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Abstract

The purpose of this paper is to present modern ways to manage time, resources and progress in a large-scals
project. Over the last ten years, new project management techniques and tools have appeared such as
concurrent engineering, Continuous Acquisition Lifecycle Support (CALS) and Engineering Data
Management System (EDMS). The world downturn of the early 90s influenced project management:
increasing constraints on time and budget and more external direction on spending that, for example,
requires sophisticated sub-contracting practises. However, the evolution of the software and hardware
market makes project control tools cheaper and easier to use. All project groups want to have their scope of
work considered as complete projects and to control them themselves. This has several consequences on
project staff behaviour concerning project control, and has to be taken into account in every planning
process designed today. The system described will be at the heart of the planning and scheduling procedures
issued for the Large Hadron Collider (LHC), a ten-year project starting at the beginning of 1995, at CERN

in Switzerland.
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1. Introduction

1.1. Time, Cost and Performance

These three dimensions definpraject —when it will finish, at what cost imoneyand resources and what
the output will be.

Time is aglobal, impartial performance indicator. It is an incontestable tool to find a conbensasn the
different actors and thus toanage the streamlining process — scheduling activitigsasthey take the least
time. Focusing on timeases the description of the logistics and mtleaeasier to control. Identification of
the project milestones and fixitigem with thevarious actors is a vitédsue: managing these milestones was
the key to the timely completion of the LEP prdfect

Time management should aim at getting short lead fimekich bring flexibility, cost reduction and quality.

» Changes to specifications are easierrandh cheaper to make during dediigan after productiostarts.
Short lead times increa#iexibility by extending the length of the design phase.

* Reduce costy avoidingbuffer stocks (with their associated early payments) améducing production
time.

» Improve quality by increasing the timavailable todesign the componemind by reducing the risk of
damage to components in storage.

The LHC project has specific constraint: alonigs life cycle, income will beconstaniwhile expenditurewill
have a gaussian distributioRlans andschedules will help the project director and financial controllers to
optimise resource usage and the rate of progress to make income and expenditure balance.

Onetakes the best available estimatesthe cost of each activity to calculditeure expenditureThese
estimates are natatic. They improve from initial guesses, through tesults of a price enquiry, thender
price, to the contracted cost. The contracted cost may change in response to fluctuationsateriaprices
and to amendments to tlentract. This constarthange incosts requires aynamic link between the
purchasing, financial and planning systems.

It is usually possible to reduce resources to costs. The materials budget, for examyle,spent to recruit
people on serviceontracts. Herenehasthe possibility to tradenoneyfor resources and, possibtyme. In
contrast,where the limit to theesource is not the amount mbneyavailable, it is not possible to equate
resources witlzosts. Anexample of this situation is the numberstff directly employed byCERN. Then it

is useful to consider resources by availability.

Financial accounting procedures force us to consider the material budget explicitly, vetafieand
equipment limitationgan be implicit in estimates of tkime anactivity should take. However, bypaking
these resources explicit as welhecan both forecast thstaff requirements and equipmerdedsand see the
effects of changing availability of these resources. These are exceedingly useful and desirable goals.

One of theinputs to the planning process is twion plan This is thehighest level definition of thproject,

created by the project management and other interpatids —these includefor the LHC, future LHC
physicists, those usingeP now, and theCERN council. The action plan is a summary of the project
including thedates of majoevents and thpurpose of the project. At trend of theproject theLHC should

work as specified. There are other indicators of performance, for example the quality of work, the safety of the
system and the impact on to the environment.

The essence of qualissurance idescribing what must be done and doing what has been descfihied
applies both to the planning process and to the planning schedules. The planningyilatessibe how to
produce and follow-up schedules. The process mugillbeved byall involved. The schedules will iturn
describe how tbuild eachpart ofthe LHC and must béollowed. If this sounds authoritariaremember the
people affected by the process and the plans will help to create them.
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1.2. A planning system

The CERN Council approved the LHC project atehd 0f1994. Aplanning systenthatmeets (and does not
exceed) the requirements of those who have to build the LHC is required. The most important goal is to build a
working accelerator on time. This requires co-ordination of the technical gtteaipsill build the LHC. To
co-ordinate the project requires an overall view, wik@honly be achieved by collectirand summarising
detailed information, which iturn is possiblenly if the information is coheremicrossthe wholeproject.

There is also a desire to maximise the freedom of the technical groups to organise and manage their work.

The first tasks in a largprojectare todefine theplanning systemand theProduct,Assembly, Work and
Organisational Breakdowstructure¥ (PBS, ABS, WBS, OBSespectively). Th& HC planning system has
three components: thgeople who will do the planning, @rocessthat specifies what they have to do to
manage timand resources, and theftware toolsandhardware thathelp the planners tapply the process.
The planning system and the breakdown structures make a framework in which work can proceed.

1.3. In this paper

Many discussions of projentanagement centre on howstiartthe project, with very little attention paid to
how theproject will run. This papeaims to address botlbove all, this paper presentsvery pragmatic
approach to planning and scheduling applied to one-of-a-kind large-scale projects such as the LHC.

This paper has the following structure.

» Some planning and scheduling approacheprasented and their advantages discussed -entheelected
identifies and decouples three levels of planning.

» Procedures for project planning are outlined as a basis for discussing and creating detailed procedures.

