GSas

THE POWER TOr FUMNOW

SAS/OR" 14.3 User’s Guide

Project Management

The CPM Procedure




This document is an individual chapter from SAS/OR® 14.3 User’s Guide: Project Management.

The correct bibliographic citation for this manual is as follows: SAS Institute Inc. 2017. SAS/OR® 14.3 User’s Guide: Project
Management. Cary, NC: SAS Institute Inc.

SAS/OR® 14.3 User’s Guide: Project Management
Copyright © 2017, SAS Institute Inc., Cary, NC, USA
All Rights Reserved. Produced in the United States of America.

For a hard-copy book: No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by
any means, electronic, mechanical, photocopying, or otherwise, without the prior written permission of the publisher, SAS Institute
Inc.

For a web download or e-book: Your use of this publication shall be governed by the terms established by the vendor at the time
you acquire this publication.

The scanning, uploading, and distribution of this book via the Internet or any other means without the permission of the publisher is
illegal and punishable by law. Please purchase only authorized electronic editions and do not participate in or encourage electronic
piracy of copyrighted materials. Your support of others’ rights is appreciated.

U.S. Government License Rights; Restricted Rights: The Software and its documentation is commercial computer software
developed at private expense and is provided with RESTRICTED RIGHTS to the United States Government. Use, duplication, or
disclosure of the Software by the United States Government is subject to the license terms of this Agreement pursuant to, as
applicable, FAR 12.212, DFAR 227.7202-1(a), DFAR 227.7202-3(a), and DFAR 227.7202-4, and, to the extent required under U.S.
federal law, the minimum restricted rights as set out in FAR 52.227-19 (DEC 2007). If FAR 52.227-19 is applicable, this provision
serves as notice under clause (c) thereof and no other notice is required to be affixed to the Software or documentation. The
Government’s rights in Software and documentation shall be only those set forth in this Agreement.

SAS Institute Inc., SAS Campus Drive, Cary, NC 27513-2414
September 2017

SAS® and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the
USA and other countries. ® indicates USA registration.

Other brand and product names are trademarks of their respective companies.

SAS software may be provided with certain third-party software, including but not limited to open-source software, which is
licensed under its applicable third-party software license agreement. For license information about third-party software distributed
with SAS software, refer to http://support.sas.com/thirdpartylicenses.


http://support.sas.com/thirdpartylicenses

Chapter 4
The CPM Procedure

Contents
Overview: CPM Procedure . . . . . . . . . . . . e 55
Getting Started: CPM Procedure . . . . . . . . . . . . ... .. 56
Syntax: CPM Procedure . . . . . . . . . . 61
Functional Summary . . . . . . . ... L 61
PROCCPM Statement . . . . . . . . . oo v v vttt it e e et 65
ACTIVITY Statement . . . . . . . . . o o e e e e e e e e e e e e e e e 70
ACTUAL Statement . . . . . . . . . . o it e e e e e e e 70
ALIGNDATE Statement . . . . . . . . .. ...ttt 73
ALIGNTYPE Statement . . . . . . . . . . .. . .. . it 73
BASELINE Statement . . . . . . . . . . . ... 74
CALID Statement . . . . . . . . ..ttt e e e e 75
DURATION Statement . . . . . . . . . . o v it et e e e e e e e e e e e e 76
HEADNODE Statement . . . . . . . . . . . i ittt e e e e e e 76
HOLIDAY Statement . . . . . . . . . ..ottt ittt e 77
ID Statement . . . . . . . . e e e e e e e e e e e e 78
PROJECT Statement . . . . . . . . . . . . . ittt e e e e 78
RESOURCE Statement . . . . . . . . .. ... ittt 80
SUCCESSOR Statement . . . . . . . . . oot v ittt e e e e e e 90
TAILNODE Statement . . . . . . . . . . . . . . ittt e 91
Details: CPM Procedure . . . . . . . . . . e 92
Scheduling Subject to Precedence Constraints . . . . . . . ... ... ... ..... 93
Using the INTERVAL=Option . . . ... ... ... ... . . ... ....... 94
Nonstandard Precedence Relationships . . . . . .. ... ... ... .. ....... 95
Time-Constrained Scheduling . . . . . ... ... ... ... ... .. ..., . 96
Finish Milestones . . . . . . . . . . . . . . e e e e 98
OUT=Schedule DataSet . . . .. ... ... ... ... ... .. . ..... 99
Multiple Calendars . . . . . . . . . . L 101
Baseline and Target Schedules . . . . . . .. ... ... ... . ... .. 109
Progress Updating . . . . . . . . . . . . e e e 109
Resource-Driven Durations and Resource Calendars . . . . . .. ... ... ..... 112
Resource Usage and Allocation . . . . . . ... ... . ... ... ... 113
RESOURCEOUT=Usage DataSet . . . . ... ... ... ... ... .... 127
RESOURCESCHED= Resource Schedule DataSet . . . . ... ... ........ 131
Multiproject Scheduling . . . . . . . . .. ... 131
Macro Variable _ORCPM_ . . . . . . . . . e 134
Input Data Sets and Related Variables . . . . . .. ... ... .. ... ........ 135



54 4 Chapter 4: The CPM Procedure

Missing Values in Input Data Sets . . . . . . . . . ... ... ... 137
FORMAT Specification . . . . . . .. ... ... 139
Computer Resource Requirements . . . . . . . . . . ... ... .. . 139
Examples: CPM Procedure . . . . . . . . . .. ... 140
Example 4.1: Activity-on-Node Representation . . . . . . .. .. ... ... ..... 142
Example 4.2: Activity-on-Arc Representation . . . . . . . . ... ... ... ... .. 146
Example 4.3: Meeting Project Deadlines . . . . .. ... ... ............ 149
Example 4.4: Displaying the Scheduleona Calendar . . . . . . ... ... ...... 151
Example 4.5: Precedence Gantt Chart . . . . . ... ... ... ... ......... 154
Example 4.6: Changing Duration Units . . . . . . .. ... ... ... ........ 155
Example 4.7: Controlling the Project Calendar . . . . . .. ... ... ........ 159
Example 4.8: Scheduling around Holidays . . . . . .. ... ... ... ....... 161
Example 4.9: CALEDATA and WORKDATA DataSets . . . . . ... ... ..... 167
Example 4.10: Multiple Calendars . . . . . . .. ... ... ... .. .. ....... 172
Example 4.11: Nonstandard Relationships . . . . . .. ... ... ... ....... 181
Example 4.12: Activity Time Constraints . . . . . . . . . . ... ... ... .... 186
Example 4.13: Progress Update and Target Schedules . . . . .. ... ... ..... 188
Example 4.14: Summarizing Resource Utilization . . . . . ... ... ... ..... 193
Example 4.15: Resource Allocation . . . . . . ... ... ... ... .. ....... 199
Example 4.16: Using Supplementary Resources . . . . . .. .. ... ... ..... 208
Example 4.17: INFEASDIAGNOSTIC Option and Aggregate Resource Type . . . . . 212
Example 4.18: Variable Activity Delay . . . . ... ... ... ... .. ... .... 219
Example 4.19: Activity Splitting . . . . . . . . . ... 226
Example 4.20: Alternate Resources . . . . . . . . . ... ... o 231
Example 4.21: PERT Assumptions and Calculations . . . . . .. ... ... ..... 239
Example 4.22: Scheduling Course - Teacher Combinations . . . . . . . ... ... .. 242
Example 4.23: Multiproject Scheduling . . . . . . ... ... ... ... ... .. 246
Example 4.24: Resource-Driven Durations and Resource Calendars . . . . . . . . .. 256
Example 4.25: Resource-Driven Durations and Alternate Resources . . . . . . . . .. 268
Example 4.26: Multiple Alternate Resources . . . . . . .. ... ... ... ..... 274
Example 4.27: Auxiliary Resources and Alternate Resources . . . . . . .. ... ... 276
Example 4.28: Use of the SETFINISHMILESTONE Option . . . . . . ... ... .. 279
Example 4.29: Negative Resource Requirements . . . . . . .. ... ... ... ... 287
Example 4.30: Auxiliary Resources and Negative Requirements . . . . . . ... ... 290
Example 4.31: Resource-Driven Durations and Negative Requirements . . . . . . . . 294
Statement and Option Cross-Reference Tables . . . . . ... ... ... ... .... 299

References . . . . . . . . e 301




Overview: CPM Procedure 4 55

Overview: CPM Procedure

The CPM procedure can be used for planning, controlling, and monitoring a project. A typical project
consists of several activities that may have precedence and time constraints. Some of these activities may
already be in progress; some of them may follow different work schedules. All of the activities may compete
for scarce resources. PROC CPM enables you to schedule activities subject to all of these constraints.

