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Benefits of Using Advanced Scheduling Technology
With Primavera P6
Versus
Resource-Leveling Only

INTRODUCTION

Primavera P6 EnterpriseeBréjortfolio Managemenpasagerful, robust, and easy to use solution for globally prioritizing, ptamging, mana
and executing projects, programs and portfolios. Primavera P6 Enterprise Project Portfolio Managementtiparifoliegrated projec
management (PPM) solution comprisspenifie functionality to satisfy each team member's needstiesspotskiils. It provides a
solution for managing projects of any size, adapts to various levels of complexities within a projecteartd medligeathesck of

various roles, functions, or skill levels in your organization arugech tgaum.p

Primavera RBovide a
resource leveling
capability with graphical support to assist users better understand resource usage and optimizebsebancke utilization

The goal eésource levelimgPrimavera P6 is to provide the usevalithresource loaded schedule that does not have any over allocatec
resources. Primavera P6 does not try to optimize the allocation of resources in order to generate the #uheesedeseurEedave
though Primavera does not purpavidiny and optimize schedule, is likely that many users of Primavera P6 are NOT aware that the |
from the resource leveling process are not optimal, and could be improved upon significantly.

So in this Whitepaper,
1 resource levelingl refer tihe functionality provided in Primavera P6 and other commercial project management software, an
1 advanced scheduling technalidigyefer to resowmmnstrained scheduling that attempts to optimize the utilization of resources tc
minimize the projeatadion.

For projects that are time critical/resource intensive, advanced scheduling technology can significantlichoAenopeojgetndura
intelligent advanced scheduling engine that can be utilized with Primavera P6 to gendudgs.shoidexisitbeaper will illustrate these
benefits via the analysis of a real refinery turnaround project. In addition, another example from mandrfatguhiatsiitilde nesudts
occur for other resodoaled schedules.
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1. REFINERY TURNAROUND LEVERAGING ADVANCED SCHEDULING TECHNOLOGY

Stottler Henke and a respected P6 consulting company worked in conjunction toaithlyizesfimea) turnaround project via

Primavera P@ély (utilizing its resodeselig capability), and
Pi mavera P6 | everaging Aurorads advanced scheduling tec

The project network consists of over 2,500 activities. A view of the network is shown below.
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The results of the analyses are a follows:
Primavera P6 resource-leveling 67 days, 3 hours =67.125 days
Primavera P6 leveraging Aurora Advanced Scheduling 56 days, 6 hours, 30 minutes =56.27 days

The difference is absolute terms is over 10.5 days. There are a few ways to compare these results; thesimgaestagamiimply
duations, using tAeirora Advanced Schedudisigits as the basis:

Primavera Résourcéevelings 19.3% longer than Aurora (67.12556.2F / 56.27

Using the P6 resouleeeling as the bases:
Auroraddvanced Schedulsg 16.2% shorter than Primavera B&ourcéeveling (67.12556.27/67.125

Another valuable perspective is comparing thegessuieired result with the Critical Path that is the situation assuming unlimited resol
Why is this perspective valuable? B#oa@#ical Path is the best case scenario, and the valid schedule when considering resources
always be longer than the Critical Path, so the length longer than the Critical Path is the only portiatucHtibe thédltheojesburce

leveling or advanced scheduling can effect.
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TheCritical Paflor the refinery turnaround proféaags.
Primavera P6 resource-leveling results longer than Critical Path 21.125 days
Percent longer than Critical Path 45.9 % 21.125/46
Primavera P6 leveraging Aurora Advanced Scheduling results longer than Critical Path 10.27 days
Percent longer than Critical Path 22% 10.27 / 46

The percent differebe¢ween days more than CriticaloPagisource leveling and advanicedwsing is
105.70% (21.12510.27/10.27

All the results demonstrate the significant benefit of leveraging Aurora Advanced Scheduling in conjunctioRetifi Branavera P6
everything besides the method for scheduling is that saesem Hathieraging Aurora saved over 10.5 days, and all the associated cos!
all the resources that are needed, as well as the lost revenue from the refinery being unavailable.