» The selection of tools to aid the planner is considered within the context of the graijgctlarly the
desire to enable all groups fiarticipate inthe planning and to make connections to centratiatzbases
during the installation phase.

» Finally, there is an action plan fonplementing the planning system in timetést it on the prototype
dipole magnet sub-project.

2. Themes

2.1. Techniques

In the past, traditional academic approaches to project planning sshéduling focused on algorithmic
techniques. Deterministic networking technigsiesh as Program EvaluationReview TechniquéPERT) or
Critical PathMethod (CPM) were developed in thgixties, resource allocation optimisation algorithms in the
early seventies, probabilistietworking methods in thiate seventies, and Program Analysis, Control and
Evaluation (PACE)more recently. When applied karge-scale projects, all theswdelling techniquebad in
common huge calculation requirements available only on main-frame computers, indeed diirsifislkes of
computers was to perform such calculations!

The following model of aprojectlifecycle” is interesting because it reflects clearly the inputs and outputs
attached to one-of-a-kind industrial projects. It emphasises the close conrtbetiandgstbetween time and
levels of conceptualisation and materialisation.
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Figure 1: The Project Lifecycle

There are many studies on these and other aspects of project corgs@jripte on the human side of project
management and time, resource prajress control using software tools. Therdaner studies inthlow to
fit these ideas together into a system for project management.

2.2. Managing Risk

The LHC projectinvolvesstrategic, technical anetonomic elements. Dealing witisk is important. There
are two ways of implementing risk management: a qualitative approach, and a quantitative method.

The quantitativenethod isbased on Monte-Carlo simulations. A statistical distribution of task duration is
attached to each activity. This requires feed-back from previous projeetsch type ofask. Forspeculative
Research anBevelopmenprojects such as tHeHC the quantitativepproach isnefficient: costly andvith
limited results.

The qualitative approach consistda#ntifying therisks at each stage of the project. With the rig&stified,

one maysimulate multiple scenarios, creating a scheftwleach, and assessitig risk on thdasis ofthese
simulations (what-if analyses). Planning co-ordinators can contribute a great deal to this processisRlacing
limitation floatsbetweerwork packagéd helps to reduce propagation of delays.

2.3. Levels, Phases and Decoupling

The project managememiust have awverview of theproject. They also want theeople whdouild LHC to
make theirown plans, inthe beliefthat thiswill maximise commitment to theroject. These ideas lead to two
notions: a hierarchy dévelsin the planning system andiee grid Having a hierarchy of levels allows the
management to concentrate on the major milestones gpfdfect. Thisleaves the technical groups to plan
how to achieve them. From the major milestones, siotewill be developednd subdivided to provide a grid
in which to schedule the wogackages. This grid, and the maijaifestones, establigtontrol pointsthat the
managementan concentrate on. These principles allow both the co-ordination oaerogs groups and the
maximum freedom of action for each group.
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There aredwo ways to set up the planning processgle-network planning and multi-level planning. In a
single network all activities are linked and a change to one has the potential to affect all others. Work packages
in multi-level systems are decoupled and changes to activities affect only the work package they are in.

2.3.1. Single-network planning

In this traditional approach to plannirige project as whole is networke@nd scheduledhen theWBS is
available. At the beginning of the project the first activitieseledefined both the estimates of duration and
the links to other activitieare known. Activities a long way in thieiture arerepresented by looseliynked
summary tasks. With time, medium term tas&someshort termtasks andhe WBS can be updated and thus
the network and the schedule.

@ — There is a unigue network to manage.
— This is the planning process used on small projects.
— Manylimited project control software systems are designed to run under this paradigm.

@ — This type of schedule must be updated very frequently.

— When scheduling, the plannddrationgiven to atask ismeanvalue. In most cases tteetual
duration is longer oshorter, rarely equal to th@lanned duration. Theonsequence ithat the
network changes frequently, each time itgsalculated. Fromone week tdhe next group leaders
must re-optimise their remaining workelevelling their resourceste-estimatingtask duration,
reconsideringthe logical links to avoid postponing ttergetmilestones. On a large-scale project,
this requires much energy from lead engineers with insignifieantts which results in a resistance
to engage in formal planning.

— This system is quite efficient at the early stage of the project,limadines more and maremplex
with time. This leads to projestaff starting to usdaily remaining work estimatdastead And it
is up to the project managementctmvince people involved with planning thieject tokeep using
such a huge network .

— Reporting the project performance is more difficult. Sta¢usdate is found on the updated revision
of the schedule, and not on the base-line version.

— It is better to distribute risk limitation floats throughout the propgtyith this system floatends
to bunch at the end of the project.

2.3.2. Multi-level planning

To avoid these problenmecan usamulti-level planningCorporate planners, for example, use thegels.

