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ABSTRAOT

This dissertation has as it's objective to develop an expert system for the purpose

of investigating the suitability of using expert systems in developing areas. It is the

first time to our knowledge that an expert system has been tested for usage in such

a context. The housing and more specifically roofing domain is investigated for

an application topic resulting in "the selection of suitable roofing types" being

chosen. Potential end-users are identified, an appropriate context of such a system

is outlined and an expert system tool is selected, The knowledge engineering and

building of the knowledge base are described.

Feedback from the parties involved in testing and validating BUILDROOF is

documented. In addition the suitability of using expert systems in the developing

areas context in which BUILDROUF was developed, is discussed.

Finally, recommendations regarding potentially suitable areas of application for

expert systems in developing areas are outlined.
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1.1

1. Th~ODUCTION'

1.1 IDENTIFICATION OF THE PROdLEM Af"O

PROCEDURE SELECTED FOR THE STUDY

It has been said that 54% of projects in sub-Saharan Africa sponsored by

the World Bank during 1979··1983have been considered failures by the
Bank itself (I) and that institutional failures, project design failures and

policy failures are the most fundamental reasons for project failures in the
Third World. (2) Such failures translate into an astonishing loss of time and
money. (3)

.:
!
I
.1 (

I
I
1

The successful projects however reflect that at least in some cases,

a!)propriate procedures and technology appear to have been adopted. It

therefore appears that in order to increase the success rate in these areas,

these experts I valuable expertise ne-d to be preserved and used as a guide,

so as to improve learning and understanding amongst others involved in

similar projects in these areas,

(

An expert system is a computer program that models the valuable

knowledge and reasoning processes of a human expert in some well

defined problem area. It is able to perform problem solving and make

reasoned deductions for the user from information supplied in response to

questions. Conclusions usually take the form of advice supported by a

structured argument based on the particular knowledge that the expert
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system has supplied in a given case. Since this human expertise is

encapsulated as software, it can be widely disseminated. (4,5)

Expert systems can be used to improve productivity, save time and money

by solving problems in a timely manner and by avoiding costly mistakes

and bad decisions; and they can be used to preserve valuable knowledge
and improve learning and understanding. (6) Bearing in mind these benefits,

their growing usage in industry appears logical. Similarly, it appears

plausible that expert systems could play an instrumenre 1 role in replicating

expert knowledge in developing areas. However, a literature survey carried

out failed to reveal any documentation on applications of expert systems

in this context.

The purpose of this study is to serve "<.j a pilot study into the suitability of

expert systems in developing areas. It was decided that this could best be

investigated by developing an expert system to be used in this scenario. A

topic of application thus had to be selected.

SUMMARY OF THE REPORT

Housing is an integral part of the socio-economic and political structure in

a country. Adequate housing is a prerequisite for stability, welfare and

mutual understanding. (7) One of the most pressing problems faced in South

Africa today, is the ever increasing housing deficit. (8,9) Housing was

therefore singled out for further investigation with regards to identifying

a suitable topic of application.
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Details and findings of this investigation are documented in chapter 2. By

investigating the breakdown of housing costs and the availability of

relevant expertise, roofing was identified as being worthy of further

investigations with regards to an expert system application. Current roofing

trends in formal and informal housing were investigated. A literature

survey revealed alternative/suitable rooting technology and potential

reasons as to why this technology is not being used on a larger scale are

put forward. This led to a realistic, feasible context for such an ;r.pert

system being outlined. In the scenario as defined, the development of an

expert system to aid and advise an end-user in selecting a roofing type

which is best suited to their needs, wants and limitations appeared

plausible. Finally potential organisations and end-users offering an

organisational structure into which such an expert system could be

incorporated, are discussed. Thus an application topic has been identified,

i.e. an expert system for selecting roofing types in developing areas.

In chapter 3, software tools were investigated with regards to their

suitability to the application identified. Various factors are investigated in

order to determine the most suitable development choice and once this is

identified as being the usage of a shell, the selection of an actual shell is

done. In order to obtain a relatively solid indication as to what form the

knowledge base should take and thus the suitability of the shells being

investigated a portion of the knowledge engineering (as discussed in

chapter 4) was done in conjunction with this chapter. This chapter

concludes with the EXSYSPro shell being selected as a development tool.