PROC CPM enables you to define calendars and specify holidays for the different activities so that you can
schedule around holidays and vacation periods. Once a project has started, you can monitor it by specifying
current information or progress data that is used by PROC CPM to compute an updated schedule. You can
compare the new schedule with a baseline (or target) schedule.

For projects with scarce resources, you can determine resource-constrained schedules. PROC CPM enables
you to select from a wide variety of options so that you can control the scheduling process. Thus, you may
select to delay project completion time or use supplementary levels of resources, or alternate resources, if
they are available.

All project information is contained in SAS data sets. The input data sets used by PROC CPM are as follows:

e The Activity data set contains all activity-related information such as activity name, precedence infor-
mation, calendar used by the activity, progress information, baseline (or target schedule) information,
resource requirements, time constraints, and any other information that you want to identify with each
activity.

e The Resource data set specifies resource types, resource availabilities, resource priorities, and alternate
resources.

e The Workday data set and the Calendar data set together enable you to specify any type of work pattern
during a week and within each day of the week.

e The Holiday data set enables you to associate standard holidays and vacation periods with each
calendar.
The output data sets are as follows:
e The Schedule data set contains the early, late, baseline, resource-constrained, and actual schedules and
any other activity-related information that is calculated by PROC CPM.
e The Resource Schedule data set contains the schedules for each resource used by an activity.
e The Usage data set contains the resource usage for each of the resources used in the project.

See Chapter 5, “The PM Procedure,” for an interactive procedure that enables you to use a Graphical User
Interface to enter and edit project information.
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Getting Started: CPM Procedure

The basic steps necessary to schedule a project are illustrated using a simple example. Consider a software
development project in which an applications developer has the software finished and ready for preliminary
testing. In order to complete the project, several activities must take place. Certain activities cannot start
until other activities have finished. For instance, the preliminary documentation must be written before it
can be revised and edited and before the Quality Assurance department (QA) can test the software. Such
constraints among the activities (namely, activity B can start after activity A has finished) are referred to as
precedence constraints. Given the precedence constraints and estimated durations of the activities, you can
use the critical path method to determine the shortest completion time for the project.

Figure 4.1 Activity-On-Arc Network

Software Project

PRELDOC Dummy,

DOCEDREV
0 MEETMKT | RECODE . | QATEST | . PROD I
TESTING - t e

The first step in determining project completion time is to capture the relationships between the activities in a
convenient representation. This is done by using a network diagram. Two types of network diagrams are
popular for representing a project.

e Activity-On-Arc (AOA) or Activity-On-Edge (AOE) diagrams show the activities on the arcs or edges
of the network. Figure 4.1 shows the AOA representation for the software project. This method of
representing a project is known also as the arrow diagramming method (ADM). For projects represented
in the AOA format, PROC CPM requires the use of the following statements:

PROC CPM options ;
TAILNODE variable ;
HEADNODE variable ;
DURATION variable ;
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e Activity-On-Node (AON) or Activity-On-Vertex (AOV) diagrams show the activities on nodes or
vertices of the network. Figure 4.2 shows the AON representation of the project. This method is
known also as the precedence diagramming method (PDM). The AON representation is more flexible
because it enables you to specify nonstandard precedence relationships between the activities (for
example, you can specify that activity B starts five days after the start of activity A). PROC CPM
requires the use of the following statements to schedule projects that are represented using the AON
format:

PROC CPM options ;
ACTIVITY variable ;
SUCCESSOR variables ;
DURATION variable ;

Figure 4.2 Activity-On-Node Network

Software Project
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The AON representation of the network is used in the remainder of this section to illustrate some of the
features of PROC CPM. The project data are input to PROC CPM using a SAS data set. The basic project
information is conveyed to PROC CPM through the ACTIVITY, SUCCESSOR, and DURATION statements.
Each observation of the Activity data set specifies an activity in the project, its duration, and its immediate
successors. PROC CPM enables you to specify all of the immediate successors in the same observation,
or you can have multiple observations for each activity, listing each successor in a separate observation.
(Multiple variables in the SUCCESSOR statement are used here.) PROC CPM enables you to use long
activity names. In this example, shorter names are used for the activities to facilitate data entry; a variable,
Descrpt, is used to specify a longer description for each activity.
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The procedure determines items such as the following:

e the minimum time in which the project can be completed

e the set of activities that is critical to the completion of the project in the minimum amount of time

No displayed output is produced. However, the results are saved in an output data set (the Schedule data set)
that is shown in Figure 4.3.

The code for the entire program is as follows.

data software;
format Descrpt $20. Activity $8.
Succesrl-Succesr2 $8. ;
input Descrpt & Duration Activity $§
Succesrl $ Succesr2 $ ;

datalines;
Initial Testing 20 TESTING RECODE .
Prel. Documentation 15 PRELDOC DOCEDREV OQATEST
Meet Marketing 1 MEETMKT RECODE .
Recoding 5 RECODE DOCEDREV OQATEST
QA Test Approve 10 OQATEST PROD
Doc. Edit and Revise 10 DOCEDREV PROD
Production 1 PROD

4

proc cpm data=software
out=introl
interval=day
date='01lmar04'd;
id descrpt;
activity activity;
duration duration;
successor succesrl succesr2;
run;

title 'Project Schedule'’;
proc print data=introl;
run;
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Figure 4.3 Software Project Plan

Project Schedule

Obs Activity Succesrl  Succesr2 Duration Descrpt
1 TESTING RECODE 20 Initial Testing
2 PRELDOC DOCEDREV QATEST 15 Prel. Documentation
3 MEETMKT RECODE 1 Meet Marketing
4 RECODE DOCEDREV QATEST 5 Recoding
5 QATEST PROD 10 QA Test Approve
6 DOCEDREV PROD 10 Doc. Edit and Revise
7 PROD 1 Production

Obs E_START E_FINISH L_START L_FINISH T_FLOAT F_FLOAT

1 01MARO04 20MARO04 01MARO04 20MARO04 0 0
2 01MARO4 15MARO04 11MARO04 25MAR04 10 10
3 01MARO4 01MARO04 20MARO04 20MARO04 19 19
4 21MAR04 25MAR04 21MAR04 25MARO04 0 0
5 26MARO04 04APR04 26MARO04 04APRO04 0 0
6 26MAR04 04APR04 26MARO04 04APRO04 0 0
7 05APR04 05APR04 05APR04 05APRO04 0 0

In addition to the variables specified in the ACTIVITY, SUCCESSOR, DURATION, and ID statements, the
output data set contains the following new variables.

E_START
specifies the earliest time an activity can begin, subject to any time constraints and the completion time
of the preceding activity.

E_FINISH
specifies the earliest time an activity can be finished, assuming it starts at E_START.

L_START
specifies the latest time an activity can begin so that the project is not delayed.

L_FINISH
specifies the latest time an activity can be finished without delaying the project.

T_FLOAT
specifies the amount of flexibility in the starting of a specific activity without delaying the project:

T_FLOAT = L_START — E_START = L_FINISH — E_FINISH

F_FLOAT
specifies the difference between the early finish time of the activity and the early start time of the
activity’s immediate successors.

In Figure 4.3 the majority of the tasks have a total float value of 0. These events are critical; that is, any
delay in these activities will cause the project to be delayed. Some of the activities have slack present, which
means that they can be delayed by that amount without affecting the project completion date. For example,
the activity MEETMKT has a slack period of 19 days because there are 19 days between 01MARO04 and
20MARO04.
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The INTERVAL= option in the PROC CPM statement enables you to specify the durations of the activities
in one of several possible units including days, weeks, months, hours, and minutes. In addition, you can
schedule activities around weekends and holidays. (To skip weekends, you specify INTERVAL=WEEKDAY.)
You can also select different patterns of work during a day or a week (for example, holidays on Friday and
Saturday) and different sets of holidays for the different activities in the project. A calendar consists of a set
of work schedules for a typical week and a set of holidays. PROC CPM enables you to define any number of
calendars and associate different activities with different calendars.

In the previous example, you saw that you could schedule your project by selecting a project start date. You
can also specify a project finish date if you have a deadline to be met and you need to determine the latest
start times for the different activities in the project. You can also set constraints on start or finish dates for
specific activities within a given project. For example, testing the software may have to be delayed until the
testing group finishes another project that has a higher priority. PROC CPM can schedule the project subject
to such restrictions through the use of the ALIGNDATE and ALIGNTYPE statements. See Example 4.12 for
more information about the use of the ALIGNDATE and ALIGNTYPE statements.

For a project that is already in progress, you can incorporate the actual schedule of the activities (some
activities may already be completed while others may still be in progress) to obtain a progress update. You
can save the original schedule as a baseline schedule and use it to compare against the current schedule to
determine if any of the activities have taken longer than anticipated.

