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ABSTRACT

The linking of time control and cost control isgo an integrated Project
Contwol systam, for uwse on large mining projests in Angle Americgn has
been sought Eor some years. Thiz raport outlines how this was dong at
Vaal Reefs Gold Mivw for use in new shafv Binking projecta.

By using the exfating cost control system, C.2.X.§, and a strategic IBM
product APELICATION SYSIEX (AS), modules werts developed and fntroduced
vhereby the detailed schedule (network) could be costed from the approved
estimate viz C.P.1.§.

The most importsnt outpuis from the new system are S-gurves for both the
physical progress sud espenditure which sre produced Erom mow to project
completion L.e., they have a prediceive sbllivy.

The report deseribes the buckgrousd for the kesd For such a system; the
selection of the pyatem, the system itsedf and Aineludss throughiout
related capital coattol aspécta which are to be uned on the new project.
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1.

ANTRODUCTION

1.1

-

SYHOPSIS

Vaal Reefs Exploration and Mining Company Limited is managed by the
Anglo American Group. The mine 18 pregently counducting feasibility
studies on the viability of exploiting areas adjacent to the
present lease area. Two areas have heen identified as having
economic potential. If these new shaft projects :come to fruition
they will be very large, deep, complex systems ‘and consequently
will be characterised by two aspects which to date have proved very
difficult to control ~ high capital coat and long comstruction time
prior to production stirt-up, The South Afrigen Gold Mining
Indugtry has a vreputaztion of creating technically excellent
projects, which in the last 15 years or 8o, have overrun both

budgets and time schedules.

To date, the capital egpenditure involved in all Angls American
projects, has been "controlled” using s system called CPIS (Capital
Project Information Systeam). In the past with technically simpler,
lower cost, shorter projects, this very sophisticated accounting
tool has proved adequate. Time contral has mainly been done using

& system called K and H,

For projects much as thoseé counlemplated at Vaal Reefs, the cost sud
time control systems presently in use have the following wmajor

disadvantages:-

[€9] GPIS Ls basically an hiskorical accounting system,
excellent for producing flnancial statements and Board
documents with no predictive ability.




{44) The K and K system permite the development of time based plars only
and the monitoring of actual versus planned times. There i3 no
1ink between CPIS (coat) and K and H (time), nor could onme be
established as CPIS costs are historical and K and H activities are
futurdstic. -

A nesd for a system linking time and cost has in broad terms been
accepted By Anglo Ameyican and it has been accepted that such 4 system
will be required to gontrol the projects envisaged at Vaal Reefs, To the
best of the author's knowledge no successful proven syatem capable of
fulfiling Vaal Reefs' requirements has keen introduced to the South
African Gold Mining Industry. (Anglo American has tried in the past to
introduce systems with very limited succesy),

The only es which have 11y and widely used,

iutegrsved syatems axe the Americaa Aerospace Industry and the American
Petrochemical Industry. Thelr systems are extremely complex. A few
South African Project Management companles use gystems which can comtxol
Telatively small simpls comstruction projects.

This report is a record of the project run at Vaal Reefs, by the author,
to implement an integrated time and cost confrol system to be used on the
posaible new shaft projects, namely the Goedgenoeg project and the Moab
project (Vaal Reefs No's 10 and 11 Shafts respectively).

It was origiaally plauned to implement a syetem by April 1986, However,
Gue to a late start and technicsl difficulties this was chapged to mid -
1986, This date was met and gurrently the system i3 being used on one of
these projects and will shortly be inkroduced on the cother, as well as
all major, say + R5 million, projects on the Vaal Reafs complex.
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report is structured around the real situation insofar as it records
the managemeat philosophy required, the present comtrol systems used aud
therefore the need for an Integrated system, through to the selection of
such as a system and the implementation and running of it.

At Vaal Reefé this 1s reganded as a major breskrhrough in the field of
capital control and it 1s highly likely that Anglo American's Gold

Division (if not other divisionms as well) will adopt the system.

The Project Team formed to implement a system were :

J G Donaid (Chaitman} -~ . Production Manager

P Povall - Project Services Gg-Ordinater
I vao der Merwe - Cost Accountant

L Jacobs - Assistant Cost Accountant

J smit - System Analyst (Infogold)

S Pearson - System Contreller

G V Ruthman - System Controller

PROJECT MANAGEMENY PHILOSQPHY

1.2.1

Concepts

A project ls any number of tasks. required to be carried
out, iz a complex pattern, im oxder to achieve a ONE-OFF
GOAL. A new shaft pruject 1is very complex fa that it draws
ou a wide variety of skills.

Project is the dinaticn of T for
the successful execution of a project from inception to

production,




For a new shaft project these phases are :

Inception

Feasibility

(Approval)

Engineering aad Deaign
Procurement :
Construction awl shaft sinking
Commissioaing

Initial operations

Project mansgement comsists of the activities required to
produce & final project, timeously, within the -expected
cost and with the required reliability amd schievemeat
potential.

The Project Oycle

There 18 & more or less an established format for the
succession of tasks for the development and successful
completion of a project; this 1s known as the project
cycle. These tasks and their duration have definite
financial implications. For this redson, before any steps
in the execution of the project should be undertaken, an
overall nmaster plan must be drawn up, amd a detailed
programme for the implementation of the plan, and methods
for ithe control of the progress, cost and time varlables of
the projects must alse be developed.
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. Project plansing consists of four phases :

Project Planuing

The aspect that probably has the most far reaching
consequences f£of the project im the scope, detail and
vealism of project plans. Experlence has taught us that
most problems that develop in the course of & project can
be traced back to faulty plasming im schediling, budgeting,
provieion for costingencies, prediction ' and project
simulation,  planning for changea, composition of the
organisation, fimancial planning and  planning  for
information £low.

The successful plaoning of the project depends ou twe
1 project principles ¢

1. 'All work gan be planned and controlled.

2. The wore difficult it 3s to plan work, the  more
essential it is that the work should be planned.

(a) The anmalysis of the project fato work unies or tasks
and the composition of the projact organisation

structure.

{b) The determination of the aseaquence of tasks at all
stages of the project. (Network planning) -

Drawing up of the master programme schedule, (Bar
chart)
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(d) Cost and resource targets for the series of perlods
the project 1s to cover. (Budgeting)

Project Implementation

The implementation of a shaft ginking project is the
physical execution of the project, which.cdn be divided
into two principal sctivities, namely the Engineéring and
Degign stage and the Construction and Shaft Sinking stage.

Cost and Time Control

1.2.5.1 Time Comtrol

In order to acd nilsh \*t\he project tasks
iles must be drawn
* project it will be

efficiently, plans & - ac

up.” During the coursé ..
necessary to replan and’rechedule to accomnodate
unexpected Progress, delays and  technical
conditions.

The aim is to plan the executlon of the programme
go that the cost and time required to complete
the project are properly “balémced, - With régard
to the control Eunction, one 1s concerned with
avaitorisg aemd expenditurs of time and money in
carrying out the scheduled programme as well as
the vesulting "product” quallty of performance.

For this reason it 1m necessary to mondtor daily
and weekly progress on site and evaluate the
regults against the plamned programme network of
execution. Each activity muat be analysed and the

' ¥ * .
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actual varistions determined. The effect of
individual variations on the eritical path in the
coustruction programse must be determined and
problen ateas flagged.

In addition to 1ts value in awonitoring physicel
progress and wakiug it possible to .take action on
poer progreéss, «e & means of optimising the
time-cost relatiomship, the programme critical
path oetwork provides a powerful vehicle for the
control of costs throughout the cdurse of the
projast.

The project will be controlled by checking off
progress against the schedule and aanalysing the
effects of delays.

Targets in controlling physical progress are as
follows

(a) Accurate aud timeous information ou actual

progress.

(b) Periedic comparisotis between actual progress
and planped progress.

(e¢) Delays are evaluated and possible delays
identified and short-circuited.

(d) Gorrective -action 48 taken agaiost poor

progreea.
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(e) Critical activities are idesrified and

intensively monitored.

(£) Tlmeous design inflow is cosured and design
variations that would bave en adverse cffect
on progress with conmstructlon are eliminated
or minimised.

influence -1y - exeréised by

touch with construction

alternative

() A
keeping 1n close

motivating
activities and proposing
construction methods.

(h) It is ensured that disciplinary consultants

(Quality controllers) caxry out inspections
so that
work can be approved ur rejected timeously;
and the effect on the proy-amme minimised.

at  effectively frequent Intervals

Qost Control

The wmost 4mportant objective in this control
function i8 to assure thar we will remain within

the project budget in executiag the project.

The major objectives of a cost control system are

and periodically to
final
between actual and
provide an  efflclent
potential cost overrung.

te control ongoing costs

foracast of project costs.
estimared

tdentifying

provide a
Variance sosts

meats  of

3



Coat~status reports should identify cost overruna
in time Eor corrective actica, To do this they
must be accurate, timeous, sufficilently detailed
&and concisely organised.

The control system should also serve as an
indicator of any cost problem 4aress during the
executlon of the praoject, These “waraings"” should
be apalysed timeously and corrective adjustments
made. The steps in & cost control system are as
followa ¢

{a) 'the primary budget for the project is drawn

up. .

(b) Fipal tender values are evaluated on the
basis of the primary budget.

(e} The £inal project budget is pegged; the
fipal countract value i1a built in, as are
risk-celctilated amounts that included design
changes, claims and escalation costs.

{d

The supply of a cogt statement as well as a
projection of the fipal project cost.

1.2.5.3 Cost and Time Ceutrok

In the past the main concern Llu project control
was to ensure that the project wae completed on
time. Howaver the cost and time implications of a
project can be comsidered simultaneously hécause

e et




Cost~status reporta should identify cost overtuns

in time for corrective action. To do this they
must be accurate, timeous, sufficiently detailed
and concisely orgaulsed.

The conkrol system should also serve as an
indicator of any cost problem areas during the
execution of the project. These "warnings" should
be analysed timeously and corrective adjustments
made. The steps in a cost conlrol system are as
followa ¢

{a) The primary budget for the project is drawn

up. .

(b) ¥Fimal tender values are evaliated on the
basis of the primary budget.

{e) The f£inal project budget is pegged; the
flnal contract value 1s bullt in, as are
risk~caleulated amounts that included design
changes, claims and escalation costs.

{d.

The supply of & cost statement as well as &
projection of the final project cost.

1.2.5.3 Cost and Time Control

%

In the past the main coacern iu project control
was to ensure that the project was completed on
time. However the cost and time implications of a

%

project can be considered simultaneoualy because

&% 6 666 6




\
!
i

4 8 & @

& 66 6 & &

b 6 o 8

s

L]

chey have a common denominator i.e. the network
struccure of the activitles required to complete

the project.

Tying.costs to the project schedule enables us to
generate an invaluable tool ~ the estimated net
cash flow.

The objectives of an integrated control system

are @

- to provide a direct liok between the time and

cost aspects.

- to provide an overall . programme which
optimises expenditures of  time, recogaises
cost implications and reflects contractusl

obiigations.

- te provide uniformity in reporting of all
activities.

- to provide an early warning system of
deviations from the approved plamn (cost and
time) and to minimise their effect by
reacheduling:

- to minimise projact risks.

An advantage of wusing an integrated gystem
compared with conventional stand-alone systems is
that iaformation 1z only entered once, and used by
all sub-systems with consequent uniformity of data
uged. Summary reporting is always done on the
same cut-off date and bime for all sub-systems,
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CONTRQI. SYSTEMS CURRENTLY IN USk

2.1

CAPITAL EXPENDILTURE GONYROL

2.1

Capiral Code

The capital tode is a "master” code and forms the basis
from which all project codes within the Anglo American

group are generated.

A project code is the common thread limking the various
control systams withiez a project. It identifies and
classifies all covts inmcurred in the execution of capital
projects. It p d a naistent for
facllities, equipment, materials, services, etc. as well as

drawings, documents and correspondence.

The .code is structured ifu such a way that it enables
project work ta be identified at all levels right down to
commodity/activity (job) Level.

This inherant dekail availability allows project work to be
coded to sult the level of control required by project

managewents

In genaral two nteps must be taken when coding:~

=~ the elament to be coded must be clearly defined

~ & get of numbers whose definition watches that of the
element must be selected from the code.
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The code i& t - ‘oumon reference in the following areasi-

~ Estimating, .udgeting and forecasting

~ Evaluation o. -expenditure fncluding reporting

auditing
~  Plaoning and progreny control
~  Procurement
-  Drawing clagsification
~  Filing of documents and corredpondance
~  Praject snalysis.

and

The code consiats of 18 digirs which are structured in such
& panner that the vardous project sub-divisions can be

identified.