The highestevel is thestrategic plarowned by the compangirectoratewhich contains the company goals

for the longerm, three to fivgrears. Atthe intermediate levalrethe tactical planspwned by the divisions of

the company. Each manager plans the activity oflithsion for amediumterm period, up to two years. All
tactical plans must fit intthe strategic plan and with the plans of the other divisions. The operational plans
add detail to théactical plans fothe coming two or three months. In planniegns, theséevelsare called
master co-ordinationanddetailed

Applied to a large-scale projestich as th&HC, the toplevel is themaster scheduldt covers thewhole
duration of the project from conceptuaigsign to final commissioning. Theasterschedule may contain up to
150 tasks andilestones and is issued before the prgjeantt-up. Itmay be modifiedccasionally, to reflect
changes in the scope of the work and new environmental constraints.
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Figure 2: Schedule Consolidation between the Master Schedule and Co-ordination Levels

G. BACHY, M. TARRANT, P. BONNAL, A Planning & Scheduling System for the LHC Proj&@&RN & SGN, Sept '95




-7 -

At the second level there are famarordination scheduleg&ach covers one of the major phases of the project:
the design co-ordination schedulghe procurement & manufacturing co-ordination schedutke
construction co-ordination scheduland thetest co-ordination scheduld@he purpose of these schedules is
to co-ordinate efficiently the work of technical groups.

The co-ordinatorsvill consolidate these schedules into thasterschedule using thé&/BS. They will ensure
thatthere is a risk limitation flodtetween each schedule. Co-ordinaterel schedules may letualised at
most three times a year. The elementary activity of the co-ordination schedule is the work unit.

At the third level, thaletailed schedulesontaindetailed tasksThe aims of detailed schedules issued by
technical groups, sub-contractors and suppliers areleterminethat the resources (faxample staff,
equipment or facilities) required to achieve tagks are available; and ththe work to perform is feasible
within the timeconstraintgdentified in the co-ordination schedule. These schedules, sincarthéyternal to
the groups and decoupled from other groups’ schedules, may be actualised as frequently as required.

The planning co-ordinators magmetimes need motasks than fit naturallinto a co-ordination schedule. A
zoom scheduléocuses on critical tasks andsharing resource schedubdlows sharing of resources, for
example a drawing office, amongst several groups.

When consolidated (following th&BS) theseadetailed schedules mu#t within the corresponding work unit
of the co-ordination schedule, preferably with a risk limitation float before the next work unit.

©

Risk limitation floatsare distributed atlong the project life cycle, ibetween worlpackages. The
result of this is that activities scheduled several years in advance are not camstaediprand by
trivial day-to-day changes. Thus technical group leaders can schedule resource usage in the short and
medium term with greater certainty.

— Actual andexpected dates and duration areonitored besides planneftes. Thisgives a more
accurate and stable view of the performance of the project.

— At the early stages of speculative projects it is impossible to haaecarateview of the whole.
Setting intermediatéevel milestonedias abeneficial effect on peoples’ work — helping them to
finish on time and within the budget for the level of quality required.

— This planning procedsasbeen welltried by majorengineering companies involved large-scale

projects.

@ — There aranany schedules and sub-networks to manage: the planning team must be organised for

this.

— The planning and scheduling software mustidémigned or selected odapted to work with levels,
which precludes the use of many software packages.

— A limited degree of freedom (defined by ¥MBS) is given to theproject staff to contribute to the
planning and scheduling of the project.

— The project management wilted toensurethat the strategienilestonesare met to make this
planning process efficient and credible.

This concept otlividing thetarget intointermediate goalsven if it seem$azy in terms of networking and
interface monitoring, is much more efficient in termrigk limitation and projecstaff involvement.The LHC
planning process fits this multi-level, decoupled method well.

! Actualisinga shedule means to change the schedule in response to changed requirements or externalltdsdition.
is distinct fromfollowing-upa schedule, when progress is recorded on the existing schedule.

2 An activity has a date when it expected tostart; the actual date it starts is recorded; if there déffarence

between planned and actual then the expected finish date will be different to that planned.
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2.4. People involved in planning LHC

There will be many people involved in plannibgiC. They have differing needsnd requirements, but
fortunately fall into a small number of identifiable groups. Their requirenvélitehange throughout the
project, in which one may distinguish two phaséat-up,and follow-up.

a)

b)

During thestart-up phasehe project managementwill have toestablish the mastschedule —that is,
the strategic goals and majoilestones of the project. These control points eaitistrain the planning of
everyone.During the follow-up phase, theyill require reports ofeventsthat may affect the control
points.

The planning co-ordinators will assistthe project management in ttart-up phase to establish the
master and co-ordinatidevel plans forthe project. Throughout the project theyl maintain these
plans, theywill bring scheduling andesource conflictbetween thevarious technical groups to the
attention of thosévolved and work to resolvéhem. They will producereports and risk analyses and
bring to the attention of thmanagementircumstances thamay affect the control points. Thesil also
produce and distribute progress reports and chlanising thestate ofthe project throughout tHellow-

up phase.

During thestart-upphasethe technical groupswill help the management &stablish the control points

of the project. The main activity in all phases is to establish defdded (level 3 scheduledpr the
implementation o£HC. They mayalso actively manage their resource requirements and report progress,
but in some cases these functions will devolve onto the planning co-ordinators.

The external collaborators and contractors will establish detailegllans for theirareas ofwork and
report progress. Contractors shall have limited and strictly controlled access to the central planning data.

Cost estimators at thestart ofthe projegtand financial controllers throughout the project, want to
forecast the cost of work ovegarzen periodand take actions, f@xample accelerating or delaying work
or payments, to keep expenditure within éhailable budgefThis is acomplextask,during whichthey
must trackincreasinglyaccurate estimates thfe cost of an activity and finalpostthe actual costThey
will need toanalyse expenditure by country to fulfil the terms of‘teir Return” policy, and after the
end of the project they will want to asses the financial performance.