Quite often the resources needed to perform the activities in a project are available only in limited quantities
and may cause certain activities to be postponed due to unavailability of the required resources. You can use
PROC CPM to schedule the activities in a project subject to resource constraints. A wide range of options
enables you to control the scheduling process. For example, you can specify resource or activity priorities,
set constraints on the maximum amount of delay that can be tolerated for a given activity, enable activities to
be preempted, specify alternate resources that can be used instead of scarce resources, or indicate secondary
levels of resources that can be used when the primary levels are insufficient.

When an activity requires multiple resources, it is possible that each resource may follow a different calendar
and each may require varying amounts of work. PROC CPM enables you to define resource-driven durations
for the activities. You can also specify calendars for the resources. In either of these situations it is possible
that each resource used by an activity may have its own individual schedule. PROC CPM enables you to save
the resource schedules for the different activities in a Resource Schedule data set, the RESOURCESCHED=
data set.

In addition to obtaining a resource-constrained schedule in an output data set, you can save the resource
utilization summary in another output data set, the RESOURCEOUT= data set. Several options enable you
to control the amount of information saved in this data set.

The CPM procedure enables you to define activities in a multiproject environment with multiple levels of
nesting. You can specify a PROJECT variable that identifies the name or number of the project to which each
activity belongs.

All the options available with the CPM procedure are discussed in detail in the following sections. Several
examples illustrate most of the features.
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Syntax: CPM Procedure

The following statements are used in PROC CPM.:

PROC CPM options ;
ACTIVITY variable ;
ACTUAL / actual options ;
ALIGNDATE variable ;
ALIGNTYPE variable ;
BASELINE / baseline options ;
CALID variable ;
DURATION / duration options ;
HEADNODE variable ;
HOLIDAY variable / holiday options ;
ID variables ;
PROJECT variable / project options ;
RESOURCE variables / resource options ;
SUCCESSOR variables / lag options ;
TAILNODE variable ;

Functional Summary

Table 4.1 outlines the options available for the CPM procedure, classified by function.

Table 4.1 Functional Summary
Description Statement Option
Activity Splitting Specifications
Splits in-progress activities at TIMENOW ACTUAL TIMENOWSPLT
Specifies the maximum number of segments variable RESOURCE MAXNSEGMT=
Specifies the minimum segment duration variable RESOURCE  MINSEGMTDUR=
Enables splitting RESOURCE  SPLITFLAG
Baseline or Target Schedule Specifications
Specifies the baseline finish date variable BASELINE B_FINISH=
Specifies the baseline start date variable BASELINE B_START=
Specifies the schedule to compare with baseline BASELINE COMPARE=
Specifies the schedule to use as baseline BASELINE SET=
Specifies the schedule to update baseline BASELINE UPDATE=
Calendar Specifications
Specifies the calendar variable CALID
Specifies the holiday variable HOLIDAY
Specifies the holiday duration variable HOLIDAY HOLIDUR=
Specifies the holiday finish variable HOLIDAY HOLIFIN=
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Table 4.1 continued

Description Statement Option

Data Set Specifications

Specifies the Calendar input data set PROC CPM CALEDATA=
Specifies the Activity input data set PROC CPM DATA=

Specifies the Holiday input data set PROC CPM HOLIDATA=
Specifies the Schedule Output data set PROC CPM OUT=

Specifies the Resource Availability input data set PROC CPM RESOURCEIN=
Specifies the Resource Schedule output data set PROC CPM RESOURCESCHED=
Specifies the Resource Usage output data set PROC CPM RESOURCEOUT=
Specifies the Workday input data set PROC CPM WORKDATA=
Duration Control Specifications

Specifies the workday length PROC CPM DAYLENGTH=
Specifies the workday start PROC CPM DAYSTART=
Specifies the duration unit PROC CPM INTERVAL=
Specifies the duration multiplier PROC CPM INTPER=
Converts milestones into finish milestones PROC CPM SETFINISHMILESTONE
Specifies the duration variable DURATION

Specifies the finish variable DURATION  FINISH=
Overrides specified duration DURATION  OVERRIDEDUR
Specifies the start variable DURATION  START=

Specifies the work variable RESOURCE  WORK=

Lag Specifications

SUCCESSOR ALAGCAL=
SUCCESSOR LAG=
SUCCESSOR NLAGCAL=

Specifies the name of the lag duration calendar
Specifies the lag variables
Specifies the number of the lag duration calendar

Miscellaneous Options

Suppresses warning messages PROC CPM SUPPRESSOBSWARN
Fixes L_FINISH for finish tasks to E_FINISH PROC CPM FIXFINISH

Network Specifications

Specifies the AON format activity variable ACTIVITY

Specifies the AOA format headnode variable HEADNODE

Specifies the project variable PROJECT

Specifies the AON format successor variables SUCCESSOR

Specifies the AOA format tailnode variable TAILNODE

Multiproject Specifications

Specifies the project variable PROJECT

Aggregates parent resources PROJECT AGGREGATEPARENTRES
Ignores parent resources PROJECT IGNOREPARENTRES
Computes separate critical paths PROJECT SEPCRIT

Uses specified project duration PROJECT USEPROJDUR
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Table 4.1 continued
Description Statement Option
Computes WBS Code PROJECT WBSCODE
OUT= Data Set Options
Includes percent complete variable ACTUAL ESTIMATEPCTC
Adds an observation for missing activities PROC CPM ADDACT
Specifies single observation per activity PROC CPM COLLAPSE
Copies relevant variables to Schedule data set PROC CPM XFERVARS
Specifies the variables to be copied to Schedule data set  ID
Includes descending sort variables PROJECT DESCENDING
Includes all sort order variables PROJECT ORDERALL
Includes early start sort order variable PROJECT ESORDER
Includes late start sort order variable PROJECT LSORDER
Includes resource start order variable PROJECT SSORDER
Includes WBS Code PROJECT WBSCODE
Includes information about resource delays RESOURCE  DELAYANALYSIS
Includes early start schedule RESOURCE E_START
Includes free float RESOURCE F_FLOAT
Sets unscheduled S_START and S_FINISH RESOURCE  FILLUNSCHED
Includes late start schedule RESOURCE L_START
Excludes early start schedule RESOURCE  NOE_START
Excludes free float RESOURCE NOF_FLOAT
Excludes late start schedule RESOURCE  NOL_START
Excludes resource variables RESOURCE NORESOURCEVARS
Excludes total float RESOURCE  NOT_FLOAT
Includes resource variables RESOURCE RESOURCEVARS
Includes total float RESOURCE  T_FLOAT
Sets unscheduled S_START and S_FINISH to missing RESOURCE UNSCHEDMISS
Updates unscheduled S_START, S_FINISH RESOURCE  UPDTUNSCHED
Problem Size Options
Specifies the number of precedence constraints PROC CPM NADJ=
Specifies the number of activities PROC CPM NACTS=
Specifies the number of distinct node or activity names  PROC CPM NNODES=
Specifies the number of resource requirements PROC CPM NRESREQ=
Disables use of the Utility data set PROC CPM NOUTIL
Progress Updating Options
Specifies the actual finish variable ACTUAL A_FINISH=
Specifies the actual start variable ACTUAL A_START=
Assumes automatic completion ACTUAL AUTOUPDT
Enables actual time to fall in a non-work period ACTUAL FIXASTART
Does not assume automatic completion ACTUAL NOAUTOUPDT
Specifies the percentage complete variable ACTUAL PCTCOMP=
Specifies the remaining duration variable ACTUAL REMDUR=
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Table 4.1 continued
Description Statement Option
Specifies that progress updating should override resource RESOURCE  SETFINISH=
scheduling (Experimental)
Shows float for all activities ACTUAL SHOWFLOAT
Specifies the current date ACTUAL TIMENOW=
Resource Variable Specifications
Specifies the resource variables RESOURCE
Specifies the observation type variable RESOURCE  OBSTYPE=
Specifies the resource availability date/time variable RESOURCE  PERIOD=
Specifies the alternate resource variable RESOURCE  RESID=
Specifies the work variable RESOURCE  WORK=
Resource Allocation Control Options
Specifies the delay variable RESOURCE  ACTDELAY=
Specifies the activity priority variable RESOURCE  ACTIVITYPRTY=
Uses alternate resources before supplementary levels RESOURCE  ALTBEFORESUP
Waits until L_START + DELAY RESOURCE  AWAITDELAY
Specifies the delay RESOURCE  DELAY=
Schedules even if there are insufficient resources RESOURCE  INFEASDIAGNOSTIC
Specifies independent allocation RESOURCE  INDEPENDENTALLOC
Enables milestones to consume resources RESOURCE  MILESTONERESOURCE
Prevents milestones from consuming resources RESOURCE  MILESTONENORESOURCE
Uses multiple alternates for a single resource RESOURCE  MULTIPLEALTERNATES
Specifies the resource calendar intersect RESOURCE  RESCALINTERSECT
Specifies the scheduling priority rule RESOURCE  SCHEDRULE=
Specifies the secondary scheduling priority rule RESOURCE  SCHEDRULE2=
Specifies the stop date for resource constrained schedul- RESOURCE  STOPDATE=
ing
RESOURCEOQOUT= Data Set Options
Includes all types of resource usage RESOURCE ALL
Appends observations for total usage RESOURCE  APPEND
Specifies the name of the calendar for _TIME_ increment RESOURCE AROUTCAL=
Includes availability profile for each resource RESOURCE  AVPROFILE
Specifies the cumulative usage for consumable resources RESOURCE  CUMUSAGE
Includes early start profile for each resource RESOURCE  ESPROFILE
Excludes unscheduled activities in profile RESOURCE EXCLUNSCHED
Includes unscheduled activities in profile RESOURCE  INCLUNSCHED
Records total usage of resource RESOURCE TOTUSAGE
Includes late start profile for each resource RESOURCE  LSPROFILE
Specifies the maximum value of _TIME_ RESOURCE  MAXDATE=
Specifies the maximum number of observations RESOURCE MAXOBS=
Specifies the minimum value of _TIME_ RESOURCE  MINDATE=
Specifies the numeric calendar for _TIME_ RESOURCE NROUTCAL=
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Description Statement Option