Of course the cost savings and other benefits of leveraging Aerfoataeeihitigl plan, but even more poseretdidldomes in the
execution phase of the project, where unexpected circumstances need tBydaleakgiituroravith Primavera P6 rescheduling can
by donejuickly antthe updated scheduleheilshorter than if one used redeustimg only. Therefore, every tinselzedule is performed
the overall benefit of leveraging Aurora increases.

WORK PROCESS WHEN LEVERAGING AURORA® ADVANCED SCHEDULING TECHNOLOGY WITH PRIMAVERA P6

The user warkn Primavera P6 just as they always have when leveraging Aurora. That is, the model is developed in Rrimiagera P6 ¢
the results of the scheduling is viewed and analyzed in Primavera P6, the execution updates are also Bb damne av&mythangese
is done Primavera P6 as it has always been done.

So where are the changes when leveraging Aurora with P6? The only changes come when the user wants yongdohedulsethat is, onl
would formerly select resdaxed. Thplan is to provide a menu below the current-fegelumoenu option caBetiedule with Aurtirat

wi || seamlessly schedule the project with Aur o thatime ofshe Wring u |
ofthis Whitepaper, the user needs to export the project as XML, import into Aurora, schedule in Aurora, ajedtthsnxékboirnihatpro
into Primavera P6.

WHY IS SCHEDULING DIFFICULT?

Starting with thenresairce constrained situation klpsate the resource constrained situation. InrdsoMO&constrairedge

(infinite resourcéis® scheduling engine needs to take into account all the technical/temporal constraints when determiniag the schec
mathematical sendes problem is solvable and every project management software package should output the same result. Howeve
resources are introduced the problem becomes much more complex. This can be understood intuitively byocwosgldraigdillthe re
be required to complete an activity. A singteldeattivity could require multiple people each needing sped#trekiiso specific

pieces of equipment in limited supply, furthermore the space were the activity occurs icsilvdies 41y thibexctivity can not occur when
some or all of those other activities. There could be other types of constraints that may to be consides¢obalde résswineo
constrained situation is significantly more complex tleintdragaral case. Mathematically, the resosireéned project scheduling
problem is Nfard (nondeterministic polyrtbmeéhard). This means that there is realistically no way to guarantee that the result provic
optimal result.

It islikely thanhanyusers of commercial project management software are NOT aware that the results from the resource leveling proc
optimal, and could be improved upon signifidaritiynic or at least disappointing, that project teamregititantthe significant effort and

cost to create a resowroestrained model could reap huge time and cost savings simply by running there already built model througt
scheduling engine.
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To illustrate tldéfficulty of resowamnstrainestheduling small project network will be used. It is fortunate that these effects can be seel
scale because due to the inherent complexigsofithe constrained schedulaidem, it is difficult/impossible to visualize what is occurrin
for larger networkse illustrative network is fremeulemeester, E., Herroelen, W.S., Simpson, W., Baroum, S., Patterson, JK. and Ya
(1994. European Journal of Operational Research228, 218

The informati in the figufen the lefi3 defined as follows:

1 Task name/number: # inside circle
1 Activity durationdays # above node
1 Resource units required: # below node.

The Critical Path (i.e., scheduling assuming infinite resoascebpwn7in tli&rimavera P6 Gantt chart above (assumirgdpg fixek
week).

B3 Primavera : SH-01 (Stottler-Henke Sample Schedule P6-01)
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Next a resource limit is set.
1 5 units of resource available.

Resourcéeveling in Primavera P6 results in the following
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B3 Primavera ;: SH-01 (Stottler-Henke Sample Schedule P6-01)
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So the resourteveled result is 8 days for Primavera P6.
If th same problem is resoleeeled in MS Project 2003 or 2007 the result is 9 days as shown below.