2.5. Communication between Groups

It is essential in a project the sizeldfiC that allknow theaims of the project and the current situation.
Technical groupsvill be dependent not only on othgioups at CERN, but athe work of laboratories and
firms throughout the world. It is therefore essertialt there is a central repository of information on the
progress of the project, and the need for a central planning group to manage it.

Here lies the incentivior the technical groups to share th@ans. Theplanning co-ordinatorill add value
to the information by making links to other wqrickages, adding resource information anddiiecting and
summarising the plans of a@tivolvedand then making these summaries available tgrthgs. The sharing
of information becomegart ofthe planning procesather than a feature tfe planning software. There are
two mechanismfor disseminating informatioaboutthe LHC project. The first ishe traditionabne offace-
to-face communication, the other is electronic.

The central planning teamiill work closely with management and in a tight loop with the techgicalps.
They will ensurghat acoherent, globaliew of theproject is available to management and techigjaalps.
The emphasis here is working togettiiest to plan andhen to implement thplans. In this situatiorwhere

the aim is to keep people working on the samugect, and tesee andvert potential problems, there is no
better method of transmitting information than by personal contact, both in formal and informal situations.

For the transmission of the finer details of the project, or to those people geographically remQGERNM
and to those ndhvolved directly in the planningffort butinterested in a globaliew of the project, the
planning co-ordinatorill producereports and chartshowing thecurrent situation, at frequent intervals.
These will be made available to all, as text and images, using the World Wide Web.

G. BACHY, M. TARRANT, P. BONNAL, A Planning & Scheduling System for the LHC Proj&@&RN & SGN, Sept '95



3. The Planning Process

3.1. Prerequisites

The project’s action plarspecifying strategitime slots and majomilestoneshas alreadyeen defined and
awaits approval. The planning phase starts by defining the Work Breaktiawture (WBS)which depends
on the PBS and the ABSwhich are not complete. The master schedule is being definischaper must also
be approved before defining the planning process in detail.

3.2. WBS definitioff! 1! [°]

The WBS contains akklementsnecessary to complete the projeall: thecomponents of th& HC and
everything necessary to assemble them. It ibadisés of quality control, because thsmplete decomposition
ensures thatverythingthat must belone is known; nothingan be forgotten. The WBS illustratesv each
piece of the project is tied into tisole interms of performance, responsibility and budgeting. The WBS is
built from:

» the components from the PBS

» the infrastructure and assembly activities from the ABS

» the action plan for the project

» the basic phases in the project, for example design, purchasing, prefabricating, assembly, testing;

 and possibly theCost Breakdown Structure (CBS)used for implementing the budgeand for
subcontracting the prefabrication and assembly.

The WBS isderived from manygourcegnaking it is possible to design many differstmtictures. Thaim of
this first step ofthe planning process is design the optimunstructure, not toodetailed to create
administrative work, nor too abstract to preclude efficient project control.

At the top of theWBS isthe objectivdor the project, th& HC. Onecansee from the lifecyclmodelthat
intermediate levels of th&/BS areused to identify theets of tasks related tioe desigmphase (see Figure 1)
at thestart ofthe project and the test phase ateth@. The lowest levels identify teet of tasks related to the
materialisation phases.

Entries in theWWBS arework packages. Thesge units ofvork to complete a specifigrocess or jobowned
by the planning co-ordinators. The ‘leaves’ of W8S, work units (see Figure2), have(a) one or more
objectives(b) control points along with specific critetifor evaluating performancé;) known requirements
of money,labour and other resourcdd) a named individual responsildier the outcome(e) a relatively
shortlife of lessthan two months. In terms of levels, a technical group owns the work unit apldrthiang
co-ordinators can see its summary activity for consolidation into the co-ordination schedule.

At the beginning of thproject the details of all the work packagesne of which willnot start forten years,
are notcompletely andgccuratelyknown. However, because the work packages relatddsignphases are
attached to intermediate levels of the WBS, a very accurate plan is feasible in the short term, alesige the
proceeds the details of thest of the project emergdhis implies that the WBS has to be actualised
periodically, requiring a configuration management system to hoklthentdefinition of theLHC and track
the changes, and good communication between project teams to react to the changes.

Although the work units may be at the differkaviels of theNBS (this is alsthe casdor the PBS,the ABS
and the OBS), for labelling and communicating purposes the levels of the WBS must be standardised.

®  For example, number of drawings issuedbic meters of concrete poured, meters of cable pullediber of

magnets tested. But not percent complete.
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As described above, th&/BS is atree-like structure. There arevo other ways of arranging tleéeements.
When it isuseful to consider function agell as elements in the machin@\#8S matri¥ can be used. The
activity catalogue is a list of all elements in the WBS, arranged without any structure.

The WBS andhe activity cataloguare prepared bthe planning co-ordinators, verified by the technical
groups and approved by the project management. It will be distributed to key projeeastsfbithe activity
catalogue may be given to sub-contractors.

A detailed procedure for creating the WBS is shown in appendix Al.

3.3. Master schedule issue, approval, follow-up, actualisation

The master schedule is issued at the beginning of the project. It will have Bs0@utvities and events, and
covers thewhole project, from thedesignphase tacommissioning. Thenasterschedule igprepared by the
planning co-ordinators, verified and approved by the project management. It is distritketegdrtgect staff.

It is used for assessing the progress of the project and communicating progress outside the project team.

