem. 
 
The PERCEPTION EAC has been in use since the mid-1970s and has a track record of 
being more accurate and reliable than other methods, especially those manually devised.  
Project managers typically do not like to acknowledge that there are problems, especially 
when they are exposed in terms that may predict an unsuccessful contract.  It is critical, 
therefore, that managers understand that the EAC is only an estimate, but that it should be 
providing early indications of problems that should not be ignored or glossed over 
without serious corrective actions. 
 
The following Figure IV-1 presents examples of various methods of EACs developed 
over the course of a contract. 
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Figure IV-1: Tracking different Estimates At Completion 

 
The figure tracks the following EACs methods: 
 

Total Budget (Budget At Completion, or BAC): 
 
This is the baseline from which overall cost performance must be measured. Note that the 
figure shows the BAC risings at points about 20% and 50% progress.  This shows that the 
BAC can vary, up or down, over the course of the contract. 
 

The PERCEPTION EAC: 
 
This is the EAC developed based on the statistical methods described in Chapter 14. 
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The PERCEPTION CPI EAC: 
 
This is the EAC developed as follows from the Cost Performance Index (“CPI”), the ratio 
of Budgeted Cost of Work Performed (BCWP) and the Actual Cost of Work Performed 
(ACWS): 
 
 BCWP = BAC x PERCEPTION Progress 
 

CPI = BCWP/ACWP 
 
 EAC = ACWP + (BAC-BCWP)/CPI 
 
The CPI EAC can vary erratically over the course of the project.  At early stages of 
progress, the CPI EAC can suffer from very large swings from even small changes in the 
CPI. 
 

The PERCEPTION SPI EAC: 
 
This is the EAC developed as follows from the Schedule Performance Index (“SPI”), the 
ratio of Budgeted Cost of Work Performed (BCWP) and the Budget Cost of Work 
Scheduled (BCWS): 
 
 SPI = BCWP/BCWS 
 
 EAC = ACWP + (BAC-BCWP)/SPI 
 
As with the CPI EAC, the SPI EAC can vary erratically over the course of the project.  At 
early stages of progress, the SPI EAC can suffer from very large swings from even small 
changes in the SPI. 
 

The PERCEPTION SCI EAC: 
 
This is the EAC developed as follows from the Schedule-Cost Index (“SCI”): 
 
 SCI = CPI x SPI 
 
 EAC = ACWP + (BAC-BCWP)/SCI 
 
As with the other performance index methods, the SCI EAC can vary erratically over the 
course of the project.  At early stages of progress, the SCI EAC can suffer from very 
large swings from even small changes in the SCI. 
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The PERCEPTION Trend EAC: 
 
This is the Trend EAC developed based on the methods described in Chapter 14.  It uses 
a regression formula applied to the EAC figures developed at different points in time as 
the project advances progress-wise.  The formula weights the most recent EACs more 
heavily than earlier EACs.  The regression formula then extrapolates an EAC from the 
current progress figure out to 100% progress.   
 
The Trend EAC can react more quickly than the PERCEPTION EAC as it tries to 
anticipate a final direction for the incremental changes in the EAC.  At early stages of 
progress, the Trend EAC can suffer from very large swings as even small changes in the 
EAC can result in very large trend values extrapolated too far into the future at 100% 
progress. 
 
Nevertheless, the Trend EAC can be a useful measure especially if cost performance is 
not steady.  It also can indicate if changes made to improve performance are showing 
signs of success or not. 
 

The Manual Progress EAC: 
 
This is an EAC computed as follows: 
 
 Manual EAC = ACWP/Manual Progress 
 
This EAC generally is unreliable particularly where the manual progress assessment is 
questionable and progress is small.  It also can result in large swings in values over short 
periods of time where it may be difficult to correlate a correct relationship between 
ACWP and Manual Progress. 
 

Tracking EAC Tutorial: 
 
A training tutorial for graphically tracking EAC is available using the MS PowerPoint 
file named “PERCEPTION WORK-PAC Tracking Progress & EAC-Tutorial.pps.” 
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Appendix V: Measuring Work Center Efficiency 
 
An important task for shipyard management is to constantly monitor shipyard 
performance.  Not only should work be monitored for each and every project, but also for 
each and every production process.  These processes identify specific types of work being 
performed, and when there are problems with a process, there will be problems with the 
project, and usually with other production processes scheduled further in time. 
 

Measuring Work Center Efficiency 
 
Measuring work efficiency by project WBS (SWBS or PWBS) is important in identifying 
cost and schedule problems.  However, it is equally important to measure the efficiency 
of the production processes involved in the project. 
 
The system produces a variety of work center performance reports useful for tracking 
performance by work centers.  Figure V-1 presents a graphical report that displays 
relative work center cost efficiency.  The efficiency is determined from the following 
formula: 
 
 Cost Efficiency = Earned Value/Actual Cost 
    = BCWP/ACWP 
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Figure V-1: Work Center Labor Hour Efficiency 

 
An efficiency of 100% indicates work is being executed on budget.  Efficiency greater 
than 100% indicates that work being executed under budget.  Efficiency less than 100% 
indicates an over-running situation. 
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Measuring Work Center Schedule Performance 
 
PERCEPTION measures a work center’s schedule and how far the work center is 
performing off the plan. 
   
Figure V-2 shows schedule variance in terms of calendar days.  This information 
provides a quick indication where there are the more significant schedule bottlenecks that 
affect not only overall schedules, but impact costs as well. 
 