The 18 digits of the code are arvanged as follows:

1.:2!3 567 8 9 10 11 1213 1 15|16 17 18
PROJECT PHASE | ESTIMATE NO. JOB HO. ITEH NO. FLAG SPARE
NUMBER PATILITY:

2.1.2 Definitions

When preparing to code any particular cost elemeat within a
project one must Eirst decide on the uniture of the cost
elément and its relacdionshdp to the project as & whole. A

project is sub-divided into its component pacte.

Each sub-division from Phase through to Flag progresaively,
tdentifies 1n greater detall a smaller part of the project,
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Project

A project is a complete scheme or programge for the
creation, improvement, or expanslon of facilities add
amenities which necesaitates capital expenditure,

Example: A new shaft system

Phase

When a project is divided sequentially into a number of
sub-divisions or atages, these stages are called 'phases'.
A project may be phased to suit, for example the financing
method, the split in management responsibilities or the
plant build-ép to full production. A phase may also
indicate rthe status of a section of a project {i,e.

approved oF unapproved).

Example: Phase 3 = work to be dome in 1986

Estimate

The estimate 1s the primary breakdown of & project or
project phase by process step or facility, In this context

a facllicy is defined as a major physleal work arvea,

Example: Electrical Reticulation

S
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Job

The job is the secondary project breskdown and represents
an activity/commodity, Xt is used for the classification
and identification of all equipnent, materials,
(commodities) labour, gervices (activities) and indirect

costs normally encountered in project work. It provides a
wmore detailed breakdowa of the ‘'estimate' coatrol levels
permitting more effective control of =ell activities,
commodities and services iavolved in the project.

Example: Power Cables ~ above 1 00OV

Item

The item is the tertisry project breakdown and sub-divides
an activity/commodity {job) iato its varlous elements for
control purposes.

Example: 600 m of 95 en’ x 3 core cable 1L kV

Flag

The f£lag is the final breakdown and fdentifies the type of
element cost which makes up the total cost of & project
(i.e, material cost, labour cost, frelght charges, ete).
Example: Material cost - copper

CPIS

QPIS 1is the common abbreviation for “CAPITAL PROJECTS
INFORMATION SYSTEHM".
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CPIS iz the data base from which reports and mchedules ¢an
be drawn. These are ncw in a set format which has not been

altered for three yoars,

The overall structure of the poseible outputs from this
date base are set out in figure 1, The five main branches

of this stricture are :

1.
2.
3.
4
5.

I

Capital status reports

Boazd decuments

Foracast

Supplier's sub-system report's
Escalation sub-system

Capital status reports, are by far the most widely used
of the reports amd for "comtrol” purposes by far the
moet important. This branch 1s brokem into thrae

gub~sections viz,,

1. Ledger
2. Moathly summaries
3. 'A' and 'B' schedules

These sub-gectlons are described in detatll in figures

2, 3, and 4,

Quarterly Teport/Board documents are split batween top

amanfgement reports asd Board reports, This is
desaribed in figure 5.

Foracast is broken into sub-sectioms in figure 6. (It
should be noted that this forecast is a "thumb suck"
rands only figure 1p no way connected to any plan or
schedule).




4, Supplier's sub-aystems ure described in figure 7.

-

Escalation sub-gystem 1§ described in figure 8,

NOTE

Bafore the introduction of A4S, S-curves were for a
ghort time drawn by hand Ffor another large project,
nawely the No, 9 Shaft project. An example of this
econtrol report ia shown In Figuze 9.

2,2 TIME (PROGRESS) CONTROL

2,2.1  Isptroduction

AllL majer capital projects in Anglo American are plamned
and -controlled using setivity on arrow aetwork techniques
and the K and H CEM cotiputer programme.

The essence of the planning and control 1s od & scale whick
embraces the entire project which implies an overall plan
of all the various activities from -feaslbility studies
‘ threugh design, procurement, construction and commissioning,

The planning is done id two lavers, viz:

& & 5 & 656 6 6 53 00 6848605 & 50 e s




FIGURE 2.1

OVERALL, STRUCTURE OF CP1S REPORTS
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FIGURE 2.2

CAPITAL STATUS REPORTS : LEDGER

! H
% C.P.1.S DATA BASE I
._...__._._.T_'.__ﬁ___-—-

. 1

I LEDGER-GETALLED AT ITEM LEVEL |

T
L

Description of project, phase
estimate, job and item. Fore-
cast start/finish dates for
cash flow

I

Contracts placed inciuding
work commenced on mine charges

R
|

Variances between authorised
and final estimated cost

T
i

Estimated balance of
expenditure to completion

T
|

|
I Items still to be committed 1

T
|

| Total expenditure to date
T i

| ‘
Expenditure in current : i ]
month / year i

T :

Summary at estimate level of
expenditure analysis, overall

___performance, mine charges

|

| Claimed and reversed escalation,
changes in scope
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FIGURE 2.3

CAPITAL &ZATUS REPORTS ,
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CAPTTAL STATUS REPORTS :

|
I: C.P.1.5 DATA BASE l|
R
]
|

'R AND '8 ORbER SCHEDULES
SCHEDULES

!
1
|

Code number sequence report
‘A" showing contracts placed
per estimate

I
|
i

Order number sequence report
'8' showing total contracts
placed in order sequence

RN

T
|
]

Description of project, phase,
estimte, job, order number
due date

T
|
i

Description and value of
contract, amount ratsed to
date, outstanding commitmént

T
|
I

o

These reports are also
avaflable by discipiine {.e.
civils, architecturals etc.

Wb b WD

£

FIGURE 2.4

A & B SCHEDULES




FIGURE 2.5

QUARTERLY REPORT : BOARD DOCUMENTS
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SUPPLIER'S SUB-SYSTEMS
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FIGURE 2.8

ESCALATION SUB-SYSTEM
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HAND-DRIWN _S-CURVE __ FIGURE 2.9
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a) First layer

b,

At the atart of the puoject & master networh ;1s
prepared showing all techaical areas and important
milestones throughont the project life cycle. Ususlly
the critical path calculations afe done mauuaily and a
bar chart is drawn up for presentation to project
mapagensnt.,

Second layer

This consists of a number of networks each containing a
large number of &ctivities. The development of these
networks are related to the master network -and cover
all phases of the project and show all activities at 4
lavel which can identify:

i}  Completion of general arraugemest drawings
41)  Procurement of major items of equipment
411)  Awarding of contracts
iv)  Civil, structural, mechanical and electrical
engineering
v) Provision aod iastallatlon of services.

The detailed logle put imto this plam is to a levél
which can be controlled by project management.

(Very limited use is made of the rescurce plauning
facility, as practically all nenufacturing ~ and
econgrruction work is done by contractors, hence placing
this responsibility on them.)




a)

L)

d)

Monitorisg

At set time periods, normally - weekly, the planner must
monitor the progress of the pian by discussing with the
participants, and on-site inspections and must recozrd:

Activities completed.

Activitlies in progress to establish the estimated times (at
time now) to complete the activity.

Activities not srarted which, due to later informatiocm
avallable, may need duraticn re-estimating.

Any Jogic changes required o keep the plan up to.date.

This information must te checked by the planmer against the
last. schedule produced. Ia the cage of straight timing he
analyses the monitoring Ziafotmation agalnst the .float
available of the activities affected, . If logic changep ave
necessary and the activities on the critical path. are
increased in duration, the planner must then prepare new
input data and arrange for an updated computer run in order
that the latest ppsition of the project can be reported.

Project Status Report

The planner must present {normally wmonthly) a project
statug report. This is prepared from an analysis of the
CPM print-out and the network loglc in respect Gf the
eritical and sub-critical activities, and the position of
all activities with start times as at the run date. The
report 18 bagsed on the planner’s analysis




g

and the evaluation of progress in the various areas of
responsibility, and problems encountered, For examble, foxr
design the report will cover the work and drawings that are
required to neet bath engquiry dates and

fabrication/construction  priorities. Where  drawings
restrain progress on extended design befng carried out by
other sectinns or outside consultants, these restraints
must be, highlighted in the report,

In the case of eziuipment procurement, reporting is done on
expected long deliveries of equipment in order ‘that
eaquiries or orders can be placed before they become
erigical and fo establich, the Briority delivery of
equipuent to site. i

¥ 5

Where fabrication is concersed, the report will show the
priority of shop detailing and fabricatlon of steelwork or
equipmént ©  supplied Wy the  coatfactor, including
difficulties experienced, if any, on steelwork delliveries
and shortfalls of tosnage output or delays.

333”})0.00000"‘0“#

L]
) . The progress on construction sites will be reported with
) P particular to contractors' y d.e.
labour, crainage, concrete batching facilities, etc, where
S5 L] guch resources may affect progress.
d
{ 2.2.2 X aund H Programpe
4 @ .
e The programme was developed in 1962 and was the first
F- programme to be offered with resource schedulfug
- o capabilities, It was run on an IBM 1620 computer. The !
e
L]
L]
iy ) il
]
[ L {
. '
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programme was designed to enable the user to process data
through the computer with a minimum of input instructioms;
for example, on ome ilaput card for each. acitivity, the

plamnner can enter the followingt~

1) The activity number.

2) Duration.

3) Respoasibllity codes.

4) Desciption with sort facilities,

5) MPB*  (Time Before) which means that an activity
caxrying this instruction can start at a specified time
before the completion of the preceding activity.

6) "TA" (Time After) this meand that this activity ends at
a specified time after the start of the succeeding
activity.

7) Activity cest.

8) Resources.

The complete programme cam be rua om IBM, ICT, Uunlvac or

€DC computers.

A plotter programme 1s available to plot network logle,
either for a total network or selected positiouns of the

network requiring redrawilng.

Laah B ey ek

L.



The rights of the programme for Southern Africa have beez
held by Anglo American since 1968, and it is loaded om
their Johannesburg, Welkom, Zambia and Zimbabwe
computera and it 1s alsc run by CSSL on a bureau basis.

London,

This gives duglo & common system of project plasaing

control,

It is also of interest to note that the programme was
selected by the following major users of CEM in Southern
Africai-

Roberts Codstruction
South African Navy

CSIR Defence

Atomic Energy, Pelindaba
Iscor

AE & OI

Shell.

As with other programmes, the user can specify the reports
to sulk this particular Angle have
twenty-elght at present whi.h meet the needs of the various

requirements.

types of piojects with whick they deal.

Network Beructure

The system {8 designed to process "i, 1" or activity on
arrow networks as opposed to "precedence” or activity on

mode networks. .




RN

R EENEE

)

2R P &0 0802

[P

Event numbers are five digit numeric ranging from 0 ~ 99999
and the network ¢an be numbered randomly or séquentially.

The maln points regarding the network construction are:

a)- All activities which can ptart, are started: unlimlted
Tesources are agsumed,
k) Each activity must have s pumber at the head and tail.

60 70

¢} No two activiries in a cetwork can have the same

aumbers,
d) Dummy activities can be usad to preserve logic,
Time Aualysis

Critical Path Plamuing would be done after the network is
constructed, The main points of this technique are:

1) Add durations of actlvities,

2) Calculate earliest eveat times forward through the
diagram, £rom the first eveat using the greatest
(latest) of the c..ice of times.

3) Galeulate latest event times backward through the
diagram fzom the last event(s), using the smallest
(earliest) of the chofce of tinmes.




4) Calculate carliest activity dates.
5) Calculate latest activity dates.
6) Caleulate total float.
{= wpsr¢ time when preceeding jobs Ffinish as early as
possible and following jobs start as late as possible).
7) Galculate fLree float,
(= spure time when all jobs in chain start as early as
posaible).
8) Xdentify the critical activitles.,
These have i-
a)  zero total float
PY b)  earliest and latest event times at head and tail
. ideatical
o S ¢)  differerce between head and tall figures equal to
- - duration.
. L]
, i 9) The chain (or parallel chains) of eritical activitles
> vom the beglnning to the end cf the sgram 1s the
N a from the begl he end of the di i th
L) CGRITICAL PATH.
a .
[
e i
SN
1 L)
“l o : !
o |
° o
£ ) 5 J
.4 4
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2.2.6

Resource Analyses

Most capital projects are time limited and hence the
resource avallsbilities specified must hbe able to he
exceeded in order to meet the target ead date, i.,e. the
programme identiffes these as “exceedable resources”,

also  be dable" e.g.