The project action plan containing tkey events of thproject and their dates is requiredirgplement this
schedule. Activity duration is estimated from experience of buildi#fgand other accelerators. Preliminary
co-ordination schedules may be used to consolidate the wa®teule as they becomeailable. The master
schedule may be actualised at management request at most three times during the life of the project.

Progress scheduleshowing remainingdurationswill be issued monthly. Timgrogress is obtained by
consolidating co-ordination schedules.

3.4. Co-ordination schedule issue, approval, follow-up, actualisation

The co-ordination schedules will be issued at the early stage of each of the major phases of tiuegigrject:
procurement & manufacturing, construction and testing. The WBS and activity catateghe basis of
network construction and are required to implement these schedulewilEhate aroundB00 tasks. The co-
ordination schedulesre prepared bihe planning co-ordinators, verified by techngraups and approved by

the project management. They are distributed to the project key staff. With the formal approval of the planning
co-ordinators, parts of them may be given to suppliers and sub-contractors.

Eachschedule williit within the masterschedule with some time gpare.These risk limitation floatwill be
monitored by the planningo-ordinatorsWhen available, detaileglans(level 3 schedules) may be used to
consolidate the co-ordination schedules.

Schedules with progress marked thbem showing remaining timare issuegeriodically: once or twice a
month. Time progress is obtained from detailed scheeaties theyare available, that is fdhe next few
months, by estimating remaining duration on Hase of physical progressemaining work, resource
availability, or external constraints.

The project management or technigiaups may request the actualisation of co-ordination schedullesrdf
is an impact on the master schedule, the project management’'s must approve the changehethbse
should not be actualised more than twice a year.

3.5. Detailed schedule issue and follow-up

The detailed schedulese issued fothe immediatéuture andcover a maximum dbur months. The purpose

of these schedules is: to show that the resources required to achieve tasks are available, and that the work to d
is feasible in the timavailable — the planned duration of the co-ordination schedule’s corresporating

task

These schedules can be issued by either the techrocglsthe sub-contractors and supplier, or planing
co-ordinators. There are no specific limitation on the number of tasks. The detailed schedules can be actualised
as often as required; at this level, monitoring the baseline is not required.
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When issued b ERN, detailed schedulemre preparedither by planning co-ordinators or technical groups,
verified by technicalgroups and approved by planning co-ordinatévben issued bysuppliers or sub-
contractors, they are verified by planning co-ordinators and approved by technical groups.

3.6. Involving contractors in planning

Involving the sub-contractors and suppliers in the planning process is very impdramtallingfor tenders,
when the contracts are awarded and later for the contract follow-up.

A schedule should bpart of each bid. To simplify comparisorisetweenbids, these schedules must be
standardised. For this, the following steps have to be taken:

a) before the beginning of the procuremehiase, prepare a procedure floe attention of the bidders
explaining our expectations for both the bid and contract phases

b) when preparing the calls for tenders, pregledetongone for each call for tender) that:
o [ist the activities which must appear as a minimum in their schedules

o show major interfaces, constraints and key events

c) compare the schedules presented by bidders, in addition tastta technical, price anduality
comparisons.

When preparing the skeletons, planners must be awarertiaitraum ofinformation is required: to enable us
to distinguish betweebids, the firms must haveome freedom irpreparing their schedule. Tis&eleton
should have a realistic duration and links external events, but it for the bidders to add the details.

The selectedontractors and suppliers must aplalyel 3 planningorocedures: their detailed schedules must
integrate key events from co-ordination schedules and they must report on a regular frequency.

3.7. Communication with and between technical groups

The interfacedetween technicgroups aremonitored at the co-ordination level. The planning co-ordinators
will assist finding a consensus solution to conflicts between groups. The three major causes of conflict are:

* interfacesbetweengroups have nobeen identified or théask sequencing is incorrect — leading to
postponement of linked tasks

» a taskbelonging to agroup is late (caused by, for example, underestim#ti@gduration, insufficient
resources, increasing the scope of the work, change orders requiring rewdeldyirg thestart of tasks
in other groups

» a task is notfeasible as planned (becausg for example, insurmountable technical difficulties or
unexpected technical problems), which requires a review of, and changes to, the project network.

Planning co-ordinators have moinimise the consequencessaich events. lisomecases the riskmitation

float is sufficient tosolve the conflict. linot, what-if analysesredone on copies of the network to find the
best solution. Thelecision makingorocessstarts bytrying solutions without consequences on other work
units, then without consequences on wotksts under sub-contractors wendors responsibility, antthen
without too many consequences onriester schedule. The solution may require the actualisation of the co-
ordination and master schedule.

3.8. Interfaces with financial controllers.

Cost controllers alsthave requirementdpr example issuingcommitmentand payment schedules. Such
information shall be taken into account into the procurement co-ordination sdieedulmmittedcosts, and

in the construction co-ordination schedule for invoiced costs. Data are then exported to their system to produce
reports on contributions and expenditure.
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The financial controllers witheedreports of contract progress.viil simplify the procedures ifas naturally
happens in many projects) the planning co-ordinators become the central node for distributing information.

3.9. Progress reporting

The aim of a progress report is to depict the actual status and to compare plantieat. Three measures of
progress are useful: time progress, physical progress and worked time progress.