Includes resource constrained profile RESOURCE  RCPROFILE
Specifies the unit of difference between consecutive RESOURCE  ROUTINTERVAL=
_TIME_ values

Specifies the difference between consecutive _TIME_ RESOURCE ROUTINTPER=
values

Uses a continuous calendar for _TIME _ RESOURCE ROUTNOBREAK
RESOURCESCHED= Data Set Options

Adds activity or resource calendar RESOURCE ADDCAL
Includes WBS code PROJECT RSCHEDWBS
Includes order variables PROJECT RSCHEDORDER
Specifies the ID variables RESOURCE  RSCHEDID=
Time Constraint Specifications

Specifies the alignment date variable ALIGNDATE

Specifies the alignment type variable ALIGNTYPE

Specifies the project start date PROC CPM DATE=

Specifies the project finish date PROC CPM FBDATE=
Finishes before DATE= value PROC CPM FINISHBEFORE

PROC CPM Statement
PROC CPM options ;

The following options can appear in the PROC CPM statement.

ADDACT
ADDALLACT
EXPAND

indicates that an observation is to be added to the Schedule output data set (and the Resource Schedule
output data set) for each activity that appears as a value of the variables specified in the SUCCESSOR
or PROJECT statements without appearing as a value of the variable specified in the ACTIVITY
statement. If the PROJECT statement is used, and the activities do not have a single common parent,
an observation is also added to the Schedule data set containing information for a single common

parent defined by the procedure.

CALEDATA=SAS-data-set
CALENDAR=SAS-data-set

identifies a SAS data set that specifies the work pattern during a standard week for each of the calendars
that are to be used in the project. Each observation of this data set (also referred to as the Calendar
data set) contains the name or the number of the calendar being defined in that observation, the names
of the shifts or work patterns used each day, and, optionally, a standard workday length in hours. For
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details about the structure of this data set, see the section “Multiple Calendars” on page 101. The work
shifts referred to in the Calendar data set are defined in the Workday data set. The calendars defined in
the Calendar data set can be identified with different activities in the project.

COLLAPSE
creates only one observation per activity in the output data set when the input data set for a network in
AON format contains multiple observations for the same activity. This option is allowed only if the
network is in AON format.

Often, the input data set may have more than one observation per activity (especially if the activity has
several successors). If you are interested only in the schedule information about the activity, there is no
need for multiple observations in the output data set for this activity. Use the COLLAPSE option in
this case.

DATA=SAS-data-set
names the SAS data set that contains the network specification and activity information. If the DATA=
option is omitted, the most recently created SAS data set is used. This data set (also referred to in this
chapter as the Activity data set) contains all of the information that is associated with each activity in
the network.

DATE=date

specifies the SAS date, time, or datetime that is to be used as an alignment date for the project. If neither
the FINISHBEFORE option nor any other alignment options are specified, then the CPM procedure
schedules the project to start on date. If date is a SAS time value, the value of the INTERVAL=
parameter should be HOUR, MINUTE, or SECOND; if it is a SAS date value, interval should be DAY,
WEEKDAY, WORKDAY, WEEK, MONTH, QTR, or YEAR; and if it is a SAS datetime value, interval
should be DTWRKDAY, DTDAY, DTHOUR, DTMINUTE, DTSECOND, DTWEEK, DTMONTH,
DTQTR, or DTYEAR.

DAYLENGTH=daylength

specifies the length of the workday. On each day, work is scheduled starting at the beginning of the
day as specified in the DAYSTART= option and ending daylength hours later. The DAYLENGTH=
value should be a SAS time value. The default value of daylength is 24 if the INTERVAL= option is
specified as DTDAY, DTHOUR, DTMINUTE, or DTSECOND, and the default value of daylength
is 8 if the INTERVAL= option is specified as WORKDAY or DTWRKDAY. If INTERVAL=DAY or
WEEKDAY and the value of daylength is less than 24, then the schedule produced is in SAS datetime
values. For other values of the INTERVAL= option, the DAYLENGTH= option is ignored.

DAYSTART=daystart
specifies the start of the workday. The DAY START= value should be a SAS time value. This parameter
should be specified only when interval is one of the following: DTDAY, WORKDAY, DTWRKDAY,
DTHOUR, DTMINUTE, or DTSECOND; in other words, this parameter should be specified only if
the schedule produced by the CPM procedure is in SAS datetime values. The default value of daystart
is 9 a.m. if INTERVAL is WORKDAY; otherwise, the value of daystart is equal to the time part of the
SAS datetime value specified for the DATE= option.

FBDATE=fbdate
specifies a finish-before date that can be specified in addition to the DATE= option. If the FBDATE=
option is not given but the FINISHBEFORE option is specified, then fbdate = date. Otherwise, fbdate is
equal to the project completion date. If fbdate is given in addition to the DATE= and FINISHBEFORE
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options, then the minimum of the two dates is used as the required project completion date. See the
section “Scheduling Subject to Precedence Constraints” on page 93 for details about how the procedure
uses the date and fbdate to compute the early and late start schedules.

FINISHBEFORE
specifies that the project be scheduled to complete before the date given in the DATE= option.

FIXFINISH
specifies that all finish tasks are to be constrained by their respective early finish times. In other words,
the late finish times of all finish tasks do not float to the project completion time.

HOLIDATA=SAS-data-set

HOLIDAY=SAS-data-set

identifies a SAS data set that specifies holidays. These holidays can be associated with specific
calendars that are also identified in the HOLIDATA= data set (also referred to as the Holiday data set).
The HOLIDATA= option must be used with a HOLIDAY statement that specifies the variable in the
SAS data set that contains the start time of holidays. Optionally, the data set can include a variable
that specifies the length of each holiday or a variable that identifies the finish time of each holiday (if
the holidays are longer than one day). For projects involving multiple calendars, this data set can also
include the variable specified by the CALID statement that identifies the calendar to be associated
with each holiday. See the section “Multiple Calendars” on page 101 for further information regarding
holidays and multiple calendars.

INTERVAL=interval
requests that each unit of duration be measured in interval units. Possible values for interval are DAY,
WEEK, WEEKDAY, WORKDAY, MONTH, QTR, YEAR, HOUR, MINUTE, SECOND, DTDAY,
DTWRKDAY, DTWEEK, DTMONTH, DTQTR, DTYEAR, DTHOUR, DTMINUTE, and DTSEC-
OND. The default value is based on the format of the DATE= parameter. See the section “Using the
INTERVAL= Option” on page 94 for further information regarding this option.

INTPER=period
requests that each unit of duration be equivalent to period units of duration. The default value is 1.

NACTS=nacts
specifies the number of activities for which memory is allocated in core by the procedure. If the number
of activities exceeds nacts, the procedure uses a utility data set for storing the activity array. The default
value for nacts is set to nobs, if the network is specified in AOA format, and to nobsx(nsucc+1), if
the network is specified in AON format, where nobs is the number of observations in the Activity data
set and nsucc is the number of variables specified in the SUCCESSOR statement.