Resqurces can
craipage.
Variable level resources can also be specified.

Reports Available

Both 1lilstings and bar charta are produced from the same
prograpme, Any combination of the following parameters can

be printed against each sctivity:

Duration

Deseription and Codes

Transic Times

Barllest and lete start and Eidish
Total, free and independant float
Event numbers, targets and slacka
Schedule start and finlsh
Remaining Float

Remaining Free Float

Schedule and total delsy
Regources

Reaource cosk

Material cost .

Total activity cost

Cumulative cost

Al) the results can be calendar dated time units or both.

A A




Bar lines can be of any chardcters required (e.g.)

E showing the earliest start

e+s  between the earliest and schedule start
xxx  for the activity duration

cec  for the sativity duration if critical
-—  between the schedule and latest finish
L showing the late finish

Tables, histograms and curves can also be printed of any of
the following result types:

Resource br cost aggregation

Resource availabilities

Resource remalning (availability - aggregation)
Cumulative costs for resources, materials, or total.

¥ro mrde
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3.

PROBLEMS AND REQUIREMENTS RELATED 70 AN INTEGRATED TIME AND COST GONTROL,

SYSTEM.

31

PROBLEMS IN NETWORK BASED COST CONTROL

Although the concept of cost contxol based on the project network
is pot difficult, the design and implementation $f a practical cost
control uystem is not easlly accomplished. The fundamental
problems facing us as systems designexs could be classified as

followsi~
(1) those relaled to organisational conflicts, and
[¢3] thoga related to the necessary efficiency of the system.

The basic organisational problem is the confiict between the
project approach of network cost control and the fundawental
of cost. d used in the working cost

situation on the wine. This fundamental approack hes also up wntil
now been used to “control" all capital ezpenditure aud indeed is
still used for all projects at Vaal Reefs other thai the two new
ghaft projects ie, Moab dnd Goedgenoeg. The conflict was manifest
particulariy in the design of the inpur and output phases of the
network control systems. The input to the system required the
development of as activity accounting procedure by which actual
expenditure dats must be coded to provide an association with
activities (or groups of activities) in the project netwoxrk, The
output from the syatem likewise must also be project-orientated to
provide project summary reports, owxganised by time perioeds, areas
of respomsibility, and technical subdivislons of the praject.
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The efficiency of the gystem was a problem becsuse a
network-orientated- system lends itself tu wmajor increases in the
amount of detail available to management. One of the major
objectives when deslgning the system waas to achieve the level of
detall required by Project Management for control purposés.
Project personnel would find routine input data very burdenscme
utless specdal attention 4is pald to .reducing requirements and
simplifying procedures, Similar dangera lie in the data processing
and output phases of the system which can become very costly im an
inteTactive system. The usa of precedence dlagramaing, which can
reduce the number of network activities by 350 perceant of wmore,

offers some promise hevre.
3.1.1  ACTIVITY ACCOUNTING.

Sasic CPM/PERT eystems galaed acceptance rapidly because
the critical path concept filled a generally recognised
need for improved formal procedures for project plamaiag
and scheduling, In the cost codtrol area however, formal
accounting procedures were established long before the
introduction of CEM/PERT. Thus ome of the greatest
obstacles to the use of network-based cost control has been
the difficulty of developing & network=baséed systen
compatible with rhe established accounting system (CPIS).

Accounting eystems (such as CPIS) have been designed to
plan budgets and repert expenditures both by organisational
unit and by project, The emphasis i on ait's account, in
as much as the objectives of the accounting system are
summaries of expenditures by the functional elemenis of the
oxganisation. The purpose of the network approach on the
other hand, is to provide more detalled information and
coutrol withiu the project.

ol u e ot
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Cogt data, like time data, must be applied to project
activities, The budgeting and recording of expenses both
by cost item and by network activity clearly requires a
N glahorate system. Not only are there more codes and

figures to deal with, but there are many typlcal guestions
developed in the application of cost data to a project
network.

For exu.pie i- .

1. Cranmey are purchased for use in aeveral activities in
the project. Should their costs be assigied entirely
to the purchasing activity, .when t expenditure
sctually occurs, 6 should it be allocated over the
activities lavolving their use?

2, What code, Lf any, should be assignmed to the curing of
conerete?  Approval of drawings?, Negotiation of 4
sub-contract? ) ;

Should overheads be included or only direet casts? If
overheads dre included are they computed the szme way
for all activities? i

'

w

4, How should the costs of project management be shown?
as activities or overheada?

These questions ardse because basic time-oxientated
networks and the project estimatea represent cwo different
sets of data. Although these sets largely overlap, many
elements of the project which involve coats have not

3,

b

» L
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been shown in the network. This iz particularly true of
nanagement and overhead costs, Certain other activities
involve no direct costs but consume time and perhaps should
account for & portion of the indirect costs, The varidis
answers to these questions which have been worked out will
be dealt with later after a review of the higtory of
network-based cost control snd en understanding of the
concepts of work breskdown structure (WBS) and work
packages is given im Sectiom 3.3.

SYSTEM REQUIREMENTS

The following requirements wers formulated at & two-day workshop
held at Vaal Reefs for that putpose. A multi-disciplined tesm was

formed to assigt in the preparation of thesé requirements,

One vory obvious point emerged eéarly at the workshop, pamely,
having established the drawbacks of the existing systems this dig
not assist much in reaching an agreement ou the requirements of a

new control system.

Bventually the following “compromised” requirements.were agreed on
and given to the Project Tesa as a blueprint, to assist the cholce
of the new control system, and to form the ground fules of the naw
aystem.

The following requirements were sumarised by Povail (1) :

3.2.1 Top Management Reporting

o




3.2.1.1 QOviginal and Current Estimated losts

The origlnal cost of all reporting levels (job,
estimate, project) must be “held” and readily
comparible with the current estimated cost at all
times, For rapid identification this can be
displayed in 'S’ curve format, and be also
available in tabulation form,
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FIGURE 3,1

Comparison of original and curfent estimated costs.




3.2.1.2 Progress on Expenditure versus Plammed

Planned expemditure muat be derived, by costing of
the planoed activities, over any given time, and
be avallable at job, estimate and project levels.

The attual expenditure must be drawn cumulatively
from the CPIS files, and guch comparisons can be
displayed in 'S’ curve format and/or tabulated.

-

FIGURE 3.2
Progress on expenditure versus planfed
3.2.1.3 pPhysical Milcetone Reporting

Plonned physical progress wust be derived from the
CPM network over amy given time, snd be available

at job, estimate and project levels.
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The actual physical progress wust be derived from an
on-site assessment of the varlous activitles, which in
a cumulative from, such comparison can be displayed in
's' curve format. )
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_FIGURE 3.3

Physical milestone reporting lcost and time)

3.2.1.4 Bcope Change Reporting

This is not really a function of the system, but
an accurate history must ke maintained, subject to
submission and approval of the required. forms.
Such information must be retained withinm the CPIS
ledgexr for Idemtification, and the reasors
therefore obtained from the scope change £ilé,




3.2,2

)

Project Mansgement and Control

3.2.2,1 planned Cagh Flow and Actual to Date

Plaaned cash flow must be derived by a costing of
the planned activities, over any given time, and
be avallable at job, estinate and project levels.

The actusl expenditure to date must be drawn
cumulatively from the CPIS files, and such
comparisons can be displayed In 'S' curve format
and/or tabulated.

The original cash flow projected must be "held"
for comparison with actual, and also a projection
made to completion, based on istest plan and Final
cost estimate of activities.

FIGURE 3.4

Planned cash flow and actual to date
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3.2.2.2 Progress agajnst Schedule and Cost at completion
and ta Date

Both the origimal planned physical progress and
cost projections must bYe “held” against which
progress ta daté can be iweasured, and also
compared - against the projected at completiom im
both cases.

This can be displayed in 'S’ curve format w=-d/or
© tabulated.

FIGURE 3+5 -
Progress against schedule and tost at completion and t6 date

3,2,2.3 Dewnign List with Dates

This must be available from the CPM network within
the system to provide a shopplug list indicating
at  which time deslgn should comhance and be
complete.

e




3.2.2.4 Procurement iist

This must be available from the CPM network within
the system to provide a shopping list indicatingi~

- the dates by which tender emquiry must be
effected and returned.

- the dates by which time orders should have been
placed.

-~ the dates by which time delivery should k>~
effected. v

3.,2.2,5 Progress on Deliveries

This s presently available as & sub system to
CPIS.
Such reports can be drawn to indlcakei~

~ gupplier loading, - and the amount curreatly:

outatanding on prders placed with  individual
suppliers, Two totals glve the total amount of
orders placed with the supplier, and the net
rotsl ameunt curpently outstanding,

=~ the ptatug of orders placed withi a supplier but
not yet delivered, for which each outstanding
otder 18 reported separately.




~ procurement full order report reflecting all
orders placed with suppliers,

= procurements raview report reflecting thé
orders that are to be reviewed to emsurs that
the supplier e not falliag behind in acheduled
dates for delivery or supply. The length of
the teview period can be varied frow a default
of six (6) weeks, and for which each order
under review is reported separately,

= reguisition reglster vreport vreflesting all
itens which confaln a requisition number, aud
raport ail requisitions which  have been
submitted, but for which no orders have bern
pluced, based on a time lag greator than gix
(6) weeks.

3598 6000000000080

3.2.2,6 Expediting Payments on Delivery Items

A procurement status report must be avallable amil
allow the actusl date of delivery to be flagged if
no payment s indfcated against the item after a
default of six (6) wecka.

3.2,2.7 Commitments and Paywments

This 1s presantly available in CPYS at item, job
estimate and project lavels, [t 48 also avallable
on orders only via the 'A' and 'B' schedules,

%
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3.2.2.8

3.2,2.9

3.2.2.10

Commitments and corresponding payments must &iso
be drawn from the CPIS files cumulatively, and
such comparisons mist be displayed ia 'S' curve
format and/or tabulated,

Epcalation at Estimate Level

This exlsts within the CPIS escalation programme,
but mugt be made available at estimate level.
Management Services advise that CPIS "escslation
will form Phase 2 of development, .

Integration of Contractor's Plan into Master Plas,
Thie must be available via the CPM network within

the ©new system, allowlug such contractors
programmesa to be incorporated.

Resource Scheduiing

The aystem wmust have full ability in resource
scheduling, and be capable ofi~

- dpdicating the effects on the overall projects
should 'a critleal activity be extended ox
reduced,

=~ reporting how long each activity can be delayed
without delaying the entire project, in the
event that the project be required ro be
completed by a specific date.




- portraying what resource levels are needed ‘to
complete the project on time, and the cost of
the resources required. It mest also highlight
any extension 1n project =time should the
resources availability be limited, and also
which xesdurces are responsible and where the
delay oceurs, should the project be delayed as
& result of reacurce shoxtages.

=~ indicating the ‘consequénces should the duratfon
of any activities change from thelr original
estimate; 6r Lf the jobs could be dome in u
different order with regard to resources.

i

indicating the percentage completisa a3 any
glven activity and the amount of time remaining.

1

indicating the -overall c¢onsequences to the job,
estimate or project with regard to resources.

Full graphic display must be available.

3.2,2.11 Exception Reporting

The system must have full ability in this area and
allow exception reports to be desigied in  any
required format.

3,2.2,12 Integrakion with CPIS

The gystem must be totally compatible with CPIS
and capable of drawing information from CPIS.

L
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3.2,2,13 Project Reimbursable Reporting

The engineering costs are required to be estimated
ynder estimates 9982 (AAC relmburssbles), 9983
(mine and regional project management costs) anrd
9984 (external project management costs), As such
thé same prineiple ag previously appllied is
applicable, 1.e. progress on expenditure vs.
planned, progress against schedule and cost at
completion and to date, etc., must be displayed in
st curve format and/or tabulated.

3.2,3 Financial Requirements

3.2.3.1 Costrols

Audit Trails: Full audit trails are
avaiisble within CPIS: these
must £low into AS.
v
Edit Listing: Full edlt 3ifsting wust be
available with all updates.
E
Transaction counts: These must indicate total -
trassactions effected and the *
numbar aceepted and/or
rejected,
Error suspense The system must not accept
faclility: errora  and  must  requive 5
re~gubmisglon.
o
B
p 4
o ¢ . ‘ E ] | v b/

o

N P VRN D IR TR YU T SO |



e0 606 o

3.2,3.2 procedures

Errors rejection
routines:

Recovery routines:

Security routines:

Training material
and support:

The system muat have fuil
rejection routine.
The gvstem must maintain
historical £iles.