3.9.1. Time progress reporting

The aim is to record thétme elapsednd the remaining duratidar eachtask which has, orshould have,

begun. This applies to the master and co-ordination schedules. It is not suthgesked technical groups
neednot monitoprogressindeed, the informatiofor the co-ordination schedule masimefrom the groups.

It is just that there is usually no need for others to see the details of a group’s work.

Very often, tasks will not start when planned. @aghidethis by arbitrarily alteringhe expected duration of
following tasks, but it is better to find real solutions.

The remaining duration determined by estimating the remaining physigailk, pastperformance, resource
availability, associated risks and the possibility of a re-definition of the scope of work.

PLAN BASELINE FIRST ISSUE |4 M€ now (progress mark-up datg)
Rd4>|.._‘_

| 2

f Planned duration %
I EE—

Planned Planned Actual i ; a:\Forecast
Star date Finishdate  sraridate e ROmANING duralion, T H e
SECOND ISSUE acme OV THRIRD ISSUE Time now
Forecast

Actual -7 Rd ™ Actual - Actual EI

Start date - Start date Finish date

Figure 3: Marking up progress

3.9.2. Physical and worked time progress monitoring and repBrting

The main objectivefor measuring physical amibrked timeprogress are{a) to be able taevaluate the
performance of the project, an¢b) to be able t@eethe overall progressof the project. The performance of
an activity is the physical progress of tlask compared with the time workebtipth usually expressed as
person hours.

Progress may be estimated in different ways. Most methods are based on the same basic principle of allocating
progress values tmilestones — not thenasterschedule ones — defined in tipeoject implementation

process. Milestonare chosen because it is easy to sdeen they havébean achieved and there is no
administrative overhead to recording this.

The assessment of physical progress between these milestones can be obtained in various ways:
* by manual estimation of the progress

* by assuming linear or gaussian progress between the milestones (continuous progress)

» by assuming no change in progress between the milestones (discrete progress).
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The planner can apply theseethods awariouslevels in the planning hierarchy: to co-ordination schedule
tasks,work units and mostlementarytasks. Theusefulness of each depends onghase of the project. To
choose between them will require a thoroaglalysis of their strengths and weaknesses in each phase and
reflection on experience drawn from a variety of other large-scale proj€tiERMt, and, forexample, those

run by SGN at La Hague. Thgmal is to fulfil the objectives outlined above whilsinimising the work of
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progress calculation.

3.9.3. Monthly progress report

At a minimum the progress report shall cover the following points:

Every progress repowill be prepared by the planning co-ordinatorsyified by the technicajroups and
approved by the project management. It will berithisted tokey project staff, and can also be used for

Figure 4: Physical progress assessment

the work which has been achieved in the period both qualitatively and quantitatively

the problems which have been encountered in the period, the coraetitives taken (change orders) and

the consequences foreseen for remaining work

the actual status of the project versegpthaned one, hencelaster and co-ordination progress marked-up
schedules, time schedule outlooks, physpralgress summary and curves amdrked timeprogress

summary and histograms.

communicating progress.
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4. Planning tools

The nature of the planning toohe chooses depends on phgject requirements and the software features
necessary to support them, such as:

» time analysis —types of logical links, units of time, multiple calendars, fixed, resource or éffeen
duration

» resource analysis— heterogeneous or homogeneaasources, multiple calendarsmoothing and
levelling techniques

» logical structures— WBS, OBS, Resource Breakdown Structure (RBS)
* cost analysis

» project tracking — actual startand finish dategplannedvs. forecast dates and durations, physical
progress monitoring

» charting and reporting — Gantt, PERTand Precedenaharts, activityoutlining, custom formatting,
baseline vs. actual Gantt charts

There is a difference in the requirements between design, procussrderanstruction at tHeeginning of the
project and installation and testing toward the end. Experience gainedldtifisgggests thathenthere are
few links between worpackages —when theWBS matchethe OBS —theycan beeffectively decoupled.
This is what is foreseen for the LHC.

During installation the different groups must watksely together. Stor the installation phase there is a
much tighter coupling between woplackages. Work is also constrained by ¢befines of the tunnel and
there is aneed to viewtasks by theiposition in the tunnel. Thievel of co-ordinatiorrequired demands the
integration of the detailed activities irdoenetwork. Theneed to sethe position of activities requires access
to standard codes stored in Oracle.

The software must allow sufficient numbersfof, examplefasks, calendarfreakdownstructurelevels and
resources, and process them in reasonable time.

Most planning packages run on one of a fell-known platforms: 68% on PC/MS-Windows, 22% ONIX
workstations and 12% on M&cMost ofthemrun ononly one —just seven of the 67 planning tools listed in
this articlé” are available on all three of these platforms. Not all of these use a database to store data.

Other organisations arejecting the single netwodpproachtogether with complex planning tools, in favour
decentralised detailed planning and central co-ordination using simple tools. Some examples are:

» Hibernia: a six year, 7000 M US$ Mega Offshore Platform in Canada

» UP2-800 at La Hague: an eight year, 10000 M FRF Nuclear Fuel Reprocessing Plant in France

» CBS: aten year, 300 M ZAR telecommunication project in South Africa

» the Siemens world-wide planning division, responsible for all Siemens project planning.

4.1. Present situation

Software Tools

There was a project find a replacemerfor the LEP planning package?OL, between1990 and 1994. The
criteria were that the package should replace the functionalityP©t., be more user friendly and be a
commercial product. In Septemld&94 CERN bought planning packagthatmet these requirements, called
P/X.