NADJ=nadj
specifies the number of precedence constraints (adjacencies) in the project network. If the number of
adjacencies exceeds nadj, the procedure uses a utility data set for storing the adjacency array. The
default value of nadj is set to nacts if the network is in AON format, and it is set to nactsx2 if the
network is in AOA format.

NNODES=nnodes
specifies the size of the symbolic table used to look up the activity names (node names) for the network
specification in AON (AOA) format. If the number of distinct names exceeds nnodes, the procedure
uses a utility data set for storing the tree used for the table lookup. The default value for nnodes is
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set to nobsx2 if the network is specified in AOA format and to nobsx(nsucc+1) if the network is
specified in AON format, where nobs is the number of observations in the Activity data set and nsucc
is the number of variables specified in the SUCCESSOR statement.

NOUTIL
specifies that the procedure should not use utility data sets for memory management. By default, the
procedure resorts to the use of utility data sets and swaps between core memory and utility data sets as
necessary if the number of activities or precedence constraints or resource requirements in the input
data sets is larger than the number of each such entity for which memory is initially allocated in core.
Specifying this option causes the procedure to increase the memory allocation instead of using a utility
data set; if the problem is too large to fit in core memory, PROC CPM will stop with an error message.

NRESREQ=nres
specifies the number of distinct resource requirements corresponding to all activities and resources
in the project. The default value of nres is set to nobsxnresvar x0.25, where nobs is the number
of observations in the Activity data set, and nresvar is the number of RESOURCE variables in the
Activity data set.

OUT=SAS-data-set
specifies a name for the output data set that contains the schedule determined by PROC CPM. This
data set (also referred to as the Schedule data set) contains all of the variables that were specified in the
Activity data set to define the project. Every observation in the Activity data set has a corresponding
observation in this output data set. If PROC CPM is used to determine a schedule that is not subject to
any resource constraints, then this output data set contains the early and late start schedules; otherwise,
it also contains the resource-constrained schedule. See the section “OUT= Schedule Data Set” on
page 99 for information about the names of the new variables in the data set. If the OUT= option is
omitted, the SAS system creates a data set and names it according to the DATAn naming convention.

RESOURCEIN=SAS-data-set
RESIN=SAS-data-set
RIN=SAS-data-set

RESLEVEL=SAS-data-set

names the SAS data set that contains the levels available for the different resources used by the activities
in the project. This data set also contains information about the type of resource (replenishable or
consumable), the calendar associated with each resource, the priority for each resource, and lists, for
each resource, all the alternate resources that can be used as a substitute. In addition, this data set
indicates whether or not the resource rate affects the duration. The specification of the RESIN= data
set (also referred to as the Resource data set) indicates to PROC CPM that the schedule of the project
is to be determined subject to resource constraints. For further information about the format of this
data set, see the section “RESOURCEIN= Input Data Set” on page 114.

If this option is specified, you must also use the RESOURCE statement to identify the variable names
for the resources to be used for resource-constrained scheduling. In addition, you must specify the
name of the variable in this data set (using the PERIOD= option in the RESOURCE statement) that
contains the dates from which the resource availabilities in each observation are valid. Furthermore,
the data set must be sorted in order of increasing values of this period variable.
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RESOURCEOUT=SAS-data-set
RESOUT=SAS-data-set
ROUT=SAS-data-set

RESUSAGE=SAS-data-set
names the SAS data set in which you can save resource usage profiles for each of the resources
specified in the RESOURCE statement. This data set is also referred to as the Usage data set. In
the Usage data set, you can save the resource usage by time period for the early start, late start, and
resource-constrained schedules, and the surplus level of resources remaining after resource allocation
is performed.

By default, it provides the usage profiles for the early and late start schedules if resource allocation is
not performed. If resource allocation is performed, this data set also provides usage profiles for the
resource-constrained schedule and a profile of the level of remaining resources.

You can control the types of profiles to be saved by using the ESPROFILE (early start usage),
LSPROFILE (late start usage), RCPROFILE (resource-constrained usage), or AVPROFILE (resource
availability after resource allocation) options in the RESOURCE statement. You can specify any
combination of these four options. You can also specify the ALL option to indicate that all four options
(ESPROFILE, LSPROFILE, RCPROFILE, AVPROFILE) are to be in effect. For details about variable
names and the interpretation of the values in this data set, see the section “RESOURCEOUT= Usage
Data Set” on page 127.

RESOURCESCHED=SAS-data-set
RESSCHED=SAS-data-set
RSCHEDULE=SAS-data-set

RSCHED=SAS-data-set
names the SAS data set in which you can save the schedules for each resource used by any activity.
This option is valid whenever the RESOURCE statement is used to specify any resource requirements.
The resulting data set is especially useful when resource-driven durations or resource calendars cause
the resources used by an activity to have different schedules.

SETFINISHMILESTONE

specifies that milestones (zero duration activities) should have the same start and finish times as the
finish time of their predecessor. In other words, this option enables milestones that mark the end of
the preceding activity to coincide with its finish time. By default, if a milestone M is a successor
to an activity that finishes at the end of the day (say 15Mar2004), the start and finish times for
the milestone are specified as the beginning of the next day (16Mar2004). This corresponds to the
definition of start times in the CPM procedure: all start times indicate the beginning of the date
specified. For zero duration activities, the finish time is defined to be the same as the start time. The
SETFINISHMILESTONE option specifies that the start and finish times for the milestone M should be
specified as 15Mar2004, with the interpretation that the milestone’s schedule corresponds to the end of
the day. There may be exceptions to this definition if there are special alignment constraints on the
milestone. For details, see the section “Finish Milestones” on page 98.
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SUPPRESSOBSWARN
turns off the display of warnings and notes for every observation with invalid or missing specifications.

WORKDATA=SAS-data-set

WORKDAY=SAS-data-set
identifies a SAS data set that defines the work pattern during a standard working day. Each numeric
variable in this data set (also referred to as the Workday data set) is assumed to denote a unique
shift pattern during one working day. The variables must be formatted as SAS time values and the
observations are assumed to specify, alternately, the times when consecutive shifts start and end. See
the section “Multiple Calendars” on page 101 for a description of this data set.

XFERVARS
indicates that all relevant variables are to be copied from the Activity data set to the Schedule data
set. This includes all variables used in the ACTUAL statement, the ALIGNDATE and ALIGNTYPE
statements, the SUCCESSOR statement, and the RESOURCE statement.

ACTIVITY Statement
ACTIVITY variable ;
ACT variable ;

The ACTIVITY statement is required when data are input in an AON format; this statement identifies the
variable that contains the names of the nodes in the network. The activity associated with each node has a
duration equal to the value of the DURATION variable. The ACTIVITY variable can be character or numeric
because it is treated symbolically. Each node in the network must be uniquely defined.

The ACTIVITY statement is also supported in the Activity-on-Arc format. The ACTIVITY variable is used
to uniquely identify the activity specified between two nodes of the network. In the AOA format, if the
ACTIVITY statement is not specified, each observation in the Activity data set is treated as a new activity.

ACTUAL Statement
ACTUAL / actual options ;

The ACTUAL statement identifies variables in the Activity data set that contain progress information about
the activities in the project. For a project that is already in progress, you can describe the actual status of
any activity by specifying the activity’s actual start, actual finish, remaining duration, or percent of work
completed. At least one of the four variables (A_START, A_FINISH, REMDUR, PCTCOMP) needs to be
specified in the ACTUAL statement. These variables are referred to as progress variables. The TIMENOW=
option in this statement represents the value of the current time (referred to as TIMENOW), and it is used in
conjunction with the values of the progress variables to check for consistency and to determine default values
if necessary.

You can also specify options in the ACTUAL statement that control the updating of the project schedule.
Using the ACTUAL statement causes four new variables (A_START, A_FINISH, A_DUR, and STATUS) to
be added to the Schedule data set; these variables are defined in the section “OUT= Schedule Data Set” on
page 99. See the section “Progress Updating” on page 109 for more information.
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The following options can be specified in the ACTUAL statement after a slash (/).

A_FINISH=variable

AF=variable
identifies a variable in the Activity data set that specifies the actual finish times of activities that are
already completed. The actual finish time of an activity must be less than TIMENOW.

A_START=variable

AS=variable
identifies a variable in the Activity data set that specifies the actual start times of activities that are
in progress or that are already completed. The actual start time of an activity must be less than
TIMENOW.

AUTOUPDT
requests that PROC CPM should assume automatic completion (or start) of activities that are prede-
cessors to activities already completed (or in progress). For example, if activity B is a successor of
activity A, and B has an actual start time (or actual finish time or both) specified, while A has missing
values for both actual start and actual finish times, then the AUTOUPDT option causes PROC CPM to
assume that A must have already finished. PROC CPM then assigns activity A an actual start time and
an actual finish time consistent with the precedence constraints. The AUTOUPDT option is the default.