The system nRuat be fully
secured.

This must be avalldble
within Infogold.

3.2,3.3 Integration with Famis

The ‘system must be compatible with the following

existing systems in operation at Vaal Reefs.

White Payroll
Black Payroll
Hatcon

Hurds
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HISTORICAL DEVELOPMENT OF TIME AND COST CONTROL SYSTEMS

The idea of collecting costs on the basis of ne work
diagram activities was recognised very early as a potential
wmeans of improving project cost control. A few manual and
computer programmes were developed by individual CPM and
PERT users in the early 1960's. In 1962, a major hoost to
the interest in network-based cost control. was provided by
agencies of thé U.S., Government. The Department of Defense
and the National Aevonautics and Space Administration
jolntly issued & manual eatitled DOD and NASA Guide,
PERT/Cost Systems Design 2), which emphasized the ' cost
control aspects of “PERT-type systems."” Several companies
and  dgenelgs in the aerospace " fileld had already been
working Wlth' ¥a¢ious PERT cost procedures and computer
programs, but the DOD and NASA Guide served to formalize
the interest of the government and thus to inititate active

development of the the
industry. By mid-1963, the use of PERT/cost procedures had
become & requiremeat im certain military ‘research and

development projects.

One of the key features of PERT/Cost is the utilization of
a "Work Breakdown Structure" (WBS) to show the hierachy, or
levele, of taska within a project, and the definition of
“work packages"” at the lower or basic level of work. The
DOD-NASA Guide déscribed theee concepts as followst
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“End. Item Subdivisions: The development of the .work
breakdown structure begins at the highest level,of..the
progrswie with the identification of project ead 1items
(haxdware, serviges, equipment, or facilities)..  The major
end items uze thes div;@eg into their component parts

(e.g.; systems, subsysfens, ), .and: the

parts arve furcher divided and suldivided into: were, detalled
units. . The subdivision of the work bisskdodh cobtinues to
successively lower levels, . reducing the. dollax value and
complexity of the units at each level, until it reaches the
level where the end item subdivisions finally become
macageable units for plamning and control purposes; The
end item subdivisions sppearing st this level in the work
breakdown structure are -then diyided imte major work
packages (eig., engineering, manufacturing, teating);"

The DOD~NASA Guide suggested that the basic work packages
might be formed by the same individual activities, or
groups of activities, used in the PERT/CEM network.

The specification of network activities as the basic cost
control unit was widely misinterpretéd as meaning that
indfvfdual network scrivities should always comprise work
packagna.. ‘This created numerois problems with respect to
the acceptance of PERT/Cost. There waa belated recognition
of the-fact that it was often impractical for contractors
to budget and report costs by PERT/CPM network activities,
as J R Fox’?, a nember of the original PERT/Coat
development team, notea:
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“... the deaign group intended to make clesr that the
work breakdown structure, not the network, was the
baals for cost planning and comtrel. In retrospect
this was far from clear. Confusion arose because mamy
defense contractors as well as other jovernment
agencles were developing  their own versious of
PERT/Costs Several of these versions called for the
use ‘of PERT networks in the budgeting and reporting of
costs by npetwork activities; a Tequirement that
resylted 1in the collection of vast amounts of very
detailed cost iafcroatioen.

By 1964 more than ten variatious of PERT/Cost existed
throughout DOD aud NASA, most. of which called for
costing of PERT network activitdes and the submission
of detatled cost ‘infoimatiof’ on & monthly basis.
Contractors recogniséd the impracticality of these
systems and created thelr own PERT/Cost groups td
prepaxe rZeports for DOD.  These groups . operated
geparately from management teams responsible for the
actual planning, scheduling, budgeting and’measurement

of praograw performance.

Goveroment auditors decided that PERT/Cost groups were
a legitimate overhead expense that could be charged to
the govi Many ¥ idered PERT/Cost

as the basis for negotiating higher overhead rates. ...
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Because of the confusion and resistamce of PERT/Cost
throughout the defense industry, the Alr Force, in 1964,
developed simplified standards by which & contractor's
internal cost management system could be measured before
the company could qualify f£or defemse ~work.  These
specifications contalned some essential elements of the
original PERT/Cost system, including’ the WBS comcept, but
did not include detailed reporting of coat information from
PERT/OPM network activities.

The simplified criteria developed by the Air Force iu 1964
were subsequently developed inte an improved set of
criteria. These ctiterla retalned the advantagss of some
of the essential elements of PERT/Cost, and yet also

reflected current industry practice. As Fox ) notes:

“It became clear from the PERT/cost pilof .5t that
cost planning aud control could be baged om 87 .system
that was used on most large commercialfdevelopment snd
production programi: This cast information could be
baged on a WBS rhat subdivided the program or project
according “to the manner in which work responsibility
was assigned. Project work was traced down through
several levels of work definition to the point ‘where

short-term work packages could be identified
basis for planning and controlling manpower.
Budgets were than established for each short-term work
package. Coats were estimated at every level of *the
WBS, to arrive at a total cost estimate for the program
ot project.
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As a contractor began a development program, actual
man-hours and costs were assigned to the work
packages. As work was completed the contractors could
compare ¢gtimates of cost for short-iarm work packages
with the actual wman-hours and cost required to
accomplish. the work, Thus the contractor would keep 2
copatant check on whether work was costing more or less
than was estimated,”

In line with Fox's observation, the subsequent DOD Gulde
) sonrinued the WBS philosophy of the earlier DOD-NASA
Guide, and commented on work packages as follows:

A& work package 1s simply « lower level task or job
assigament. "Work package” Is the term used to ideatify
discrete tasks which have geiinable end results. A work
package has the following characteristics’

1., It represents the unita of work at levels where work is

performed, -

2. It 1s clearly distinguished from all other work
packages.

3, It is assignable to a single organisational element.

4. It has scheduled start and complete dates.

w

It has a budget of assigned value expressed in terws of

rands, man-hours or other measurable units, ] i
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6, 1Itg duration 15 limited to a relatively short span of
time, or it iz subdivided by discrete value milestones
vo fasilitate the objective measurement of work

porformed.

. 7. It is  integrated  with detailed  angtheering,

manufacturing or other schedules.

In an attempt to increase the flexiBility of its cost
accounting reguirewents the Guide included pew provisions
for estzblighment of “cost accounts” and clarified the
establishment of = ¢rganizational  responsbilities  for
elements of the WBS, As the Guide “ states:

“The lowest level at which functlonsl responsibility
for individual WBS elements exlats, actual costs gre
accumulated and i ds

is referved to as the cost account lavel. While it is
usually located immediately a_bove the work package
level, cost accounts may be located at higher lavel
vwhen 1s congonance with the contractor's method of

management .

In addition to its function as a focal polint for
eollecting costs, Lhe cost account in a performance
measurement system 18 also the lowest level in the
gtructure st which comparisons of actual direct costs
te  budgered costs are required, although some
contractors also collect costs and make comparisons at

the work package level.




While the WBS defines and organizes the work to be
performed, the contractor's organizational structure
reflects the way the contractor has organized the
people who will accomplish the work., To aasign work
respongibility to appropriate organizational elements,
the WBS and organizational structura mugt be
interrclated with each other., This imterrelationship
may be svisualized as a mstrix with the funetioual
organisstiva element Iidsted on oné axis and the
applicable WBS elements listed on the other. Purther
subdivision of the effort iuvy, work packages nay be
accomplished by asslgaflng work toc: nperating units.

The WBS cotcept with lts associated F£laxibility ia
provisions for establishing work packages and cest
accounts, represent a practical  compromise in the
concept of activity accounting for business
arganizations, particularly in the aerospace industry.
The approach should be applicable in many industries

where network-based cost control is desired.

In the conatruction industry, for example, the lowest
level work packages may be ddentical or muearly
identical to the bid iteme in the project. In some
cases the work package would be represented on- the
network by a single activity; +in most .un:ég it would
be comprised of a group of activities withidn 8 division
of the project, such as the concreté work for the first
floor of a building. The specific work organisation
and cost accounta eatablished would naturally vary with

the type of project, areas of tesponsibiliiy of the
foreman and superintendents, the capabilities of the
cost accounting system, and ather factors related to &
the particular company and ite projecta.”
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4.  SELECTION OF THE SYSTRM

4.1

INTRODUCEION

An investigation, collated by Bester, ) was done into avallable

sed project systems, with the objective of
recommending the best eystem for tse on the Moab and Goedgénceg
Three systems were investigated, viz. GC/CUE;, AS and

projects.
GIPREC.

GC/CUS "and CIPREC were assessed by analysis of the systen
functions, demonstrations and experience of previéus users, whersas
AS wan tested on the Vaal Reefs West Divislon Slimes Dam profect.
The main reason for déing this was to test Interfacing with the
CPIS Finsneial Control system. )

A fourth system ARTEMIS was alao examined but only ot an informal
basis after the selection of the AS system.

GC/CUE 1s the system whith has beem chosen by Anglo American Head
0ffice Project Services personnel. It' is currently being tried on
several projects with véry limited success.

Again a multi-disglplined teem was formed to conduct this
isvestigation which took dpproximately six weeks from inception of
the team to acceptance of the final recommendation.
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4.2

4,2.1

@

FINDINGS

Introduction

All three systems address the project planning and contxol
functions ~comprehensively, GC/CUR and CIPREC are very
simflar in what they - offer, AS 1s somewhat less
sophisticated, mainly in the resource scheduling arves, but
meets all the foreseen requireaments.

None of the three systems have a financial module which ia
scceptable to the sudltors and will thevefore have to be
used in conjunction with GPIS, The possibillty exists thac
GIFREC could be enhanced to address this problem and thus

replace CPLS in the longer term. A far more detailed-

investigation will however be required to confirm this.
The iaterface batween CPIS and AS has been developed for

extracting data £rom CPIS.
Equipment
A5 and CIPREC run om IBM equipmgnt and would use the data

communications network cyrrently in operation. GC/CUE runs
ard equipment and would require a

on Prime or Hewldtt s

Beparate network.

Intarfaces

Interfaces betwean existing Iofogold systems and elther AS
or OIPREC would be ralatively ewssy., As menkioned the
CPIS/AS interface bhas already been developed, A similar
tnterface with GC/CUE would be very difficult sod costly.




4.2.4  Acquisition Costs

4e2.5.

4.2.4.1 Ag/cPIs

4u2,4.2

4.2.4.3

Most of the work required to inatall AS has been
done at Vaal Reefs and only terminals at the
access points ate required, A3 1¢. an inatalled
system and there 1s'né money payable to the vendor.

CIPREC i
GIPREG would require the same ter | as AS.
The purchase price of the dystsm 7. .:* {000 with

a omonthly maintenance: chargé “ue 43 000. ‘In
additton, ‘the installatidp of the system will cost
+ R25 000. o -

Ge/euE

GC/CUE would require . PRIME terminals and a
communication network - te # Johaunesburg. . Any
communication with Infogold: Welkom “*rhmputets will
require additfonal = petworks ar ;ince:faces.
Further investigation iwill be requifed to assess
costs for this ares.

Operating Costs

Operating costs are likely te bé similar for all these

syatems,

Testing of the A8 syttem did not indicate any

significantly high costa.
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4,3,1 Adventages

a)
b)

a)
b)

e}
d)
e
4,3.1,3 AS
a)
b)
Q)

4)
e)

£)
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4,3 COMPARTSONS OF THE SYSTEMS

4.3,1.1 GC/CUE

It 18 a saphisticated project management fool.
The software 1s alrveady installed and paid
for by Anglo American.

4,3.1.2 CIPREC

It is a sophisticated project management tool,
The possibility of echancing its financlal
module to replace CPIS axists.

It uses standaxd IBM equipment.,

It uses current network,

Interfaces with other systems will =zet
present & problem.

It 4s a good project panagement tool,
although less sophisticated than GC/CUE aud
BLEREC.

It runs on standard IBM equipment.

It uses curreak network,

It has been thoroughly tested at Vaal Reefa.
Interfaces with other systems will not
pregent & problem. CPIS interfaces have
already been developed.