Powerful enough to integratdl thetime and resource plannirigr the LHC, P/X appeared to be tmest
user-friendly softwarethat met our requirements. Despite thisxperience atCERN and atother
organisationd hasshownthatthe software is sufficiently difficult to use pait off many potentialisers.
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Many of the advancefg@atureswhich differentiatd?/X from cheaper competitorare particularly difficult to
use. Howeverpnce mastered, it is extremelgeful to a central planningffice if a monolithic, singldevel
network is foreseen.

Many people aiCERN have experience of using Micads Project and have found it easy to use. Typically,
people use it for small projects, or the outlines of larger ones; only tirbedrasonsidere@ind not resources.
Although available aCERN, Microsoftproject was notonsidered as BOL replacement, becauseditl not
have the necessafgatures. In particulathere was ndink to theOracle database systekowever, recent
versions of Microsoft Project now have much more functionality.

Hardware
There are three types of computer commonly used at CERN: PC, Macintosh and UNIX workstation.

New versions often appear first on the PC and sometimes not at all on the other platforms. The next version of
MS-Project,version '95, shouldappear by Nogmberfor the PC and will allow direcccess to Oracle
databaseswhilst Project versiorfour has just arrived fothe Mac. P/X currently runs on PCs andNIX
workstations, whilst MS-Projeatuns on PCs and Mac®SDI, the vendors dP/X, will not continue
supporting UNIX because of lack of sales, tieed toconcentratelevelopmentesources and the ease of use

that can be achieved by developing for only one system, the PC running Windows.

Development toolghat allow the softwaraleveloper to be very productive and to integdat&from several
applications are available for the PC and supported by the CN division.

4.2. Choosing the LHC planning tools

LEP experience showetthat plannersnostly worked with time scheduling. Thaged, typically, neither cost
control nor resourckevelling. Theratio of benefits to costs of usingsimple tool is much highehan for
using a complex tool. And if there is no benefit the planner may wish to use a simple tool.

There are several solutions possible:

Solution no. & everyone uses P/X including collaborating institutions and contractors.

©
®

availability of P/X features to all planners involved with LHC project
all planners share the same database (as for LEP with the POL software)

price of the software: the licenses and maintenance payments are expensive

training requirements for group’s planners and time required to become merely proficient

P/X does not run under MacOS, what means extra PCs are required

P/X is a powerful tool for the full time planner, it is too complicated for others to use effectively
it will be difficult to persuade sub-contractors and external organisations to use it.

Solution no. 2 all at CERN useP/X, but MS Project is standard data format fexternal
organisations; the central planningitabase is in P/X format foconsolidating
information.

©

availability of P/X features to all CERN'’s planners

at CERN, all planners share the same database

MS-Project is the moswidely available planning softwarenany sub-contractorgnight have it
already

®

price of the software: the licenses are quite expensive

training requirements for group’s planners and time required to become merely proficient
P/X does not run under MacOS, what means extra PCs are required

data integration from MS-Project format files to the central planning database necessary.
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Solution no. 3 planning co-ordinators ud®'X, others can use eith®X or MS-Projectpnce again
with a central Planning Database

@ — planners share a central planning database via MS-Project file data integration
— P/X still the tool to produce global views
— MS-Project is very affordable at $695, and it can run either on PCs and Macs
— Ease of use of MS-Project implies reduced training requirements
— MS-Project is the moswidely available planning softwarenany sub-contractorsnight have it
already

@ — data integration from MS-Project format files to the central plardatpase necessary amitl not
be as seamless as if P/X only is used
— coherency of thdata:the difficulty ofkeepingthe dataused for MS-Project in stegith that in the
central database
— to run perfectly, the planning process (described by planning procedures) folistvMed precisely,
otherwise the project planning control system will be totally inefficient

Solution no. 4 everyone uses MS-Project including collaborating institutions and contractors.

@ — MS-Project is very affordable: $ 695 and can run either on PCs and Macs
— Ease of use of MS-Project with the consequence of reduced training requirements
— MS-Project is the most widely available planning software, many sub-contractors have it already

@ — the central planning database cannot (yet) be Oracle, although links to Oracle are possible
— sharing a Project file over a local network is slow and requires well-configured computers (Pentium
66 or PowerPC with 64 Mb RAM as a minimum)
— to run perfectly, the planning process (described by planning procedures) folistved precisely,
otherwise the project planning control system will be totally inefficient

Solution no. 5 planning for LHC is contracted out.

@ — staff at CERN may be reduced

@ — an expensive option that would fieid for fromthe material budget, without any of the cdstilen
in the personnel budget
— success in previous projects relied on the free flow of information between technical groups, planners
and managers that would be inhibited if the planning group were based outside CERN.
loss of ownership of plans and of control over the project.

4.3. Conclusions

The use of sophisticated planning software (database orientated, offering technigqiesrikede-férduring
the installation phase is required to achieve the planning prgoats Forthe design and procurement
phases, such software is not necessary.