The process of performing the knowledge engineering and building the

knowledge base, is discussed in chapter 4. This involves the gathering of

desired knowledge (from both literature and human expertise) and the

formatting of this knowledge into a knowledge base, From the literature
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survey, various roofing types are investigated. These are then sub-divided

into 4 categories, of which only two categories, units and systems, are

selected for inclusion in the expert system due to time constraints. The

goods and services required and the features offered by each roofing type

are investigated and documented. Factors considered when selec:1rtb a

roofing type are also identified. Human expertise is used for analysing and

verifying the sub-domains identified from the literature survey and for

developing an outline of these sub-domains by placing them in a hierarchy.

Additional requirements of the package are identified by the expert and

.. pC't~ntfal end-users.
,~'Hy, facilities offered by the EXSYSPro shell for meeting the

~i~nt5as identified, are discussed.

S, each of the options offered in the BUILDROOF menu is

discussed i.e. i'.UnningBUILDROOF, outputting results, changing location,

input of dati on availability of goods and services, data on actual costs

returned and inputting of new roofing types. Specific attention is given to

the reasoning process and the use of variables, qualifiers and frames.
\\

(~
i
I (

Chapter 6 documents feedback from the parties involved in the testing and

validating of BUILD ROOF as well as feedback on the suitability of expert

systems in the developing areas context for which BUILDROOF was

developed. Potentially suitable application areas identified are documented.

Finally, in chapter 7, conclusions reached and recommendations are drawn
up.

'i (
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1.3 LI~nTA'I'~ONSOF..J'HE STUDY

Certain limitations applied to this study and these should be borne in mind

especially when analysing the feedback and conclusions.

(i) The purpose of this study was to investigate the suitability of expert

systems in a developing areas context. The feedback and findings

are however influenced by:
the one single application topic i.e. selecting of roofing

types in developing areas; and

the views expressed by a small pool of experts and potential*
end-users.

(ii) In tum, the validity of the actual package developed,

BUILDROOF , was limited by:

*

the knowledge representations and reasoning mechanisms

provided. by the software used to develop it i.e. EXSYSPro;

and

the scope thereof which was limited to two roofing types in

each of the two categories catered for i.e. The EFU and

USSR ranges for UNITS and concrete troughs and concrete

blocks for SYSTEMS.

*
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2. ROOFINGDOMAIN

This chapter is an overview of housing with the intentions of investigating an

appropriate area for expert system application.

2.1 HOUSING IN SOUTH AFRICA - PAST AND PRESENT

The method by which housing has been 'delivered' to the unhoused has

changed dramatically over the years. The policy has changed from one

where the government let housing to those eligible to be permanently

housed in South Africa, to the recently ldopted policy of encouraging the

private sector to take complete responsibility for housing all except the

indigent. (10)

(

The previous policy has however left it's mark on the housing scena.rio.

The number of housing units occupied by the black population group has

never been counted in any of the national censuses aid so no precise

statistics are available on the magnitude of the:housing backlog. The Urban

Foundation has however estimated the current shortage as being

approximately 1.8 million units, and estimates that this will increase to

approximately 4.7 million units by the year 2000. (This number is arrived

at by taking into account current rates of population growth and supply of

new units). This translates into a need to provide 390 000 units annually

(

l
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in order to meet the demand in the year 2000. This target is nowhere near

being met by the current rate of supply.(9,lO)

The shortage of housing and related community facilities together with the

current unemployment figures (estimated at 45% of the formal sector-'!' )

fo1"t'le low-income communities in South Africa, remain am0111.the most

critical political and social issues that still need to be addressed.

2.2 BREAKDOWN OF HOUSING COSTS

The solution is however not an easy one, as there are many interrelated

factors which have to be considered, the most important of which is

affordabiIity. This is the relationship between the income of the people

(and therefore what they can afford) and the economic cost of their

housing needs. This is the greatest challenge in providing housing. (12)

Housing costs can be broken down into 3 broad categories (See figure

2.1):

* Land and Infrastructure costs

,1•

* House costs

* Ongoing monthly charges for services consumed

Unless all three categories are considered together, effective solutions

cannot be achieved. While being of equal importance, the first and third

categories are however outside the scope of the current investigation.

l,
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The cost of the house itself is controlled or determined by the following

factors:

* Financing
* Delivery systems

* Construction technology
As in the previous case, all three factors need to be considered together in

order to arrive at an effective solution. However, although financing and

delivery systems are imperative for at, effective solution, they are also

outside the scope of this project.