Software has been installed and paid f£ox.




4.3.2

Disadvantages

4.3,2,1 Go/CuR

4.3.2.2

4.3.2,3

a) Its financial wodule is umacceptable to the
' Vaal Reefs internal auditors,

b) Honm standard equipment will nreate network
snd interface problems,

)  Commurlcation with 84 equipment is
problematic,

d)  Depending on configuration and siting, very
high equipment coats could be involved.

2) Lt requires a separate network.

£)  Infogeld may be vequired to duplicate
existing functions to look after Prime
equipment.

CLEREC

a)  Its financial module i3 not acceptable to the
Vaal Reefs fntarnal auditors.

) It has not been tasted by AAG.

¢) Software has to be bought at a one~time cost
Gf R112 000 plus RJ 000 per month maintenance.

d)  Irs installacion cost would be R25 000,

@) Development of intarfaces with GPIS will cost
between R60 000 and R120 000,

AS

a)  No financidl module.
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4.4

4.4,1 Requirements

REQUIREMENTS AND MAJOR OPERATING CRITERIA OF THE SYSTEMS

GC/CUE | CPIS/AS | CIPREC

1. Commpunication with CPIS and the integration No YES YES
and interaction with aub systems (viz. storeas:
and suppiiers).

2. Ability to produce corporate Yeports (Board NO YES o
Documents).

3. Pinaocial integrity and ability to conform No YES No
to couventionsl company audit trail comntrols
in respect of capital ledgers.

4. Retentioa of cme system in lieu of dual NO/YES YES/NO YES/NO
gystems operating in parallel, and the
probabiliry of additlonal staffing arising
from this. (Duplicated data capture
requirements),

5. Maintaining current expertise of all present NO YES NO
system usera.

6. Immediate back-up support available iu-house.|  NO vEs w0

7. Maiotain investment inr current hardware and NG YES YES
ayscen vaers.

V\ o " &
’ = -t

5

o oo

3



®5 58900000006 0cCc000O0CES O

')

YY)

4.4  REQUIREMENTS AND MAJOR OPERATING CRITERIA OF THE SYSTEMS

4.4.1  Requirements

aystem users.

GC/CUE | GPIS/AS | GIPREC
1. Communtcarion with CPIS and the integrafion No YES YES
and intsraction with sub systems {vilz. stores
and. suppliers).
2. Ability to preduce corporate reports (Board No YES o
Documents),
3. Finanelal incegrity and ability to conform No YES No
to conventional company audit trail controls
in respect of capital ledgers,
4. Retention of ope systes in lieun of dual HO/YES YES/NG | YES/NO
systems operating in parallel, and the i
probability of additional staffing arising |
£rom this. (Duplicated data capture
requirements).
5. Maintaining current expertise of all present No YES { No
system users. |
6. Immediate back-up support available in-house.| MO YES wo
7. Maintain investment in current hardware and No YES YES

s o



GC/CUE CPIS/4S | GIPREC
8. Adequate resources available to operate No No N
system,
9. Full and e trainiag . TOTAL PART TOTAL
4.4.2  Major Operating Criteria
GC/CUE CPIS/AS | CIPREC
1. To operate as a dynamie, professional and YES Yiig YES
iateractive project management contTol
system.
2. To derermine the effect on the overall YES YES YES
project 1f a eritical activity (that is an
' activity within the critical path with no A
floatr) is extended, or reduced, for any
length of time.
3. To indicate how loug each activity can be YES YES YES
delayed, without affecting the entire
project, should the project be requirved to
be completed by a specific date (plug date).
4, To determine how loug the project will take YES YES YES

to complete and when can each individual

activity be expected to start and finish,
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T
GC/CUE | CPIS/AS | CIPREC

To indlcate resource levels needed to YES YES YE§
complete the project on time and the
resultant cost of resources actually used.
To determine how long the project will be
extended 1f the resource availability is
limited - and in the event of the project

being delayed as & result of resource

shortages, indicate which resources sre

responsible and where the delay occurs.
To detegmine the effect should the duration LAl YES YES
of any activity from its original estimate, | .
or 4f the jobs were done in a diffecent )

ordex, and the resource consequences,

Based on prevalling cost and time levels of YES YES YES

information produce & tremd analysis to Duplicate Duplicate

eatabliah a realistic projection to Data Data
completion, in 'S’ curve format, at & given |Capture Capture
level and period of time indicate i-

~ planned phyaical progress including

actual to date and projection to

completion. 2
~ planned cash f£low iacluding to date and

projection to completicn.
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1
GC/CUE | CPIS/AS | CIPREC

- actual commitment to date.
- variance from target, if eny.

To indicate percentage completion of any YES YES YES

)

given activity, and report at any given
level, including balance of time avsilable.

Complete Flexibility within iategrated YES YES YES

)

system, and no incumbency on a “one-on-one”
type of relationship. Hultiple network
activities may be accommodated by one cost
item, or multiple cost items may be
accommodated by one aetwork activity.
10. Stand alone project management system, YES YES {ES
Financial Financdal
Module not C Module not

le A ble

* A5 has the capability of drawlag data from

CPIS and of meeting all requirements - but

does not drive it. It is entirely feasible
to develop facilities for updacing from
AS to CPIS, subject to maintalning financial )

data integrity, and for which a micro will

be avallable in September 1986,
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schedules.

12, To provide suppliers loading, procurements
status and review, requisition register and

averdue reports including follow up

Vi N 5. i L
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GG/CUE | CPIS/AS { CIPREG
11, Recording of escalation. YES YES YES

|
T
|
H
|
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4.5.1

4.3 RECOMMEENDATIONS AND SELECTION

Considering the findings of the fnvestigation discussed above, - the
project tesm recommended that Vaal Reefs use the AS/CPIS system for
the Moab and Goadgenoeg projects.

Althaugh GC/CUE is a very sophisticated project management
rool, it 1s not recomnended because of its incompatidility
wich the Gold Divislan computer system architecture. To
develop {nterfaces with the existing systems will be
complicated and costly, To use it as a total stand alone
system will require duplication of all financlal data

capture.

CIPREC is equivalent to GC/CUE from a sophissication point
ef view and s compatible with the Gold Division system
architecturae., However, I question whethler the degree of
sophisticatlan 1is required.




The recommendation is that Vaal Reefs regard CIPREC as a
possible long term potential system should we want to go
more sophisticated in project management and xeplace CPIS
with the CIPREC financlal module.

IBM have assured us that it will be very easy to convert a
project which is runaing on AS to run on CIFREC.

At a presentation glven to the Vaal Reefs Executive
Committee g the find and dations the

decision to introduce AS to the Moab and Goedgenceg
projects was made.
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5. IBM AS PROJECT CONTROL SYSTEM

Sl

AS OVERVIEW

Application System (AS) 6) 45 an tnforsation processing system
which &8 currently available on a number of host systems as
serviced From IBM Dats Centre Services. It 1s an integrated set of
facilftien, providing an information processing system that couples
acceny to data with user requests

It provides tha following facilities t-

- Data manegement .
- Information rétrieval

- Formal vepartihg

- Text processing

- Project coutrol

- Statistica

- Business planning

- Buaineas graphics

It provides faeilities Ffor the collection and retrieval of
information and offers a range bf presentation methods including
formal reports, tabulations and graphical displays. AS also
incorporates techniques for complex analysis, business planning and
various management Sclence applications,

Its operation is controlled by English-like commands,  Most
commands can be bullt up by answering questions poaed by AS,
consequently few rules need to be remembered,

Vigval display units (VDUs) axe linked to a maiuframe (in our case
a IBM - situdted in ('elkom at Infogold),
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A AS is an interagtive system Instructions are processed and the
rgsults transmitted back to the same termimal.

The objectlve of ull AS processes is to provide information, It
follows therefore that &t i1s essential to establish the
requirements for thesme first.

Access to AS is contrelled by varioug identification codes and
passwords. There are a number of connections to be observed when
entering commands ' and data, but exror repoxtisg and correction
facilizies are available.

Dats Madsgement ¢ These facilities fall into 3 categorles i=

{a) The housekeeping aspects such as defining
files, entering informatfion and correcting
data.

(b} The peaipulative Ffunctions which permit the
exedtion of nmew Ltems. 2

(e

A facility known as the Data Dictionary which
enables user-deffned formats, coluon and e
values to be set for each item of data.

Having a single copy of basic data and sharing with other users
keeps information consistent.

Information Retrieval : Often only one or two key information ;
items are required. Retrieval facilities 3
ioclude DBrowsing, Query, Display, and
Avnalysis which are self-explanatory.




Formal Reporting s Reports given to executives must be
clear, concise, accurate and timely. AS
provides the capability for information
retrieval with pre-defined reports, and
allows Eor reports to be desigoed with
the detall and layout nueeded. its
definition can be stored far future use,

Lext Processing : AS allews all or selected parts of its
basic data to be shared i.e, other users
can recoive and display the information
you want them to see, It can also
prepare  business  correspondence  and

" company reports.

Project Control ¢ Will be discussed in section 5,2.
Sktatistics i The Bystem can calculate basic

deseriptive staristics, such as :- sample
size, wuinimum, meximum, wmeam, nedium,
mode, standard deviation, skewness, It
ean  also provide staristical analysis
such as i~ corrections, regressious,
discounted cash flows, variables, etc.,
and  forecasts from historical data =
linear trend, curve Fitting ete.

Businass Planning t  Pinancial and business planning ean
includé¢ budgetdng, cash planning, market

projections ard manpower allocations,
Testing changes in forecasts or other
assumptions can be dome for gtrategy
avaluations, Optimisation exercilsss can
be done.

i
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Business Graphics AS can produce -
iine plots
Ple charta .
' Histograms

Surface charts
Polax (radar) charts
Scatter diagrama

Graphics are often the best way of
displaying trends, proportiona and
consolidations and can highlight
out~¢f-line sltuations. '

5.2 PROJECT GONTROL
5.2.1 Network Analysis

The new shaft projects we shall be dealing wikth conaist
of a very large complex of individual jobs. These jobs
must be defined 1,e. they must have clearly defiaed
start and finish points and & durdation of time that
thay will take to be performed,

A network is a diagram which represents the individual
jobs in a project and thelr relationshipa to each b
othar., It shows the order in which jobs could be 2
pecformed assuming there are no restrictions ot the use
of rasources, 5




There are two weys in which networks are conventilonally
drawn. One is called an arrow network and the other is
called a precedence network.

AS can process both arrow and precedence networks. As
Arrow networks were deacribed in some detail in section
2.2 deseribing to the K and H system, precedence
networks (which were in fact chosen as tba Vaal Reefs
AS network gystem) are briefly cutlined below.

In precedence notation esch activity, or work item, is
repregented by a box: Inside the box is written the
work item number, ite description, duration snd other

associated 1on The 88  betwzen
different work items are shown by arrows drawn between

the boxes, for example:

¢ depends on A and B
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B and C depend on A

£ and D each depend on A and B

The relationships shown in the above dlagrams are
called Pimish to Start relationships, since they lead
from the finish of one work itém to the start of the
next, They provide the logical comstraint that the
second work item cannot start until the first one has
finished.

Other types of relationship are possible. 1f work item
8 1s dependeat on work item &, it could be comstrained
in any of the following ways :




o B cannot start until A has finished (Fialsh to
Stare),

© B camnot start until A has started (Start to
Start),

o B camnot finish until A has finished (Finish to
Finish),

o B cannot finish unitl A has started (Start to

Finish),

The different relatiocnship types are drawn by starting
the arrow at. either the beginning or end -of the box
representing the first work item, and ending the arrow
at either the beginning or end of the box representing

the dependent work item :

Finish

to Start

Start | Finigh :
E ves H to Pinish :
to Start : 1 b
;  Start to :
Y Fintsh Y

- . et o Han ks g
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The Finish to Start relationship is by far the most
commonly required, but the other types can be useful in
certain situations. For example, part of a project may
involve laying a long dralmage pipe underground. The
three tasks of 1) .digging the ditch, 2) laying the
pipe, and 3) £illing the ditch, must obviously be dome
4n that ordex, but. there is no need to wait until the
entire length of the ditch is dug before starting to
lay the pipe., Similarly, one. cap begin to re-fill the
ditch as soon as the part of the pipe is lald, without
walting until it is all finished.