A shortlook at the evolution of planningpftware and operating systems overléstfew years leads to the
following observations:

» the duration between new versions is becoming shorter, 2% years between MS-Project versions 2.0 and 3.0,
and 1% years between versions 4.0 and 95

» the longevity of majomproducts isdependent to the number of tamers, we carbelieve that with
thousands of customers, affordable software such as MS-Project, Scitor G&86.’sorComputer
Associates’ SuperProjeutill still on the market andupported within 5 or 1§ears. P/Xclaimed 70
customers in their bid.
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» the tendencyor affordable software thave as much functionality as sophisticated packages: according to
Microsoft, Project’95will fully support Oracle; we camaginethat futureversions (ormdd-on products)
will support thechemin-de-femethod and efficient progress monitoring.

There is a large gain, for little effort, for plannersttie technicagroups, external collaborators and
contractors, in using a simple tool simply, and little extra gain and much effort in using a cowiplexs in
the interests oéveryone to involve as mapyoject members as possible in the planpirggess. Thisvill be
easier if the tool chosen to help them is not itself a barrier to be overcome.

The specificatiorthatlead to the purchase BfX wasbased on the workingractises thagrew upfor LEP
andembodied ilPOL. The LHC project igifferent in three significant ways. Thechnology required is not

yet completely known so there igesearch andevelopment component, the funding is considerédheer,

and the fair return policy has a great impact on the organisation of contracted-out workiimia #irece POL

was written to plan LEP, planning practises and user expectations of software and computer hardware have all
changed.

The definition of a planningrocess for LHGillows us to reconsider the requirements of the toesled to
support that process. Not surprisinghe tool chosen in the light of thew project,new planningpractises,
new software expectations and new hardware, is different from that chosen as a replacement for POL.

Forthefirst part ofthe projecithat is, untilthe construction and installation begins) it is possiblietmuple
each work package from the next. Each technical griupake theirown plans.Now the planning process
provides the co-ordination between groups rather than the planning tool. Withmegdfog a single network
containing many thousandstafks,the constraints on thahoice of tool becomiess restrictive. NOWCERN
canchoose a todhat is easy to use, cheap to bwithout maintenance charges and with very little training
cost. This tool is Microsoft Project.

During the installation phase the requirememnesomewhat different: there more links between the work
of the technical groups and a greateed touse codekeld in Oracle databases. Thusje years into the
project the choice of tool wilheed to be reconsidered — wgay need something morpowerful than
Microsoft Project. But for the majority of the project (at least) we can benefit from using Microsoft Project.

MS-Project runs on both PC alhthc computers. Versiod.0 isavailable for both and has similar facilities.
To support both PC and Macintoslil mean maintaining twaets of toolsThis will take resources away
from implementing the requirements of feject management, financial controllers, planning co-ordinators
and technical planners.

Microsoft Project is the preferred software, and #@ is the preferred hardware, for planning LHG.

5. Defining the planning process

This paper describesphilosophy; it is not detailed enough touse as a procedure. TREnning Process
Quality Assurance Manual(QAM) to be published will describe, in detail, these areas:

* WABS issuing and actualising

* Master Schedule issuing and actualising

» Co-ordination Schedule issuing and actualising

» Detailed Schedule issuing and updating

* Note of Associated Conditions issuing

» Document & Schedule numbering/registering and List of applicable Schedules
» Time Progress monitoring and Progress Mark-up Schedule issuing

» Physical Progress monitoring

* Progress Reporting
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In particular,the QAMwill specify theuse and limits of use of the planning software through each stage of
the project. After testing the software niight prove necessary to slightly change the planning system to
match the facilities available.

5.1. Pilot projects

There is the opportunity of testing the managersentip and its associated tools duthgLHC first phase
(until Mid 1998) using the in-house prototype assembly and the related sub-components sighalidd. ot
be missed.

Detailed plangor Civil Engineering worksire alreadyinderway and may be used to hedfineand test the
planning process.

5.2. Action Plan

Before people magtart work, the planning process and planning tools must be ready, and of course, the
people who will make the plans appointed and trained. The mastavilblae ready by thend ofSeptember,
the PBS and ABS ready by the end of October, the WBS ready by the end of November.
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Appendix 1

WBS construction

The following procedure describes in detail how to construct the WBS:

l. define the level ofletail for eachaxis ofthe WBS matrix andmplement a preliminaryVBS with
project management and cost estimators

Il. complete and validate the preliminary WBS (with technical groups)
Il issue a preliminary list of work units, and for each of them:

A. estimate cost (with cost estimators), labour and resources (with technical groups)
B. make a preliminargstimate of its duration arspecify whichmaster schedulask to
which it belongs
C. listthe required input, foexample materials and informati@pecifythe deliverables
— intermediate and end results
D. identify who  responsible fothe workunit andconstruct alinear responsibility
chartthat shows these responsibilities.
E. list any suppliers or sub-contractors who will be involved
V. collect this information tanake theLHC project activitycatalogue— a sample collection form has
been appended to this paper
V. review the activity catalogue as follows (with technical groups):
A. check interdependencies betweeork units, and subdivide each intaskswhich
reflect these interdependencies
B. split up long lead work units to remain relatively short in time span
C. estimate the minimum durati¢or number ofhours of labour) and resources required

to accomplish each aésk; ensure that precedenetationshipsare specifiedfor all
immediate predecessor activities and events

D. if necessary, review the cost and resources needed
VI. review the WBS once again (with technical groups) when the co-ordination schedules are available.
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Appendix 2

Sample AVork Unit Data Sheet»

Hadon AN Work Unit Data Sheet®
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"c © to be filled according to theHC Project
o 8 8 Planning & Scheduling QAM:hap. ##.
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