Current Work Center Schedule Variance
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Figure V-2: Work Center Schedule Performance Variance 

 
Figure V-3 presents a graphical report that displays relative work center schedule 
efficiency.  This efficiency is determined from the following formula: 
 
 Schedule Efficiency   

= Earned Value/Budgeted Cost Work Scheduled 
    = BCWP/BCWS 
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Figure V-3: Work Center Schedule Efficiency 

 
An efficiency of 100% indicates work is being executed on schedule.  Efficiency greater 
than 100% indicates that work being executed ahead of schedule.  Efficiency less than 
100% indicates a behind schedule situation. 
 

Identifying Problematic Work Centers 
 
For large-scale operations, maintaining attention to detailed problems can be a daunting 
process.  It is important, then, to be able to set priorities to enable management to at least 
focus on resolving the major problems.   
 
Figure V-4 presents a survey of work center performance and identifies how each has 
contributed to the overall savings or loss of the project.  Some work centers are more 
involved than others in executing the scope of work of a project.  However, regardless of 
the planned scope of work, there may be other work centers that are major contributors to 
the overall project profit or loss.  
 
Centers that are big contributors to a project’s loss require management’s most immediate 
attention to determine the cause of their cost problems and their solutions. 
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Figure V-4: Work Center Contribution to Total Project Savings/Losses 

 

Measuring Significant Production Process Cost Drivers 
 
Figure V-5 presents the degree that each work center contributes to the overall scope of 
work.   
 
When management focuses on process improvement programs, these major work centers 
should receive the most attention in developing new ways to drive down costs and 
shorten process schedules.   
 
These are the centers where improvements are likely to generate the most benefits for the 
company. 
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Figure V-5: Work Center Cost Drivers 
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Appendix VI: Measuring Work Order Performance 
 
 
While PERCEPTION measures performance at all defined WBS levels of a project, it is 
equally important to monitor performance at the work order level of detail. 
PERCEPTION collects detailed information of work orders, their costs and schedules.   
 
The system provides an analysis of user-selected work orders to measure work order 
performance in terms of both cost (labor hours) and schedule.  This analysis can highlight 
the more significant problem areas, so that management can better focus their resources 
on resolving them early and with greater effectiveness. 
 

Overall Work Order Performance 
 
PERCEPTION summarizes overall work order planning status & performance as 
illustrated by the following set of graphics (Figure VI-1 through VI-4). 
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Figure VI-1: Status of Work Order Planning 
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Overall Work Order Performance Status
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Figure VI-2: Summarizing Work Order Labor Hour Budgets 
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Figure VI-3: Status of Work Orders In Production 
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Overall Work Order Performance Status 
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Figure VI-4: Summary of Work Order Labor Hour Performance 

 

Completed Work Order Performance 
 
As a special subset of work orders, the following graphics summarize performance of 
completed (closed) work orders (Figure VI-5 throughVI-8). 
 



Appendix VI: Measuring Work Order Performance 

 
228 

Completed Work Order Performance Status
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Figure VI-5: Performance Status of Completed Work Orders 
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Figure VI-6: Labor Hours Status of Completed Work Orders 
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Completed Work Order Performance Status
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Figure VI-7: Labor Hours Performance of Completed Work Orders  

(Percent of Their Budgets) 

 
 

In-Process Work Order Performance 
 
As a special subset of work orders, the following graphics summarize performance of in-
process (started, not completed) work orders (Figure VI-8 through VI-10). 
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In-Process Work Order Performance Status
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Figure VI-8: Performance Status of In-Process Work Orders 
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Figure VI-9: Labor Hours Status of In-Process Work Orders 
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In-Process Work Orders Performance Status 
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Figure VI-10: Labor Hours Performance of In-Process Work Orders  

(Percent of Their Budgets) 

 
 

Un-Started Work Orders 
 
As a special subset of work orders, the following graphic (Figure VI-11) summarize the 
status of work orders not yet started. 
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Un-Started Work Orders
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Figure VI-11: Performance Status of Un-Started Work Orders 

 

Work Order Schedule Performance 
 
An important part of the analysis is the schedule performance of the work orders.  The 
following figures VI-12 through VI-16 present various analyses of work order schedule 
performance. 
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Work Order Schedule Status

4.10
3.16

37.08

6.79

20.71

2.75

-

5

10

15

20

25

30

35

40

Overall Average
Planned Work

Weeks

Completed
Average

Planned Work
Weeks

Completed
Average Actual

Work Weeks

In-Process
Average

Planned Work
Weeks

In-Process
Average Actual

Work Weeks

Un-Started
Average

Planned Work
Weeks

A
ve

ra
ge

 W
or

k 
W

ee
ks

 D
ur

at
io

n

 
Figure VI-12: Work Order Average Work Week Duration Status 

 

Work Order Late Schedule Status
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Figure VI-13: General Status of Late Work Orders 
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Work Order Late Schedule Status
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Figure VI-14: Measuring Work Orders Days Late From Planned Schedules 

 

Work Orders Early Schedule Status
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Figure VI-15: General Status of Early Work Orders 
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Work Order Early Schedule Status
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Figure VI-16: Measuring Work Orders Days Early From Planned Schedules 
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Glossary 
 
 
For details see the user manual “Getting Started with PERCEPTION.” 
 
 
 
 
 

References 
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