These three activities would therefore be better limked
by Start to Start relationships than by Finish to Start
relationships :

Dig Ditch

TS XTI

Lay pipe

W saened

Pull ditch

- - . e e B Ry & sk .
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The usé of the Start to Start relationghips fa the
pipe-laying project prevents the nustwerk  implying
ugrealistic delays before the subsequent activities can
be performed, some delay is required, to allow for a
sufficient length of ditch to be dug before any pipe 1s
laid, and to allow for a sufficlent length of plpe to
be laid before the ditch is re-filled. Without any
delay the tareé groups of workmen could all be crowded
around the same small lefigth of ditch, resulting in
chaos, not progress.

A time delay, or lag, 'cai  be applled to any
relationship, of whatever type. The lag xepreseats a
mininua amount of time that gust elapse before the
dependent work item can begin (or end, i£ it is a Start
to Finish ox Finish to Finish relatiomship).

Lags are a comvenlent way of representing spans 6f time
which would otherwise requiré to be shown as séparate
work items, even thaugh they are mot tasks which have
to be worked. GCoumon examples of the use of lags sre
for guch delays as waiting for paint to dry, of the
lead time between ordering an item and its delivety,

The process of analysing a network is the same for both
arrow and precedence networks, If the logical paths
from one activity to the next from the beginning of the
project through to the end, are traced, adding up the
durations (and lags) as it Is done, then the greatest
of all the path durations represents the total time the
project will rake to complete, assuming that every
activity s performed as soon as logically possible.
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The patk {or paths) with the longest duration is kmown ag
the critical path. Any activity which lies on the critical
path wmust be carefully monitored, sidce any delay or
increase in the duration of that activity will lengthen the
critical path and hence the time taken for the project as a

whole, .
Activities which lle on the criticel path are called
critical - sctivitiess A somewhat wider definition of
critical activities; which includes activities from other
paths, is often moxe useful in practice, singe the tendency
1s for attention to be concentrated ou the erditical
activities to the exclusion of the others.

If the date when the first activity in the project will
gtart is known, then as the paths of the network are traced

adding up the durations, the starting dates of each
activity in the path can be calculated, Since the
durations are koown, the estimated finish dates ceza also he
calculated. 7
by
Whon all the paths have been. traced through the natwork, :
dates for every activity will be known. These are knmown as
the early dates since they represemt the earliest times at ?gf
which each activity can be performed. Individually they
are referred to as the Early Start and Early Fimieh dates A
for the activity, » i
Activities which do not lie on the critical path could be
delayed without necessarily affecting the botal time taken i t
by the project. The lateat time at which they could be ! '
)
¥ I
L
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performed is found by starting at the emd of the project
and tracing the paths backwards to their starts,
subtracting the durationa {and lags), in a similar way to
the mathod Gsed for calculating the early dates, If the
£ipish date at the end of the critical path is the starting
point, it can be caloulated for each activity ;he latest
date by which it must be completed in order to achieve the
overall project finish date. The dates arrived at by
processing the network is réverse are called the late dates
of the actlvities, specifically, the Late Finisgh and the
Late Start dates.

The difference between the early dates of an activity and
its late dates 1s known as the Total Float of the
astivity, The total float represents the amount by which
the activity, taken in laolation, could be delayed without
affecting Che total project duxation. Activities oo the
critical path will not have suy Eloat.. So far only the
analysis of the network in terms of the time constraints ® \
imposed by the logical order of the activities within the

network has be discussed. This 'timwe anslysis' forms the 3 )
fundamental baéls of the critical peth technique, and for gl ]
many projects provides sufficlent Information for & 5
controller to manage the project. e
Howaver, since time analysis provides both an early start o

and a late start for each activity the project manager has
to decide on an actual start comewhere between these
limits, It %8 likely that his declsion will be based on
the availability of the resurces required by the activity.
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Suppoge that two activitles have the same early start and
the same flost, but that’ there are only enough resoutces
avallable to start one of them, The other will have to be
delayed until resources become available., It may be that
the second activity will have to wait until the £irst ome
has finished. By this time the early start of the sedond
activity will have been passed, and may even hdve gone
beyond its late start (that s, used up all 1ts float), and
thus the overall duration of the project will be ipcreased.

The Project Manager is now faced with three cholces :
«  Let the project be delayed
~ Obtain more resources

= Modify the network logic to allow ome activity to start

sooner

The third choice will probably be unacceptable as the logic
of most metworks is fixed. The cholce between the Eirst
two alternatives is usually fairly easy, In many projects
the number or Fesources available is fixed, expecially if
the vessurces are people with specific skillss The only
alternative is to delay the project.

In other types of projects it may be all-important to
complete by a certaln target date. In this case more
resources will have to be made available. This is an
accepted practice in large new shaft projects as production
start-up dates are normally critical to the viability of
the project.




Newcomers to the field often find precedence notation
easier to understand, since it seems more logical to
vepresent activities as boxes, with arrows connecting
them to indicate the logic, rather than representing
activities as arrows. Precedence notation aldo haa
greater capability whea It comes to describing logical
relationships which are not of the simple 'finish to
start' kind.

AS has the facility to comvert 4 network prepared im
arrow notation to precedence format.

The maximui size of network. that can be pricessed is
5000 activities for axrrow networks, and 7500 activities
for For there
is alse a lmit of 7500 relitionships; 4in practice
there will be more relationships than activities,

The maximum number of predecessors or successors for
any one activity ia 255 of each, For arrew networks
this means that no more than 355 activities way lead
into or out of a single mnode, and for precedence
networks no sctivity can have more than 255

relationships leading te it er coming from it.

Precedence networks can use any of the four
relationship types:

- F§ - Finish to Start I
- §8 -~ Start to Start

- FF - Finish to Finish
- SF - Start to Pinish .

. P
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Unless specified otherwise, all relationships are assumed
to be PS - finish to start,

Timeé Analysis

In its simplest forw, a time analyais of a network will
calculate the early and late dates for each activity, using
the estimated durations and the logical relationships to
determine which activities can be done when.

A starting point ls necessary before the analysis can
commence : -this 18 normally defined by specifying a date
Eor each of the start activities.  The dates for subsequent
activities can then be calculated, !

it is powsible to impose additional date constraints upon
certain activities, which should ovarride, or in some way
affect the dates which would otherwise be calculated,

The dakte conatrainta discussed below are those which are
applied to activities in the future, Once the project has
atarted and activitlaes have been completad you will wish to
specify when,they actusily happened. Actusl dates, and s
other methods ot recording progress, are.described later in R V
thig chapter, under Progress Reporting, sectdon 5.2.4 ’

The system plovides several different ways in which
additional date constraints to particular activikies can be

appliad. Thase are ¢
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- Earliest start dates

- Latest finieh dates .
-  Mandatory start and finish dates

~  Timenow

= Maximum float values

An earliest gtart daté acts ag a constraint om the early
start date of an dctivity. It pravents the early start
from ocaurring before the date specifled.

A latesr findsh date constralng the late finish of an
aetivity, - It will not be allowed to oceur after the dsie
specified.

A mandatory start date or a mandatory finish date for an
activity may be specified, They represent two alternative
ways of saying the same thing -~ that the activity must
occur at a fixed point in time, regardless of the dates
calculated for the preceeding the succeeding activities.
Mandatory dates fix both the early and the late dates of sn
activity, but will be overridden by any actual dates that
are provided for in-progress or completed activities.
Mandatory dates sxe useful for key activities when it is
known in advance that these must happen at & cértain time -
the rest of the project must bend to schieve these dates.

A 'timenow' faeility is available. This 1s sizply a device
to indicate the current date, o the checkpolni date at
which you are re-analysing your network, The timenow date
is used as the earliest date at which any activity can
start, aseuming it has not started already,
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This means that the system will not caleulate an early
gtart date sometime in the past when it bas been told that
the earliest possible start date is today.

4 timenow date has the effect of an earliest start date
appiled thoughout the network. It will not affect the
dates of activities which have already finished, or which
have & wmandatory date applied. It will override auy
specdfied earliest start dates for unstarted activities
unless they occur later than the timenow date, Activitles
which have started but are not yet finished will have
whatever portion that remains to be done treated as if 4t
were a separate, as yet unstarted, activity, The early
start of this sub-activity will be set to the timenow date,
assuming the logie of the network does not comstrain it o
ady later date.

An activity in the npetwork may be only very loosely
connected to the rest of the project and can be performed
within a very large time span without affecting the project
Finigh date. As a result it will be given early and late
dates which are far apart, im other words, a high float
value.

For couvenience a maximum float value for an activity may
be specified, @o that it will sppear to be more critfeal
than it really is. This can be useful when reports are
glven to the people respousible For performing the activity
= activities with a lot of float tend to be left till
last; with a very high f£loat they might be forgotten
altogether.
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Liniting the float for am activiry does not affzct the
calculation of its early dates, but slaply prevents the
late dates from falling too far into the future.

Resource Allocation

The stendard time analysls process may be extended to
include resource allocation. This tachnique determines
schedule date for each activity based on the quantities of
the tesources used by the setivity and the total quantities
available for the project. The schedule dates are based on
the early dates from the time analysis and are adjusted
where uecessary to ensure that the activity is scheduled at
a time when sufficlent Tesources Will be avatlable. Where
several activities are competing for the same resources,
the resources will be allocated to those which
eritical to the timely completion af the project.
important activities will bde delayed until the
are freed by the completion of earlier activitles.

are most
The less

resources

AS permits resource allocation to be performed in two-basie

modes fixed resource scheduling and fixed time

scheduling.,

Pixed resource schedulis > weans that the activities will be
scheduled that the availability levels :of the
resoutces will never be exceeded, and that ag a result the
overall project duration may have to extend beyond the late
Finish date calculated by the time analysis process.

such
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Fixed time scheduling means that although every att2mpt
will be made to keep the resource usage .below the
availability levels, a0 activities will be allowed. to
suffer a delay-greater than their total float. In other
words, & resoukce shortage will cause an activity to be
delayed until the resource becomes availabl., but as soon
as the delayed start reaches the activity's late start the
activity will be schedulad, Tegardless of the availlability
at that time. Thus the overall projest schedule will atay
within the late span determined by the time analysis, . but
there may be occasions where the resource availability
levels are exceeded, iadicating that additicasl resources
will need to be found if the projeet is to be .completed
within its target. ‘

Two types of resource may be defized. They ave knows as

caxried-forvard and used-up Fesources.

Carried-forward resources are those which can be used by
more than one activity. When ose activity has finished
with them they become available for another activity to
uge. Typical examples of carried~forward resources are men

and pachines.

The requirements of carried-forward resources are specifled
2s an amount per day {or per time perlod) - the quantity
specified is asgumed to be needed for each day of the
activity.

Used-up resources cen only be used once. When they have
been used by ome activity they are no longer avallablz for
any other activity, Typlcal examples are momey ox
construction materials such as bricks and cement.
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The requirements for used-up resources are specified as a

total amount,

The resource requirement of each activity may be defined in
terms of the quantities of each differenc' regource It
uses, A maximum of 30 differeat resources may be defined
in a single projecr.

Two classes of resource may be defined {n the system :

a]

Control resources, whose availability (or lack of) is
used to deteraine the schedule dates of the activities,
b) Aggregate resources, whose availiability is irrelevanmt
o the scheduling process, but For which information is
st11l required as to how many will be needed, and whem.

Before the system, can perform a resource allocacion it
needs to know which rescurces are involved and what the
availability levels are for those resources vhich are to
control the scheduling, The resource levels can be defised
for each resoutce, and can be made to vary durlng the life

of the project.

A common problem with wmany resource allocation systems
(like K and H), is that omce an activity has been aseigned
a schedule start date it is assumed that it will proceed
uninterrupted uantil it is completed. AS does not make this
asgumption, Thi¢ means that & nos-cribleal activity may be
interruypted and have its resources transferred to a more

critical activity.




The System provides lafomation regarding the results of the
resource allocation. Somé of this informatfon is standard,
such as the schedule start and finisk dates of each
activity, and other information im optional.

The optional information consists of the following items :

= adjusted start
-  §eart delay
- Fiaish delay
- Rasource delay

~ * Dalaying resource

The adjusted start of an activity iu ithe date to which 1t

has been delayed owing to delays in” §¥s Predecessors.

The start delay it the difference betiwees the early start
of an activity (as calcuiated by time l-malysis)‘ and the
schedule start (as calculated by resource allocation).

The finish delay is the difference between the early finish
of an activity (as caleulated by time analysis) and the
schedule finish (as caltulated by resource allocation).