Construction technology incorporates the following:
foundations and

foundation walling

* Superstructure - walling

* Substructure-

and

* Roofstructure (8)

Under normal conditions, roofing is the most structurally complicated of

the three. In addition, roofing offers the greatest and most immediate

protection against the elements. It is therefore considered to warrant

further investigation with regards to an expert system application.

f::
i
1 (
I 2.3 CURRENT ROOFING TRENDS IN FORMAL &

ImORMAL HOUSING

c

l In order to assess what an expert system on roofing should concentrate on,
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an overview of current roofing trends across the broad spectrum of both

the formal and informal (housing alternatives which are not part of an

official government housing programme) housing sectors, was investigated.

2.3.1 FORMAL HOUSING

'This sector is largely serviced by formal contractors. Roofing types

commonly used are conventional trusses with conventional

coverings of tiles, sheeting etc. In a few cases, rafters are used

together with the coverings mentioned above. Trusses and

coverings are almost exclusively designed by experts, manufactured

in factories and thereafter delivered to site. This process is

obviously costly to the purchaser and money paid for such

components leaves the community immediately.

2.3.2 INFORMAL HOUSING

r

I
I
(

I

Due to the lack of money, the informal housing sector is l:argely

serviced by self-builders. Roofs are erected making use of whatever

is available. Attempts are made at copying conventional roofing

systems. This trend has common repercussions:

* because it is a replica of the original (without the

expertise), it is often structurally unsound with poor

utilisation of materials;

* roofs cannot he upgraded;

* roofs cannot be;extended;

* because conventional roofing types are not necessarily

aimed at making use of local resources (be they goods or
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services), the financial repercussions are carried by the

home owner;

* roofmg components are often manufactured outside of
the community, therefore money leaves the community

and
* roofs are not climatically suited to the location. (13)

2.4 ALTERNATIVE ROOFING TYPES AND EXPERT

SYSTEMS

The need to provide affordable housing for low-income communities has

highlighted the need for a diversity of strategies and innovative building
techniques to help cope with the resultant challenge. (l.~) Aft essential

i'

requirement of this appropriate/alternative technology is that it should lead

;0 technical solutions which are consistert with the capabilities and lifestyle

of the population and that it should make the best use of labour, materials
and other economic resources of the society. (IS)

A substantial amount of research into various alternative roofing types has

been carried out by research institutes such as the CSIR. Similarly,

information on roofing types developed in other countries has also been

documented, As a result an impressive quantity of literature on alternative

roofing types aimed at low-cost housing, and the informal housing sector
in particular, is available. (13,16)
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However, it is believed that it is because of the lack of attention that has

'been paid to the factors mentioned in section 2.2 (e.g. finance, delivery

systems etc.) that alternative roofing types have net been mar i;'eted on a

significant scale. This has advanced the lack of knowledge on alternative

roofing types and has largely contributed to the reason why the informal

housing sector continues 'attempting' to build prototypes of conventional

roofs as apposed to adopting alternative roofing technology. (i3)

2.5 SUITABLE COI\TTEXT OF AN EXPERT SYSTEM

i

• In section 2.2 it was pointed out that apart from appropriate technology,

other factors exist which are imperative to meeting the housing deficit. It

is therefore of no use investigating an appropriate expert system for

roofing, without setting it in a realistically feasible context. The assumption

will therefore be made, in developing and justifying the expert system -

BUILDROOF - that these other factors, which are outside the scope of this

project, have been adequateiy resolved.

."
~
1 c 2.6 EXPERTSYSTElVi APPLICATION IN ANTICIPATED

ROOFING SCENARIO

c
Assuming a scenario as outlined in section 2.5, the marketing of suitable

roofing types would improve automatically. The ease with which each
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roofing type could be marketed would be dependant on how much

preparatory work has been done i.e. the extent to which the process ; of

design and testing thereof have been completed. The main priority of the

potential home owner would then be to be thoroughly informed when

selecting a roofing type. This requires neutral, n-~-biased advice based on

thorough familiarity with details of the range of roofing types available so

as to aid an end-user in selecting a roofing type which is best suited to

their needs, wants and limitations.