ESTIMATEPCTC
ESTPCTC
ESTPCTCOMP

ESTPROG
indicates that a variable named PCT_COMP is to be added to the Schedule output data set (and the
Resource Schedule output data set) that contains the percent completion time for each activity (for
each resource used by each activity) in the project. This value is O for activities that have not yet started
and 100 for completed activities; for activities in progress, this value is computed using the actual start
time, the value of TIMENOW, and the revised duration of the activity.

FIXASTART

specifies that the actual start time of an activity should not be overwritten if it is specified to be on a
non-work day. By default, none of the start or finish times of an activity can occur during a non-work
period corresponding to the activity’s calendar. If the actual start time is specified on a non-work day,
it is moved to the nearest work day. The FIXASTART option specifies that the actual start and finish
times be left unchanged even if they coincide with a non-working time. Thus, if the actual start time is
specified to be sometime on Sunday, it is left unchanged even if Sunday is a non-working day in the
activity’s calendar.

NOAUTOUPDT

requests that PROC CPM should not assume automatic completion of activities. (The NOAUTOUPDT
option is the reverse of the AUTOUPDT option.) In other words, only those activities that have
nonmissing actual start or nonmissing actual finish times or both (either specified as values for the
A_START and A_FINISH variables or computed on the basis of the REMDUR or PCTCOMP variables
and TIMENOW) are assumed to have started; all other activities have an implicit start time that is
greater than or equal to TIMENOW. This option requires you to enter the progress information for all
the activities that have started or are complete; an activity is assumed to be pending until one of the
progress variables indicates that it has started.
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PCTCOMP=variable
PCTCOMPLETE=variable

PCOMP=variable
identifies a variable in the Activity data set that specifies the percentage of the work that has been
completed for the current activity. The values for this variable must be between 0 and 100. A value of
0 for this variable means that the current activity has not yet started. A value of 100 means that the
activity is already complete. Once again, the value of the TIMENOW= option is used as a reference
point to resolve the values specified for the PCTCOMP variable. See the section “Progress Updating”
on page 109 for more information.

REMDUR=variable
RDURATION=variable

RDUR=variable

identifies a variable in the Activity data set that specifies the remaining duration of activities that are in
progress. The values of this variable must be nonnegative: a value of 0 for this variable means that the
activity in that observation is completed, while a value greater than 0 means that the activity is not yet
complete (the remaining duration is used to revise the estimate of the original duration). The value
of the TIMENOW parameter is used to determine an actual start time or an actual finish time or both
for activities based on the value of the remaining duration. See the section “Progress Updating” on
page 109 for further information.

SHOWFLOAT
This option in the ACTUAL statement indicates that PROC CPM should allow activities that are
completed or in progress to have nonzero float. By default, all activities that are completed or in
progress have the late start schedule set to be equal to the early start schedule and thus have both
total float and free float equal to 0. If the SHOWFLOAT option is specified, the late start schedule is
computed for in-progress and completed activities using the precedence and time constraints during
the backward pass.

TIMENOW=timenow

CURRDATE-=timenow

specifies the SAS date, time, or datetime value that is used as a reference point to resolve the values of
the remaining duration and percent completion times when the ACTUAL statement is used. It can be
thought of as the instant at the beginning of the specified date, when a snapshot of the project is taken;
the actual start times or finish times or both are specified for all activities that have started or have been
completed by the end of the previous day. If an ACTUAL statement is used without specification of
the TIMENOW= option, the default value is set to be the time period following the maximum of all
the actual start and finish times that have been specified; if there are no actual start or finish times, then
TIMENOW is set to be equal to the current date. See the section “Progress Updating” on page 109 for
further information regarding the TIMENOW-= option and the ACTUAL statement.

TIMENOWSPLT
indicates that activities that are in progress at TIMENOW can be split at TIMENOW if they cause
resource infeasibilities. During resource allocation, any activities with values of E_START less than
TIMENOW are scheduled even if there are not enough resources (a warning message is printed to
the log if this is the case). This is true even for activities that are in progress. The TIMENOWSPLT
option permits an activity to be split into two segments at TIMENOW, allowing the second segment of
the activity to be scheduled later when resource levels permit. See the section “Activity Splitting” on
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page 122 for information regarding activity segments. Activities with an alignment type of MS or MF
are not allowed to be split; also, activities without resource requirements will not be split.

ALIGNDATE Statement
ALIGNDATE variable ;
DATE variable ;
ADATE variable ;

The ALIGNDATE statement identifies the variable in the Activity data set that specifies the dates to be
used to constrain each activity to start or finish on a particular date. The ALIGNDATE statement is used in
conjunction with the ALIGNTYPE statement, which specifies the type of alignment. A missing value for
the variables specified in the ALIGNDATE statement indicates that the particular activity has no restriction
imposed on it.

PROC CPM requires that if the ALIGNDATE statement is used, then all start activities (activities with no
predecessors) have nonmissing values for the ALIGNDATE variable. If any start activity has a missing
ALIGNDATE value, it is assumed to start on the date specified in the PROC CPM statement (if such a date
is given) or, if no date is given, on the earliest specified start date of all start activities. If none of the start
activities has a start date specified and a project start date is not specified in the PROC CPM statement, the
procedure stops execution and returns an error message. See the section “Time-Constrained Scheduling” on
page 96 for information about how the variables specified in the ALIGNDATE and ALIGNTYPE statements
affect the schedule of the project.

ALIGNTYPE Statement
ALIGNTYPE variable ;
ALIGN variable ;
ATYPE variable ;

The ALIGNTYPE statement is used to specify whether the date value in the ALIGNDATE statement is the
earliest start date, the latest finish date, and so forth, for the activity in the observation. The values allowed
for the variable specified in the ALIGNTYPE statement are specified in Table 4.2.

Table 4.2 Valid Values for the ALIGNTYPE Variable

Value Type of Alignment

SEQ  Startequal to

SGE  Start greater than or equal to
SLE  Start less than or equal to
FEQ  Finish equal to

FGE  Finish greater than or equal to
FLE  Finish less than or equal to
MS Mandatory start equal to

MF Mandatory finish equal to
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If an ALIGNDATE statement is specified without an ALIGNTYPE statement, all of the activities are assumed
to have an aligntype of SGE. If an activity has a nonmissing value for the ALIGNDATE variable and a
missing value for the ALIGNTYPE variable, then the aligntype is assumed to be SGE. See the section
“Time-Constrained Scheduling” on page 96 for information about how the ALIGNDATE and ALIGNTYPE
variables affect project scheduling.

BASELINE Statement
BASELINE / options ;

The BASELINE statement enables you to save a specific schedule as a baseline or target schedule and
compare another schedule, such as an updated schedule or resource constrained schedule, against it. The
schedule that is to be saved as a baseline can be specified either by explicitly identifying two numeric
variables in the input data set as the B_START and B_FINISH variables, or by indicating the particular
schedule (EARLY, LATE, ACTUAL, or RESOURCE constrained schedule) that is to be used to set the
B_START and B_FINISH variables. The second method of setting the schedule is useful when you want to
set the baseline schedule on the basis of the current invocation of PROC CPM.

Note that the BASELINE statement needs to be specified in order for the baseline start and finish times to be
copied to the Schedule data set. Just including the B_START and B_FINISH variables in the Activity data
set does not initiate baseline processing.

The following options can be specified in the BASELINE statement after a slash (/).

B_FINISH=variable

BF=variable
specifies the numeric-valued variable in the Activity data set that sets B_FINISH.

B _START=variable

BS=variable
specifies the numeric-valued variable in the Activity data set that sets B_START.

COMPARE=schedule
compares a specific schedule (EARLY, LATE, RESOURCE or ACTUAL) in the Activity data set with
the baseline schedule. The COMPARE option is valid only if the input data set already has a B_START
and a B_FINISH variable or if the SET= option is also specified. In other words, the COMPARE
option is valid only if there is a baseline schedule to compare with. The comparison is specified in two
variables in the Schedule data set, S_VAR and F_VAR, which have the following definition:

S_VAR
F_VAR

Compare Start - B_START;
Compare Finish - B_FINISH;

where Compare Start and Compare Finish refer to the start and finish times corresponding to the
schedule that is used as a comparison.

The values of the variables S_VAR and F_VAR are calculated in units of the INTERVAL= parameter,
taking into account the calendar defined for the activity.
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SET=schedule

specifies which of the four schedules (EARLY, LATE, RESOURCE, or ACTUAL) to set the baseline
schedule equal to. The SET= option causes the addition of two new variables in the Schedule data set;
these are the B_START and B_FINISH variables. The procedure sets B_START and B_FINISH equal
to the start and finish times corresponding to the EARLY, LATE, ACTUAL, or RESOURCE schedules.
If the Activity data set already has a B_START and B_FINISH variable, it is overwritten by the
SET= option and a warning is displayed. The value RESOURCE is valid only if resource-constrained
scheduling is being performed, and the value ACTUAL is valid only if the ACTUAL statement is
present.