The resource delay is the difference between the adjusted
start and the schedule start of &n acitivity,




For activities which have bren delayed through resource
shortages the delaying Tesource provides an indication of
which resource caused the problem, Delajing resource is
the name of one of the resources (ther¢ may in fac be moze
than ome -culprit) which first caused the activity to be
delayed. B

In addition to the scheduling information for each activity
AS also provides information relating. to the overall
resource utilisstion. Summary information is provided for
each resource, consisting of the following items ¢

-~ the £iret date on which the resource was used
~  the highest level of usage on any day

- the total number of dsys of peak usage

= the first date tlist peak usidge Gecurred

~  the total availability for the whele project
~  the total usage for the whole project

This information 1s provided for all resources, that is,
both for control resources and aggregate resources.

The system also produces a file of detalled resouxce usage

information. Por each day of the project, and for each
4 on- is showing the ussge and

availability levels, by day and cumulative-to-date.




PR

5.2.4 Progress Reporting

Once the project has started it is necessary to record the
progress made so that the remaining activit{es can be
re-analysed so that it can be determined whether the

project is going according to plan. If delays aze
encountered in parte of the project the ¢ritical path(s)
may change, and it is necessary to know which activities

should be monitored most closely.

The progress of work can be recorded In several different

ways, The different methods of progress reporting are :

= Actual start and finish dates

= Actual durations

= Percentage completion

= Duration remaining

At any stage iam the project an activity can be in one of
three states: it {s either completely finishad, or it has
been started but has not yet finished, or it is still o be

started. .

Progress reporting consists of providing information to the
system necessary to describe activities in the Eirst two
categories. Activities which have not yer started will
have thaix early, late and schedule dates caleulated in the
normal way. However, it 4g important that these dates are
bssed not on the original start of the projeckt, but on the
actual or expected cowpletion dates of their Immediate

predecessors,

6206 5D60050 3 595 9 D0 >0 b ®
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Calendars

The technique of network analysis is puvely numerical, The
project caa be considered to commence at time zero, and the
'dates' for all the activities can be calculated forwards
from that polut, using whatever unit of duration that is
chosen, 'Dates’ in this respect are simply numbers which
can be added and subtracted.

In practice howéver,! the calculated times for the
performance of activitiés and the availability of rescuces
are required to Dbe represented as proper dates.
Furthermore, it is probable that work will not take place
every day, ond therefore it is required that the
caleulations take into account weekeads and other
holidays. This 1s achieved by defining one or nore
calendsrs which are to be used by the system when
calculating dates.

The network can be processed either using normal calendar
dates or 1in absolute time periods, for example, day
numbers, week numbers or any other numeric unit assigned to
represent the passage of time.

Dated calendazs will normally use a day as the smallest
wnit of time.

Different calendars can be made with differeat activities,
For example, clerical tasks may only be performed on a
Monday to Friday calendar, some manual tacks may work




Monday to Saturday, and other tasks might occur using a
seven day week, You may 2lao have activities which do not
dnvolve any work in the strict semse, but which reprasent
an unavoidable passage of time, for example waiting for
paint to dry. Activities such aa these will of course
‘work! to a seven day week calendar, with no holidays.

Method of Operation

The tasks involved in defining and controlifng a project by
means of network analysis can be clasaified as follows

Network preparation

= Identify the activities and their relationshipe to each
other.

~ Estimate durations.

- Estimate resource :.:equirements (optional - resource
gllocation only).

= Draw the network i.e. a manual task.

Data Preparation

= Define the data £iles ugeded.

-  Enter the network data, activities and relationships

= Eater the vesource definitions and availability levels
(optional)

-~ Define any calendars required (optional)

e



Processing

«  Analyse the network, either time analysis or resource
allocation

Displaying the results

- Reports
= Barcharts .
- Other avelyses, including graphical displays

Updating and Progress reporting .

~  Amead incorrect or changed
activitlea/relationshipe/regource lovels

~  Redord progress of work completed

~  Resanalyse the curredt network

- Display the updated resulta

Processing 5 r

Once the data files have been established a time analyses
or resource allocation can be performed. To de this three
commands must be given to the system ~ one command to tell 5!
1f the names of the input. files, one to provide the names
of the output f£iles, and one to tell it to perforn the

analyses.




6.  AS/CPIS INTERFACE

6.1  INTRODUCTION

The AS/CPIS is the 1 ot of the time analysis
function of the AS Project Control system, with the cost
informaticn on the GPIS system, The Interface producea forecast

and actual information for both the expenditure and physlcal
progress of an estimate or network. It does this by linking
network sctivities tu estimate items (See figure 6,1),

The programming to achieve this Jlink 1s now documented by Jadobs
and sate (7,

The output of the interface {s in the form of 5-Curves, and reports
displaying the plot points of the curves. ALl the curves can be
displayed oo three levels, namély, CPIS job, COPIS estimate and CPIS
phase over any given monthly time peried.

One AS network represents one astimaté, The S-curves display
information at job or estimate level for any given estimate. Any
combination of eatimates can be congolidated to display information

at job level for thege consolidated estimates.

The Eollowing diagram 1llustrates the different levels of reporting
and the relation between the AS network and these CPIS levels. For
the purpose of the {llustration, & project with three estimates iz
used, nemely phase X consisting of estimetes A, B and G and job
codes 1000, 2000 and 3000 for each matimate.
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® 6.2 PHYSICAL CURVES
ge Three curves are available, namely:
20 Original plamned progress
i) Actual progress to date
‘ Forecast Lo complation
e
10 6.2.1 Original Plagned Frogress
(K
’ The Barly Start and Early Finish dates tor the activities
¢ o are used to determine {n which month(a} the activity is
& active.
i &
i e
-1 8
8
1@
1@
@
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A1l diursticus of activities, up to and including any
gpecific uonth are expressed as a percantage of the total

network duration.

MIH 1 2 3
SCHEDULED WORK
DAYS.
A Py L 25 20 15
Aetivity 2 20 10 -

At the end of month I

Activicy 1 should be (%%, x 100) % complete
Accivity 2 should be (2%, x 100) 7% complete

The "network' should be {23 * 20) i 100% complete
{60 + 30)
= 50 % E

This curve will remain fixed for the duratiou of: the
network, It 4s the curve computed before any progreds is
recorded on the aetworks,

The y-axis of the curve L& in percentages from zere to 10CG
and the x-axis is in momths.

6,2.2  Actual Progress to Date »{
All the completed durations of the achivities are exprassed 4:%

as a percentage of the Lotal network duratf.u. {See above
example, }




Total duration = Activity 1 duration + Activity 2 duration
= &0 + 30
« 90 days

Duration Complete
‘Aetivity 1 = 20
Activity 2= 5

Total Complete = 25

(Duration cowplete = Total duration - duration left),
.. Actual progress o date = 23 x 100 %
50
=127,8 %
This should be 50 X and the network Ls thiis
27,8 x 100 % = 55,6 % up to schedule
50,0

{%0Q - 55,6) % = 44,4 % behind schedule

Ouly the cufrent month percentage can be calculated, Every
month's percentage is thus stored as the project progresses.

; [
Forecast to Completion K

‘tha percentage point s calculated as for the planned
‘progress, starting at the first nmonth after the current
month (cime mow). 'This curve is an extension to the actual

proguess to date curve,




Once the projsct is behind time i.e., the actual progress
to date curve is below the original planned progress curve
the forscast progregs caa oaly speed up 1f

- the critical path is changed

- durations ave reduced, of
~ activities are omitted.
6.2.4 System Flow Chart (Bhysical Progress Curves)
Plammast
| 1and 2
Wetwork |
Aetivity i )
File | | CALCULAYE ¢ H |
I | ' | Combine | | t
1. Orizinal planned ;———4 Finmast Physical |wi PPLOT ]
| progress Curves |- | IR
2. Actual prpgress |
| to date
] 13, Forecast p:ogress!
Hetwork | | to completion
Calendar | I Pactmast
File | 1 a
{
Bach curve is calculated by individual procedures and
stored on a master file for that specific curve,
The three master files are combined on to ome flle (PPLOT)
for display purposes,
| . )
. =k ! J P =
s
N . PP U | YO, S

P
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FILE CONTENTS

ACTIVLDY Network activity data
CALENDAR. Expanded calendar flle

PRLOT Gombined plot points for all physlcal progress
curves

JOBBLAN Original planned progress plot polnts

FINAL Porscast to completion progress plot poiats

ACTUALS Actual progress to date plot points

6.3

Financisl Curves
Four curves are available, namely

Original planned cash flow
Artual expenditure to date
Forecast expenditure to completion

Committed expenditure to date
6.3.1 Original plamned cash flew curve

The CPIS fimal cost estimate allocated to each activity is
used in the calculation of the plot points i.e,, all final
cost estimate amounts OF any part of them that became due
avcording to the early start/finish dates for an activity
#ill be accumulated up ta and including a specific month.

The module which calculates this excludes activities whose
% amounts arve to be spread over the project duration. These

activities are as followas :~
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ingineering Fees
Re-imbiursablee

Home office costs
Bgcalation
Coantingencles

‘The following Ls the baais for allocating a portion of the
£inal cost estimate to a specific wonth,

Each activity is entitled to its proportional share of the
final cast estimate amount (FCE) as totalled to its CPIS
main item level,

For exdmple:

CPIS MAIN  CPIS SUB  ACTIVITY FCE .AMOUNT FOR
TYEM

ACIIVITY LTEM DURATION MAIN ITEM 001
1 001 010 30
2 001 030 60

TOTAL 90 R900

Activity 1 shara = 0/g x 900, w. R300
Activity 2 shara = /g0 x 900 R600

These amounts are then proportionslly distributed to the
months over which the activity spans according to its early
start/finish dates,

Only working days are taken into acceunt inm calculaking the
portion of the FCE For any specific monthe

e.g., Lf activity 2 in the above example starts in May and
ends in August and July has oniy 21 working days, them the
amount aliocated for July will be */gq x R600 = 4140,

2o B Sl v ok =



Another module allocates amounts per wmonth  for
lea

ecoutingencles; escalation, ng fees,
and escalation, These activities have a duration of zero.

They are however loglcally limked to the firgt and lasi

sctivity ia the network.

Their early start/early finish dates thus represent’ the
atart and end dates of the estimate/ustwork duration,
These dates ade used to determine the number of moaths over

which to spread their FCE amounts,

Foxr example!

AGTIVITY EARLY START EARLY FINISH FCE AMOUNT
3 20 Peb 1985 7 July 1986 R1 800

Amount allocated per month :- 21 800/18 = R100

A1l amounts calculated by ‘the above acdule are aged by two
wontha i.e., it 33 assumed *hat payment 1s made (or costs

incurred) two months after tha activity takes place.

The amounts umulated are as a of
the total final cost estimate for all activities in the

network,

This curve remains fixed for the duration of the project,
All other financisl curves are measured against this curve
for comparison during the life cyele of  the j
estimate/natwork, §

. e e Bes 2l ¢ ek




6.,3,2  Acttal expenditure to date.

ALl the actual uxpenditures imported from the CPIS  system
are accumulated .up to and fneluding a specific -month.
These are expressed ag a. percentage of the total original
final cogt estimate amounts for the whole network i.e., the
original planned cash flow.

(CPIS information enters AS at -sub-item level and is
summarized to job and estimate level for the original cash

flow and forecast to.completion cutves).‘

6.3.3 Forecast Expenditure to Complétion

The origin of this curve is.the last plot point of the
actual expeanditure curve.

To determine the monthly amount still to be spent for each
activity the total actual expenditure is subtracted from
the final cost estimated amount.

The early start/early finish dates of activities are used
to determine the spread of cash.

The module whieh calculates this again excludes activities
whose amounts aie to he spread over the project duration.

These activities ave as follows :

5
PSR




Englneering Fees
Re=imbursable
Home office costs
Escavation

Contlugencies

The following 1s the basis for allocatiug a portiou of the
remaining amount to a specific month. Each activity is
entitled to its proportional share of the FCE amounc
remaining e.g.,

- EXP J0 DATE
CPIS MAIN  Ok: TIVITY  PCE FOR MAIY FOR MAIN o PLE
ACTIVINY LIEM — «HATTON ITEX 001 ITEM 001 REMAINING
h
’\ 0oL Q010 30
3 2 001 030 50
TOTAL 90 R900 R600 R300

Acivity & share = 2%/ x R300 = R100
vetviey 2 share = 1%y Raoo = R200

Thase auounts ate then distributed to the months over which
. the remainder of the activity spans.