However, few experts exist who are adequately familiar with the wide

variety of roofing types so as to successfully be able to advise \nd{vidual

end users on the most appropriate roofing type for them. This information

is limited to experts on individual roof types. A reservoir of knowledge is

only as useful as the ease with which it can be found, understood,

interpreted and used. Therefore this expertise and alternative technology,

is largely either too expensive to obtain or not necessarily in a form usable

by the end-user. The available information is thus not reaching the

appropriate market.

c

This situation is not unique. Experts in most fields are a rare commodity;

because there are few of them, they are typically in great demand and their

valuable expertise is often unaffordable to any except large scale

financiers. A solution to this dilemma, could be achieved by developing a

clone of the expert by some means such as an expert system. An expert

system is simply a computer software representation of an expert or group

of experts. (6) Expertise is represented by means of searching sets of rules

or databases for solutions to specified problems. The rules or databases
used are developed from careful assessment of available expertise, and are

checked for compliance with expert opinion on any problem which might

be posed.l
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Thus the development of an expert system to aid in selecting roofing types

in developing areas appears to offer a plausible solution.

2.7 ORGANISATIONS INVOLVED AND POTENTIAL END-

USJi~RS

Obviously, due to the nature of the end-user market, individuals are not

going to purchase BUILDROOF for use at home on personal computers.

Therefore BUILDROOF needs to be available to end-user' s through

another path. This can be done by incorporating it into a structure that

already exists.

(
1

I (

A number of organisations exist that are involved in housing. Most of the

contractors/consultants who were consulted at these organisations agreed

that there was a need for alternative technology for low-cost housing

(costing in the region of R5 000,00). However, they felt that due to the

politically volatile nature of the informal housing sector areas at present as

well as the low levels of profit to be made, and the fact. that there still

appears to be enough work in the formal, higher income areas, they do not

see it as being a feasible option. This further supports the theory that if the

housing deficit is to be met, it will be achieved by small scale contractors,

and predominantly self-builders. (13,17)

t~;

Of the organisations consulted, only two were actively involved in training

and developing small scale contractors, artisans :and self-builders for

working in low cost housing. They were therefore the only organisations
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that warranted further investigating as potentia) BUILDROOF users:

* IDT {Independent Development Trust) in conjunction with TACs

(Technical Aid Centres)

* ABA (African Builder's Association)

2.7.1 INDEPENDENT DEVELOPMENT TRUST (IDTl

(a) Background

The Independent Development Trust (lDT) is a non-

government development organisation established

specifically to address the social upliftment of very poor

people in South Africa. The intention to establish this

R2 000 million trust to be administered independently of the

state was announced by the State President on the 16th of

March 1990.

The IDT is administered by a Board of Trustees which

comprises of a wide range of South African leaders across

the political and socio-economic spectra.

(b) Objective~

One of the four development areas where, the Trust initially

decided to focus its sapport was on housing, especially

shelter for the poor and the people living in informal

settlements.

The Board of Trustees, together with a small staff,

identified organisations vhich would be responsible for

turning these policies into practical, on the ground

programmes. The Trust is thus working as a development

agency. It provides financial and other support on a

.M
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meaningful scale for the activities of the organisations.

These in tum will manage or co-ordinate the individual

projects and programmes through which the Trust hopes to

achieve its primary goals.

In addressing the first of the four development areas
outlined previously, the Trust allocated approximately

R750 million towards assisting families who wish to

purchase a serviced site in a site-and-service scheme or

informal settlement upgrading scheme by p.oviding a capital

subsidy of R7 500 on the selling price of a site in such

schemes. 108 developers involving 99 800 sites have been

approved.

Broadly speaking, the main objective of the IDT is to

achieve consolidation in its chosen communities.

Consolidation being the process of the upgrading of

informal communities in both physical environmental terms

and in socio-economic terms. As consolidation proceeds

housing is upgraded from informal to formal structures,

infrastructure services are improved, public and private

sector community facilities are provided, commercial

enterprises are established, the skills of the community are
improved thus facilitating increased income generation in

the community, friendship networks are established, social

programmes are initiated, and so on.

One of the factors which has been identified as an important

condition for successful consolidation is access to building

materials and advice.
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It has been suggested that Technical Aid Centres (TACs) be

introduced at the outset of a project in order to provide

these.