NOTE: The values ACTUAL, RESOURCE, and so on cause the B_START and B_FINISH val-
ues to be set to the computed values of A_START, S_START, ..., and so on. They cannot be
used to set the B_START and B_FINISH values to be equal to, say, A_START and A_FINISH or
S_START and S_FINISH, if these variables are present in the Activity data set; to do that you must
use B_START=A_START, B_FINISH=A_FINISH, and so on.

UPDATE=schedule
specifies the name of the schedule (EARLY, LATE, ACTUAL, or RESOURCE) that can be used to
update the B_START and B_FINISH variables. This sets B_START and B_FINISH on the basis of the
specified schedules only when the values of the baseline variables are missing in the Activity data set.
The UPDATE option is valid only if the Activity data set already has B_START and B_FINISH. Note
that if both the UPDATE= and SET= options are specified, the SET= specification is used.

CALID Statement
CALID variable ;

The CALID statement specifies the name of a SAS variable that is used in the Activity, Holiday, and Calendar
data sets to identify the calendar to which each observation refers. This variable can be either numeric or
character depending on whether the different calendars are identified by unique numbers or names. If this
variable is not found in any of the three data sets, PROC CPM looks for a default variable named _CAL_ in
each data set (a warning message is then printed to the log). In the Activity data set, this variable specifies
the calendar used by the activity in the given observation. Each calendar in the project is defined using the
Workday, Calendar, and Holiday data sets. Each observation of the Calendar data set defines a standard work
week through the shift patterns as defined by the Workday data set and a standard day length; these values
are associated with the calendar identified by the value of the calendar variable in that observation. Likewise,
each observation of the Holiday data set defines a holiday for the calendar identified by the value of the
calendar variable.

If there is no calendar variable in the Activity data set, all activities are assumed to follow the default calendar.
If there is no calendar variable in the Holiday data set, all of the holidays specified are assumed to occur in
all the calendars. If there is no calendar variable in the Calendar data set, the first observation is assumed to
define the default work week (which is also followed by any calendar that might be defined in the Holiday
data set), and all subsequent observations are ignored. See the section “Multiple Calendars” on page 101 for
further information.
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DURATION Statement
DURATION variable / options ;
DUR variable ;

The DURATION statement identifies the variable in the Activity data set that contains the length of time
necessary to complete the activity. If the network is input in AOA format, then the variable identifies the
duration of the activity denoted by the arc joining the TAILNODE and the HEADNODE. If the network
is input in AON format, then the variable identifies the duration of the activity specified in the ACTIVITY
statement. The variable specified must be numeric. The DURATION statement must be specified. The
values of the DURATION variable are assumed to be in interval units, where interval is the value of the
INTERVAL= option.

If you want the procedure to compute the durations of the activities based on specified start and finish times,
you can specify the start and finish times in the Activity data set, identified by the variables specified in
the START= and FINISH= options. By default, the computed duration is used only if the value of the
DURATION variable is missing for that activity. The duration is computed in units of the INTERVAL=
parameter, taking into account the calendar defined for the activity.

In addition to specifying a fixed duration for an activity, you can specify the amount of work required (in
units of the INTERVAL parameter) from each resource for a given activity. The WORK variable enables you
to specify resource-driven durations for an activity; these (possibly different) durations are used to calculate
the length of time required for the activity to be completed.

The following options can be specified in the DURATION statement after a slash (/).

FINISH=variable
specifies a variable in the Activity data set that is to be used in conjunction with the START variable to
determine the activity’s duration.

START=variable
specifies a variable in the Activity data set that is to be used in conjunction with the FINISH variable
to determine the activity’s duration.

OVERRIDEDUR
specifies that if the START= and FINISH= values are not missing, the duration computed from these
values is to be used in place of the duration specified for the activity. In other words, the computed
duration is used in place of the duration specified for the activity.

HEADNODE Statement
HEADNODE variable ;
HEAD variable ;
TO variable ;

The HEADNODE statement is required when data are input in AOA format. This statement specifies the
variable in the Activity data set that contains the name of the node on the head of an arrow in the project
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network. This node is identified with the event that signals the end of an activity on that arc. The variable
specified can be either a numeric or character variable because the procedure treats this variable symbolically.
Each node must be uniquely defined.

HOLIDAY Statement
HOLIDAY variable / options ;
HOLIDAYS variable / options ;

The HOLIDAY statement specifies the names of variables used to describe non-workdays in the Holiday data
set. PROC CPM accounts for holidays only when the INTERVAL= option has one of the following values:
DAY, WORKDAY, WEEKDAY, DTDAY, DTWRKDAY, DTHOUR, DTMINUTE, or DTSECOND. The
HOLIDAY statement must be used with the HOLIDATA= option in the PROC CPM statement. Recall that
the HOLIDATA= option identifies the SAS data set that contains a list of the holidays and non-workdays
around which you schedule your project. Holidays are defined by specifying the start of the holiday (the
HOLIDAY variable) and either the length of the holiday (the HOLIDUR variable) or the finish time of the
holiday (the HOLIFIN variable). The HOLIDAY variable is mandatory with the HOLIDAY statement; the
HOLIDUR and HOLIFIN variables are optional.

The HOLIDAY and HOLIFIN variables must be formatted as SAS date or datetime variables. If no format is
associated with a HOLIDAY variable, it is assumed to be formatted as a SAS date value. If the schedule of
the project is computed as datetime values (which is the case if INTERVAL is DTDAY, WORKDAY, and so
on), the holiday variables are interpreted as follows:

o [f the HOLIDAY variable is formatted as a date value, then the holiday is assumed to start at the value
of the DAYSTART= option on the day specified in the observation and to end d units of interval later
(where d is the value of the HOLIDUR variable and interval is the value of the INTERVAL= option).

o If the HOLIDAY variable is formatted as a datetime value, then the holiday is assumed to start at the
date and time specified and to end d units of interval later.

The HOLIDUR and HOLIFIN variables are specified using the following options in the HOLIDAY statement:

HOLIDUR=variable

HDURATION=variable
identifies a variable in the Holiday data set that specifies the duration of the holiday. The INTERVAL=
option specified on the PROC CPM statement is used to interpret the value of the holiday duration
variables. Thus, if the duration of a holiday is specified as 2 and the value of the INTERVAL= option
is WEEKDAY, the length of the holiday is interpreted as two weekdays.

HOLIFIN=variable

HOLIEND=variable
identifies a variable in the Holiday data set that specifies the finish time of the holiday defined in that
observation. If a particular observation contains both the duration as well as the finish time of the
holiday, only the finish time is used; the duration is ignored.
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ID Statement

ID variables ;

The ID statement identifies variables not specified in the TAILNODE, HEADNODE, ACTIVITY, SUCCES-
SOR, or DURATION statements that are to be included in the Schedule data set. This statement is useful for
carrying any relevant information about each activity from the Activity data set to the Schedule data set.

PROJECT Statement
PROJECT variable / options ;
PARENT variables / options ;

The PROJECT statement specifies the variable in the Activity data set that identifies the project to which
an activity belongs. This variable must be of the same type and length as the variable defined in the
ACTIVITY statement. A project can also be treated as an activity with precedence and time constraints. In
other words, any value of the PROJECT variable can appear as a value of the ACTIVITY variable, and it
can have specifications for the DURATION, ALIGNDATE, ALIGNTYPE, ACTUAL, RESOURCE, and
SUCCESSOR variables. However, some of the interpretations of these variables for a project (or supertask)
may be different from the corresponding interpretation for an activity at the lowest level. See the section
“Multiproject Scheduling” on page 131 for an explanation.

The following options can be specified in the PROJECT statement after a slash (/).

AGGREGATEPARENTRES
AGGREGATEP_RES

AGGREGPR
indicates that the resource requirements for all supertasks are to be used only for aggregation purposes
and not for resource-constrained scheduling.

DESCENDING

DESC
indicates that, in addition to the ascending sort variables (ES_ASC, LS_ASC, and SS_ASC) that are
requested by the ESORDER, LSORDER, and SSORDER options, the corresponding descending sort
variables (ES_DESC, LS_DESC, and SS_DESC, respectively) are also to be added to the Schedule
output data set.