Anothexr  wmodule allocates  amounts per woath  for
contingencies, engineering  fees, . re-imbursables aad
ascalation in exactly bthe same way as calculated in the
original planaed cash £low.

)
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. Again all amoints calculated are aged by two months.

6.3.4 Committed ¥xpenditure to Date,

The plot pointa for this curve are caleculated zg follows:=

The value of all orders placed plus mine charges spent up
to and intluding any specific month axe expressed &g a
percentage of the total original £inal cost estimated
amount for the total network (i.e, a pexcentage of the
ariginal planned capital),

This curve alse remains fixed for thé duration of the

project.
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6.3.5 System Flow Chart (Fimancial Curves)
| | {
[ ceis | | supuARISE 1
| Extract on | | cpis paTA |
| sub item [=—--—wed AND ACTXVITY sumM |
| Level [ { DURATIONS 70 _ i
[ 1 | MAIN TemM 1
| uEVEL |
Network | |
Activity
File l ’
1,2,3, and 4 | SUMSTART b
Nagwork
Activity | i
File 1 and 2| CALGULATE: 1 | opoMasT | Y .
- | =1 coMBINE
1. Origdnal planned . PINANCIAL
cashflow (OPC) | foaml CURVES
Nerwork 2. Porecast to 2 | PomMaAST - |
Calendar [l and 2] completion cash~ |—=2 |
File £low
3. Actual expenditurefi—sm|
4, Comamitted {3 | acouasy |
expenditure | i |
apIs }—Lﬂ 1
ftews |1 and 2 4 | coasT
(Sum) 1 I {
GPIS '

Jobs |
(Job M22)|

3 avd 4

Each time CPIS dis wupdated on AS,
duratlen changes, it must be summarised.

and when a unektwork

Each ourve is calculated by individual procedures and
stored on a master file for that speclfic curve,




Whenever the OPC (original planned cashflow) curve is
calculated - for an estimate, the data from file SUK is
atoved on file SUMSTARY for use by the othez curves.

The four financial curve master files are comblned om to
one file (FPLOT) for diamplay purposes.

FILE CONTENTS

SUM Final cost estimate amounts and activity
durations summarised up to CPIS main item level.

JOBM22 Actual expenditure and committed amounts of
CPIS job level.

SUMSTART  Same as SUM as used by origimal planned
cashflow caleulations.

ACTIVITY Network activity data.

CALENDAR Expanded calendar

OPCMAST Original planned cashflow per network/estimate
plot.

FORMAST Forecast expenditure ko completion per
network/estinate,

ACTHAST Actual expenditure par network/estimatae

COMMAST Committed expenditure per network/estimate

FPLOT ' Combined plot podnts for all Einanclal

expenditure curves.
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FINANGIAL AND -------’—4‘ COMBINE 1 5

6.4  COMBINED FPINANCIAL AND PHYSICAL CURVES

e PHYSTCAL CURVES
i B I ONTO N FILE

The financial expenditure and physical progress curves are combined

on to ons £ile for display purposes.

6,5  CONSOLIDATION (SYSTEM FLOW GHART)

FINANCIAL
E RISTART |
SUMSY
t I CONSOL IDATE
FINANGIAL CURVES =T
I OF SELECTED —->-l CONSAL l
ESTIMATES
| vpLOT > ;
|
PHYSTCAL
CONSOLIDATE
1 PHYSICAL CURVES |
| BPLOT || OF SELECTED || GONSEILE
| ESTIMATES |

The above mudulas have baen written to calculate the plot points
curvas

For the consolidated £inmancial and physical

y

| |
e COMBINE [
| CONSOLIDATED }—=~i COMBINE & [ii

CURVES

comblaatlon of estimates (or of course the total project):

I
!

for any

ram B s & el
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6.6 CONSYRUCTING THE CURVES - ILLUSTRATIVE EXAMPLES -
6.6.1 Planned physical curve
 Bweeks _ 3 weeks _ , 6 weeks, ', 8 weeks ¢
260/001/651 2000/001/002 l 7000/601/003 | ~2000/0062./001

. 1

. . !

10 weeks 4 weeks, o 5 weeks é

2000/002/002 3000/001/001 3000/002/001

]

H

]

|

7

|

I

8 weeks 4 weeks 10 waeks

1,!’ 7500/001/007 ! "XG08/002/007 12 B007001/GGT
! °

!

6 weeks )
__Bweeks, o 8 weeks
W 5007002501 1> ~6000/6017001

8 weeks 4 weeks
—bweeks
%6 S5do/001/00% 17

[LLUSTRATIVE ONLY {not toscate) EXAMPLE : £STIMATE LEVEL
L { {100

Job 2008
0
&
Job 3000 b
dob_4000 60

50 .

40

Job 5000
30
120
Job 8000 10

IS ALSO AVAILABLE FOR INDIVIDUAL JOBS AND TOTAL PROJECT

s hiasd vmi
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6.6.2 Planned Cash Flow Curve

@ 8 9 9 0 @

>
" “ i -

4 __R100000 , ._RS0000 . R10000 RS s
& 200070017001 | 2800/001/06% ) ~2000/061/003 { zooo/ooz/oai

K S weeks ' 3 weeks 6 woeks ! .
L 6 . R20000 7 Risaeo L Rriggoo ; -
@ 2000/002/002 | 3000/001/061 3600/602/001 .

; 10weeks ' [ 4weeks 5 weeks \

@ i _RE000 8000
K7l l.mm/ooz/om12 5oou/uu1/om 3
i 3 18 weeks 4.weeks 10 weeks
. | Rizooo Ri0 __Reoo ¢
e A SRS 1S Bt OaTTER ' S00/001 sonomm/unz ”
N & weeks 8 weeks 4 weeks
'y *
o | ILLUSTRATIVE ONLY EXAMPLE ¢ ESTIMATE LEVEL
g L) ] T
. o R =
L) == 0017097] GO1// |
[Swpers d 90238500
L] o =
0 ’ 2 qu 3 80212000
L] 15000 _[RYsbo0
Job 3000 "h_s/a)ﬂ E /o011 | 1 70| 185500

) . e week: -

: Job 4000 £5000. | 159000
] . 50 132500
] 4« 106000

o Job 5000/

K 3o 79500
® 20 53000

e Job 6000 Le S 19 26500)

: - Lo

e ; )

L] IS ALSO AVAILABLE FOR INDIVIDUAL JOBS AND TOTAL PROJECT
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‘Estimare itew/Physical activity link

6.6.3

Bxample 1
One escimate item tfed to one network activity.
Estimave Item:

'3000/001/003  Level aid tetrace 31250n” @ R2/n’ % R6Z 500
(Job/Item/Sub item) K

Network:
1 Level and terrace (4 weeks) 2
3000/001/003
Week No. 1 2 3 4 i
Cash Flow 15 625 15 625 15 g25 15 625 -
"
Example 2

Multiple estimate items tied to one metwork activity.
Estimate Items:

xcavate and cut 1 500s° @ RSw’ =R 7 500
Fill and compact 10 000a> @ R3a® = B 30 000
? g Ren® = R 62 500

R100 000 §

3000/001/001
3000; 05+ 1092

3000/001903  Level 4dad terrace 3 125u

i
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L]
L
Network
-
- 1 BULK_BARTHWORKS (5 WEEKS) 2 .
» Week No. 1 2 3 4 H
. Gash Flow 20 000 20 000 20 000 20 000 20 000
© Example 3 ¢
L i
- Multiple network activities tied to one estimate item.
o Estimate item
e 7
@ 300/001/000  Bulk earthworka sum = R100 000
] Network ‘
: . i ) EXCAVATE AND CUT (2 WEES) , FILL AND GOMPACT (1 WSEK) 5 LEVEL AND TERRAGE (2 WERKS) , g
s o o
L] Week No. 1 2 3 4 5
o 2 Cash Flow 20 0UO 20 000 20 000 20 Q00 G 000
. e NOTES :
. [.] |
- L. The system is capable of dealing with the following
. three situations:
@ a) Omne estimate item tied to one network activity.
: o ae B)  Multiple estimate ditems tied to oae network ¥
! e activity,
and ¢) Multiple network activities tled Lo ome estimate i
e item.
L]
. Y ¥
| @
[
e .
¥
® B
¥ @ b .
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7.  REPORTS AVAILABLE

7.1

2, The cash s distributed = unless mepually

overridden. If sdpecial conditfons are kmowa @.g8.,

evenly

pre-payments, retemtions etc, these can be fed into the
system to giye a more realistic projected cagh flow.

PROJECT CONTROL REPORTS

The following reports are available, and are curretly befng used,
by the Project Team at Vaal Reefs.

NAME REFERENCE
Network drawlng R1; R2, R3

Checklist R 4

Tize Analysis RS

Risk Analysis R 6

Calendar R 7 o

Edit Report R 8

Frogress Listing R 9

Incomplets pafivities R 10

Ber chart R 11

Gritical Path R 12 g
S-Curve Plot Poluts' R 13 i
§~Curve R 14 :
&1 - B3 Network Drawing %

At present the preéedence network is being drawn by hand
by the Enginearing Planners and the fmput keyed fn by a

syatem controller.

In future it is intended to train the

Planaers ko do this,

e A B s E ek

|
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There are three levels of details paseible

The datails fed into the system for each activity are:
Description

Caleundar type

Early statt/finish

Late start/finish

R & Chagkiist

4 list of activities and their status by work item X
nomber. This report 13 used by the Planners Eor progress
. updating.

RS Time Anzlysis

This report provides the following informatiom 5

~ number of activities and relatinuships ir the network

- tHe name of the talendar £ile used, ‘and how many
activities are uided with individual calendars,

- the timenow value used, the earliest early start and
the latest late finish date in the network,

- the swallest and largest float values of all
activities in the network.

~ the sum total of the duration of all activities, and i

an overall pércentage completion for the whole
project, based upon the progress information supplied { I
for Finished and partislly completed ackivities, ¥

- a list of all start and finlah activities, showing
their sarly and late dates and float,

L




668666608668 668
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R6

R7

R 8

R10
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Risk Analysis

A statistical analysis giving the most likely completion
date, the earliest completion date and the lstest

completion dace.

The module works its way through the netuntk for a preset
nupber of iterations (normally £ifky) and it assumes a
normsl distribution of actual fintsh dates around the
planned finish dates.

Calendalr_

An example of one of the three different calendars that

are avallable in the systenm,

Edit Report

An error listing of natwork input coding or logic errors,

Progress Listing

A check list of activities in a specific network to check

starus.

Incomplete Activities

A list of all incomplete activities inm a network showing
=~ Fipal cost estimate

= total expenditure to date

- awmount outstanding

T

=
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R11 Barchart

This f& a schedule fa barchart form for all activities in

a particular network., 'This shows early start dates, late o
start dates, critical activities and actual days worked L
on that activity. ’ )
L
N Ir is with this format (rather than the network draw e
g N formye) that project wmanagement controls the time N
i
- progress of the project. e
. C
TR R12 Critical Path .
- oy ————— LN
9 A ldst of all activities on the eritical path fe., those .
. S with zero float. If desired this can also include
! 8 nesr-critical activities le., with £loat of up to say 10 -
days. N -
Y o
L) R13 S-Curve Flot Psinty
p
X id This report gives the following numeric Iietings paer v
P ] mouth ~ all figeres are cumslative .
@ - original planned cash flow %
4 a =~ original planned cash £low R's
. A = forecast expeaditure to completion %
- orecdst expenditure ro completion 5 B K
. k] £ d 1 R
“Hae : - actual expenditure to date X : : :
RN - actual expenditure to date R's Ty
L 0 - commitied expenditure to date % 4. o
] - committed expenditure to date R's i
s ~ original planned progress % g
" e - achiaved physical progress to date % i 4
- forecsst physical progress to completion & I
i E ] :
i (34
~H 1
{9
| 4 ¢
4 .
o !
i § .
| k 4
N i
. . = h
n -t . PR W T R
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" 1
RL4 §-Curves 4
{ |
See R15 exauple - graphs are self-explanatory, i ‘
LY
OTHER AS REPORT FORMATS i
R.F 1  Radar chart .
RF 2 Pie chart
R.F 3~4 Hiatograms
R.F S5 Graph -
o
PN i i
1

- M et e Bas ks 2
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