II

Functions carried out by the TAC would include, amongst

others, the following:
* to advise on house designs i.e. foundations (sub

structure), super structure and the roofing system;

* to supply technical information on above mentioned

points;

* the possible inclusion of a materials yard and

* to serve as a community centre where information on
available goods and services can be obtained. (13,18,19,20,21)

2.7.2 AFRICAN BUILDER'S ASSOCIATION (ABA)

(a) Introduction

The African Builder's Association is a national non-

government association which aims to promote and co-

ordinate the involvement of blacks in the building industry

as builders, contractors and developers.
ABA was formally established in 1987 by Mr Joe Mogale,

At this stage it was confined to the Transvaal boundaries.

Only with its more recent affiliated association to FARCOS

(Foundation for African Business & Consumer Services) has
ABA taken on a national Status.

(J
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II
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II,(b) Qh~tives

ABA documents the following (amongst ethers that are

outside the scope of this analysis) as being its functions:

* to promote education and training among builders;

* to establish a marketing information centre, whereby

information relevant to the trade is available;

Today, ABA has between 3 000 and 6 000 members. These

are made up from the wide spectrum of contractors, artisans

(e.g. plumbers, bricklayers etc. ) an,' self-builders and are

involved in both the formal and informal housing sector.

With its move into the national arena, ABA now has offices

across the country. It's head office is in Pretoria. Regional

offices exist in Johannesburg & Pietersburg in the
Transvaal, Bloemfontein & Welkom in the Orange Free

State, Durban & Newcastle in Natal and Cape Town &

East London ill the Cape.

These offices serve eL; Information Centres for the use of

ABA members. Each office is staffed by at least one
technically skilled person and is largely sponsored by

private building suppliers. By co-ordinating with these

sponsors, ABA promotes education and training among

builders through training classes. It is also in the process of

establishing building yards affiliated to the offices, where

members will be able to obtain materials at reduced costs

and simultaneously obtain technical information therein if

necessary. Computers are available at all the offices.



2.14

Ideally, the personnel employed by ABA should' be

'experts' in a variety of technical fields related to housing.

However, due to the scarcity of such experts and to the

very nature of the market in which ABA operates (low-cost

housing), financial constraints inhibit ABA from employing

such personnel. ABA has tried to compensate for this by

supplying this 'expertise' in the form of papers, books,

manuals etc. These appear to be in an unusable form

though. ABA's president, Mr Mogale, sees this as being

one of the major problems with which the office managers

are having to contend. (17)

2.7.3 SUITABLE IMPLEMENTATION OF BUILDROOF

It appears that BUILDROOF could be successfully implemented

into the structure of the TACs as well as ABA. In this way, it

could supply information and guidance to IDT recipients and ABA

members when selecting a roofing type.

It is anticipated that the running thereof would require one

'computer operator' having a basic understanding of computers and

a standard computer. A 'BUILDROOF USER'S MANUAL' was

compiled to guide the operator on how to utilise the BUILDROOF

package. (See Appendix B for 'BUILDROOF USER'S

MANUAL').

l
This operator would be required to assist the end-user in the using

of the BUILDROOF package. A 'BUILD ROOF VISUAL GUIDE'

was compiled so as to assist the end-user in selecting acceptable

'i ()
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roofing types. (See Appendix C for 'BUILDROOF VISUAL

GUIDE').

2.8 SUMMARY

Considering the shortage of housing, the unemployment figures, and the

characteristics of conventional and alternative roofing technology, it is

apparent that a market exists for alternative roofing technology. This

technology is available. However, due to factors which are beyond the

scope of this project, it has not been marketed on a significant scale.

Assuming a scenario in which these factors have been given the attention

that they so critically require, the main priority of the end-user would then

be to obtain neutral and non-biased advice and guidance from a body

which is thoroughly familiar with details of the range of roofing types

available. The end-user would thus be aided in selecting a roofing type

which is best suited to their needs, wants and limitations.

Therefore, the basic problem is the transfer of knowledge and advice to the

self-builders, artisans or small scale contractors by the encapsulating and

moulding of knowledge into a usable form. It therefore appears reasonable

and appropriate to develop an expert system for selecting roofing types in

developing areas.