ESORDER

ESO
indicates that a variable named ES_ASC is to be added to the Schedule output data set; this variable can
be used to order the activities in such a way that the activities within each subproject are in increasing
order of the early start time. This order is not necessarily the same as the one that would be obtained
by sorting all the activities in the Schedule data set by E_START.
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IGNOREPARENTRES
IGNOREP_RES

IGNOREPR
indicates that the resource requirements for all supertasks are to be ignored.

LSORDER

LSO
indicates that a variable named LS_ASC is to be added to the Schedule output data set; this variable can
be used to order the activities in such a way that the activities within each subproject are in increasing
order of the late start time.

ORDERALL

ALL
is equivalent to specifying the ESORDER and LSORDER options (and the SSORDER option when
resource constrained scheduling is performed).

RSCHEDORDER
RSCHDORD

RSORDER
indicates that the order variables that are included in the Schedule output data set are also to be included
in the Resource Schedule output data set.

RSCHEDWBS
RSCHDWBS

RSWBS
indicates that the WBS code is also to be included in the Resource Schedule data set.

SEPCRIT
computes individual critical paths for each project. By default, the master project’s early finish time is
treated as the starting point for the calculation of the backward pass (which calculates the late start
schedule). The late finish time for each subproject is then determined during the backward pass on the
basis of the precedence constraints. If a time constraint is placed on the finish time of a subproject
(using the ALIGNDATE and ALIGNTYPE variables), the late finish time of the subproject is further
constrained by this value.

The SEPCRIT option, on the other hand, requires the late finish time of each subproject to be less
than or equal to the early finish time of the subproject. Thus, if you have a set of independent, parallel
projects, the SEPCRIT option enables you to compute separate critical paths for each of the subprojects.

SSORDER

SSO
indicates that a variable named SS_ASC is to be added to the Schedule output data set; this variable can
be used to order the activities in such a way that the activities within each subproject are in increasing
order of the resource-constrained start time.
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USEPROJDUR
USEPROJDURSPEC

USESPECDUR
uses the specified subproject duration to compute the maximum allowed late finish for each subproject.
This is similar to the SEPCRIT option, except that the specified project duration is used to set an upper
bound on each subproject’s late finish time instead of the project span as computed from the span of
all the subtasks of the project. In other words, if E_START and E_FINISH are the early start and finish
times of the subproject under consideration, and the subproject duration is PROJ_DUR, where

PROJ_DUR = E_FINISH - E_START
then the SEPCRIT option sets

L_FINISH < E_START + PROJ_DUR
while the USEPROJDUR option sets

L_FINISH < E_START + DUR

where DUR is the duration specified for the subproject in the Activity data set.

WBSCODE
WBS

ADDWBS
indicates that the CPM procedure is to compute a WBS code for the activities in the project using the

project hierarchy structure specified. This code is computed for each activity and stored in the variable
WBS_CODE in the Schedule output data set.

RESOURCE Statement

RESOURCE variables / resource options ;
RES variables / resource options ;

The RESOURCE statement identifies the variables in the Activity data set that contain the levels of the
various resources required by the different activities. This statement is necessary if the procedure is required
to summarize resource utilization for various resources.

This statement is also required when the activities in the network use limited resources and a schedule is to
be determined subject to resource constraints in addition to precedence constraints. The levels of the various
resources available are obtained from the RESOURCEIN= data set (the Resource data set.) This data set need
not contain all of the variables listed in the RESOURCE statement. If any resource variable specified in the
RESOURCE statement is not also found in the Resource data set, it is assumed to be available in unlimited
quantity and is not used in determining the constrained schedule.

The following options are available with the RESOURCE statement to help control scheduling the activ-
ities subject to resource constraints. Some control the scheduling heuristics, some control the amount of
information to be output to the RESOURCEOUT= data set (the Usage data set), and so on.
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ACTDELAY=variable
specifies the name of a variable in the Activity data set that specifies a value for the maximum amount
of delay allowed for each activity. The values of this variable should be greater than or equal to 0. If a
value is missing, the value of the DELAY= option is used instead.

ACTIVITYPRTY=variable

ACTPRTY=variable

identifies the variable in the Activity data set that contains the priority of each activity. This option
is required if resource-constrained scheduling is to be performed and the scheduling rule specified
is ACTPRTY. If the value of the SCHEDRULE= option is specified as the keyword ACTPRTY,
then all activities waiting for resources are ordered by increasing values of the ACTPRTY= variable.
Missing values of the activity priority variable are treated as +INFINITY. See the section “Scheduling
Method” on page 119 for a description of the various scheduling rules used during resource constrained
scheduling.

ADDCAL
requests that a variable, _CAL_, be added to the Resource Schedule data set that identifies the resource
calendar for each resource used by each activity. For observations that summarize the activity’s
schedule, this variable identifies the activity’s calendar.

ALL
is equivalent to specifying the ESPROFILE and LSPROFILE options when an unconstrained schedule
is obtained and is equivalent to specifying all four options, AVPROFILE (AVP), ESPROFILE (ESP),
LSPROFILE (LSP), and RCPROFILE (RCP), when a resource-constrained schedule is obtained. If
none of these four options are specified and a Usage data set is specified, by default the ALL option is
assumed to be in effect.

ALTBEFORESUP
indicates that all alternate resources are to be checked first before using supplementary resources. By
default, if supplementary levels of resources are available, the procedure uses supplementary levels
first and uses alternate resources only if the supplementary levels are not sufficient.

APPEND
APPENDINTXRATE
APPENDRATEXINT

APPENDUSAGE

indicates that the Usage data set is to contain two sets of observations: the first set indicates the rate of
usage for each resource at the beginning of the current time period, and the second set contains the
total usage of each resource for the current time period. In other words, the Usage data set appends
observations indicating the total usage of each resource to the default set of observations. If the
APPEND option is specified, the procedure adds a variable named OBS_TYPE to the Usage data set.
This variable contains the value ‘RES_RATE’ for the observations that indicate rate of usage and the
value ‘RES_USED’ for the observations that indicate the total usage.

AROUTCAL=calname
specifies the name of the calendar to be used for incrementing the _TIME_ variable in the Usage data
set.
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AVPROFILE
AVP

AVL
creates one variable in the Usage data set corresponding to each variable in the RESOURCE statement.
These new variables denote the amount of resources remaining after resource allocation. This option is
ignored if resource allocation is not performed.

AWAITDELAY

forces PROC CPM to wait until L_START+delay, where delay is the maximum delay allowed for
the activity (which is the value of the ACTDELAY= variable or the DELAY= option), before an
activity is scheduled using supplementary levels of resources. By default, even if an activity has a
nonzero value specified for the ACTDELAY= variable (or the DELAY= option), it may be scheduled
using supplementary resources before L_STARTH-delay. This happens if the procedure does not
see any increase in the resource availability in the future. Thus, if it appears that the activity will
require supplementary resources anyway, the procedure may schedule it before L_START+delay. The
AWAITDELAY option prohibits this behavior; it will not use supplementary resources to schedule an
activity before L_START+delay. This option can be used to force activities with insufficient resources
to start at L_START by setting DELAY=0.

CUMUSAGE

specifies that the Usage data set should indicate the cumulative usage of consumable resources. Note
that by default, for consumable resources, each observation in the Usage data set contains the rate of
usage for each resource at the start of the given time interval. See the section “RESOURCEOUT=
Usage Data Set” on page 127 for a definition of the variables in the resource usage output data
set. In some applications, it may be useful to obtain the cumulative usage of these resources. The
CUMUSAGE option can be used to obtain the cumulative usage of consumable resources up to the
time specified in the _TIME_ variable.

DELAY=delay
specifies the maximum amount by which an activity can be delayed due to lack of resources. If
E_START of an activity is 1JUNO4 and L_START is SJUNO4 and delay is specified as 2, PROC CPM
first tries to schedule the activity to start on June 1, 2004. If there are not enough resources to schedule
the activity, the CPM procedure postpones the activity’s start time. However, it does not postpone the
activity beyond June 7, 2004 (because delay=2 and L_START=5JUNO04).

If the activity cannot be scheduled even on 7JUNO04, then PROC CPM tries to schedule it by using
supplementary levels of resources, if available, or by using alternate resources, if possible. If resources
are still not sufficient, the procedure stops with an error message. The default value of the DELAY=
option is assumed to be +INFINITY.

DELAYANALYSIS

SLIPINF
causes the addition of three new variables to the Schedule data set. The variables are R_DELAY,
DELAY_R and SUPPL_R. The R_DELAY variable indicates the number of units (in interval units) by
which the activity’s schedule has slipped due to resource unavailability, and the DELAY_R variable
contains the name of the resource, the delaying resource, that has caused the slippage.

The R_DELAY variable is calculated as follows: it is the difference between S_START and the time
when an activity first enters the list of activities that are availab