'@  |Task | Duration ‘ Start Finish |Predecessors  |Resource {27,708 Tov 3 08 Tov 10,708 I
| [Name | ‘ 1 |Names [TIW[TIF[S[S|M[TIW[TIFIS[S(M[TIW[TIF[S[S[I
1y TO Ohrs| Sat11/1/0812:00 AM| Sat 11/1/08 12:00 AM 114
2 % T 8 hrg| Mon 11/3/08 8:00 AM| Mon 11/3/08 S:00 PM | 1 A )
3y T2 16 hrs|  Fri11/7/08 8:00 AM| Mon 11/10/08 5:00 PM |1 A200%]

4 % T3 32 hrs| Hon 11/3/08 8:00 AM; Thu 11/6/08 S:00 PM | 1 A[200%]

S @: T4 24 hrs| Mon 11/3/08 8:00 AM| Wed 11/5/08 5:00 PM |1 A[200%]

6 % TS 8hrs| Thu 11/6/08 8:00 AM| Thu 11/6/08 S:00 PM| 2 AJ200%]

T % T6 40 hrs Fri11/7/08 8:00 AK| Thu 11/13/08 5:00 PM | 6 A A

8 :% T7 24 hrs Fri11/7/08 8:00 AM| Tue 11/11/08 S:00 PM | S AJ200%] 2]

9 % T8 0 hrs| Thu 11/13/08 5:00 PM| Thu 11/13/08 5:00 PM 7,834 @ 1113

Looking at the Gantt charts you can see that each program lays out the tasks quite differently.

The image below provides another way of looking abjretVESHts.
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Fesource
units

Aurora also finds a result that takes 8 days, Aurorabs sol
raoue)
3
[ 1 g 6
2 4 7

Again, notice how different the results are.

Since the problem is small enough the actual globally optimal schedweodrithe iibustratezlowthe minimum resource loaded project
duration is 7 units of time.

FESOUFCE
units

1 2 7

Note that this problem only dealt with one type of resource. The problem of scheduling while taking into roetiuidlresardes is
small projects

This illustration should hint at the level of complexity that occurs as many more different types of resintroe wcetstr&iotseasmple,

in many domains, suchrediery turnarouaddaircraft assembilyere can be multiple resources per task, for gvamplee numerous
spacerelated issues (only so many workers will fit irneegisad some actions may permanently eliminate possible workspace), so
becomes significantésource that needse managed.

BRIEF AURORA HISTORY

Aurora evolved out of the needs of NASA and later the United Space Alliance, and finally in its applicatoevtiviedistey. rAany
generations, and the latest generation is the result of @les@momigere Stottler Henke systematically looked at every planning
scheduling system Stottler Henke had ever developed, and looked at all the decisions that a planning and stbhadakegasystem |
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designed and implemented an architecturetstigrathaasy to customize every one of those decisions. This latest evolution has beel
by the United Space Alliance as the onboard planner / scheduler for astronauts to use on the Crew(Beplertioanvattidte the
Space Shuttlenhdindustrpperational useclude8oeing for the final assembly of the Boeing B787 Dreamliner.

Aurora is used in the planning and scheduling of extremely complex processes involving thousands of openatars refaica aperat
combination adsources (facilities, equipment, personnel). Aurora is adaptable to different domains that each have tbaml own se
constraints, examples include the safety limitations and floor plan layout coordination involved in prepénagntemaboreatSpace
Station (ISS); roancurrency and offset constraints to allow necessary safety and practicality controls over scheduling asficahaut tim
space constraints, including addition and removal of these axxth&rgomsic constrainits/olved in airplane assembly. Finally, Aurora ha
evolved to meet the +eatld challenges of endless changes to the schedule caused by late deliveries, other delays (e.g., lau
malfunctioning equipment.

CONCLUSIONS

Consider ¢hamount of work that is put into developing a project network, days, weeks, months before-lsgldctiptjoresBresently
there my be significant amounts of time and effort put into optimizing the results of the Primkweia§ésvdtsotoraerive a shorter
project Now with a trivial amount of additional effort after the network development, a shorter duraticulatejtautamdieati
saving the significant amounts of time and effort put into optimizingfttie rEsnfisvera P6 reselenading results. Or put another,
leveraging Aurora saves effort and provides better results.

In this paper we have shown that resource constrained schedules and therefore resource constrained projetly ratieigienyethteis gree
underlying resowtegeling / scheduling engimere so as the project becomes larger and includes larger numbers of resource requiren
other notemporal constraints. It is unfortunate that project teams that have poain gffogigmiéi cost to create a resonsteained
model may not know that they could potentially reap huge time and cost savings simply by running there @uggdy différerddel th
scheduling engine.
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