': G
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3. SELF.£TING AN EXPERT SYSTEM TOOL

3.1 OVERVIEW

The process of selecting which software tool to use is a major decision in

the development process. This process, as depicted in figure 3.1, can be

roughly divided into two major sections, the development choice and then

depending on this outcome - the selection of which shell, AI language or

conventional programming language to use.

The decisions made in the two sections are dependant on several factors,

some of which influence both sections:

* programming capabilities;

'" time available;
* objective of work to be done;

* type of computer system on which system is to be developed as

well as the host user's computer;

* nature of the problem itself and

* funds available.

o
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3.2 THE DEVELOPMENT CHOICE

The first step was to evaluate the author's programming capabilities. The

only programming language with which the author had had experies.ce was

Turbo Pascal. Nevertheless, programming an expert system from scratch

would have been an enormous undertaking and the time involved it.

learning another language well enough to create an expert system would

have been consuming. In addition, the crux of this research was not to

program an expert system, but to develop an expert system and collect

feedback on the suitability of it's topic and area of application. It therefore

appeared that if the last condition was also met i.e. that the shell format fit

the knowledge domain, then the fastest and easiest approach would be to

use 3'. shell.

~'

j

I c
I

I
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In order to assess the suitability of a shell's format to the knowledge

domain, a more. solid indication as to what form the knowledge base

should take, was needed. It was therefore decided to defer the step of

development process until a small amount of the next step (i.e. the

knowledge engineering) had been completed, the details of which are

documented in chapter 4.

From this preliminary investigation, the following software facilities were

identified as being necessary:

c
* support of IF-THEN-ELSE production rules;

* access to data storage facilities - either

'in-house' e.g frames, or compatibility to

external database software;l
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* an enhanced command language;

* support of both forward and backward chaining;

* hypertext I help facilities and

* development of custom screens.

These facilities were found to be offered by most shells. It was therefore

decided to us- a shell as a development tool.

3.3 SELECTINGA SHELL

3.3.1 CRITERIA FOR SHELL SELECTION

The following factors were considered when selecting a suitable

shell:

* The shell should be large enough and capable enough to

handle the project that the author had in mind .' capability

being measured by it's ability to meet the requirements

as outlined in section 3.2.

(J

* The shell should be suited to the author's, as well as the

end-user' s soft and hardware facilities. The author

worked on an IBM compatible 386 PC and had most

standard software available. Potential end-users's

hardware facilities were mostly IBM compatible 286s and

their software was mostly limited to an MS~DOS version.

•
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* The software cost should not be ~;vc .ssive,

* Due to the very nature of the target market, the run-time

cost should be as low as possible.

* The software should be expandable and flexible. It

should, for example, be possible to incorporate a times

analysis package.

3.3.2 SHELL COMPARISON

Information pertaining to the criteria for selection of shells as

outlined in section 3.3.1 was collected on several shells. These

details a.; dccumented in table 3.1.

c

11s':l~LL MEET SHELL SUITS snELL COST RUN-TIME

I SECTION 3..2 SOFT- AND COST

REQUIREMENTS? HARDWARE?

-
LevelS Yes No, require Zero - A copy Approx,

dBase III is available in It! 000,00

the department

Leonardo Yes Yes R6875.00 R1500,OO

EXSYSPro Yes Yes R40oo,00 R120,OO

XiPlus Yes Yes R7000,oo R1650,00
=.~ Ic

l Table 3.1 Comp:.:rison of expert svstem shells
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All four shells met the requirements as identified in section 3.2. A

copy of Level5 was already available to the author and so no

development software costs would have been incurred. However,

Levelf does not have lin-house' data storage facilities and therefore

requires compatible database software. None of the end-users

approached had copies of the software and would thus have had to

purchase copies trereof. Of the three remaining shells, EXSYSPro
was the cheapest. It's run-time cost, which would effectively be

carried by the end-user when purchasing the expert system, was

also the cheapest by a substantial margin. Thus the final decision
lay between EXSYSPro and LevelS. This decision was made by

comparing the actual shell and run-time cost carried by each end-

user. The larger the number of end-users the more financially

feasible the usage of EXSYSPro becomes as apposed to LevelS.
The break-even point was calculated to be 4.6 end-users, (See

calculations below)

(i

\.

d
(I

a "" number of expert systems sold = number c end-users

4000/a ea EXSYSPro shell cost to be carried by each end-user

Runtime cost of EXSYSPro = R120,00

Runtime cost of Levelf = R1OOO,0(\

c

Cost of EXSYSPro = Cost of LevelS

4000/a + 120 = 1000

4000 = 880a

Therefore, a ::::4000/880 = 4.6

G
Thus assuming a minimum of 5 end-users, EXSYSPro was shown
to be the most cost efficient software to use.

•
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3.3.3 CONCLUSION

On the basis of this criteria for selecting a shell and (he shell

comparison in section 3.3.2, it was decided to use the EXSYSPro

shell to develop BUILDROOF,

c

G
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4.1

'.\, 4. PERFORMING THE 1\<NQ_WLEDGE
ENGINEEjRING AND BUiLDING THE
KNOWLEDGE BASE

4.1 INTRODUCTION

Once the expert system application area had been defined, the knowledge

engineering could commence. This involved the process of gathering

desired knowledge and thereafter formatting it into a knowledge base. The
knowledge which was used came from two basic sources, literature and

human expertise.

4.2 GATHERING OF KNOWI.JEDGE .. LITERATURE

Documentation about the roofing type domain was obtained from various
sources:

* technical papers (22,23);

* case studies of housing developments t1.4);

* books (16);

* magazine articles (25) and
* roofing manuals. (26,27)

c
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By reviewing this literature, the following was obtained.
Firstly, an introduction to the following roofing types:

* conventional roofing types currently in wide use;

* roofing types th.tt have already undergone the

design process and are currently in the process of being marketed
and

* roofing types that have undergone the design process but are 110t

yet being marketed.

This introduction included an investigation of the goods and skills required

for the manufacturing and erection of the roofing type as well as an

overview of the features offered by each roofing type.
Sec-mdly, an insight into the factors that were considered when selecnng

a specific roofing type for a certain end-user or group thereof.

4.2.1 ROOFING TYPE.~ INVESTIGATED

(a) .CategoriSlltion of roofing ty~
The roofing types that were investigated were categorised

into four different groups:

(i) Units

These roofing types are basically DIY type packages

in which the components of a roofing structure are

purchased and then erected by the end-user.

Available in a variety or different sized building

blocks (modules), they can be combined in various

ways to form homes of assorted shapes and sizes
(sub-units).
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Units investigated were:
* Evertile Fast Frame Units (EFU) (26)

* Untiedt Support Strutt Roofing (USSR) (27)

(See Appendix Al & A2)

(ii) Systems

These are roofs made up of smaller elements.

Unlike the building blocks of the units, the elements

(modules) can be constructed and erected by the

end-user, provided the required moulds or forms are

available.

Systems investigated were:
* Concrete troughs (16,22.23,24)

* Concrete blocks (16,22,23,1;4)

(See Appendix A3 & A4)

f~-;'
"

i I c

(iii) Rafters + covering

These consisted of either pole or rectangular timber
sectioned rafters. These rafters could be arranged to

form either a mono or pseudo double pitch.

Coverings on theee rafters varied between

conventional and unconventional roof covering.

(iv) Trusses + covering

Trusses are constructed from either pole or
rectangular timber sections. The lack of steel truss

manufacturers in the housing market seems to

indicate that steel trusses cannot compete with
timber trusses at such short spans(2S).Both mono and

double pitched trusses are available with pitches

o

l
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being a function of the roof covering used. As for

rafters, coverings varied between conventional and

unconventional roof coverings .

...he 1'0 ti-ne constraints, "t was decided that only two of the
gl VGpS discussed v <, : i:~ incorporated into the
BUILD ROOF )c, '( lJyMem for "he purposes of this

project. The units and systems were selected for the

following reasons:

* they are the two which have been specifically
designed with the limitations and constraints

characteristic of the lower income sector in mind,

and therefore are the most suited to this sector and
lie they are the two groups which have been the least

marketed and as a result on which the least usable
information and advice is available,

It should be borne in mind that rules for rafters and trusses
could be added at a later stage.

(b) Goods and skills required

Goods and skills required for manufacturing and/or erecting

roofing types were categorised into the following groups:

(i) Modules

The actual building blocks of the roof i.e. building

blocks in the case of the units and elements in the
case of the systems.

With regards to the systems, the elements can be

either purchased or self-manufactured. Then,
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depending on the choice made in obtaining the

elements, different goods and services are required.

(ii) Equipment

This incorporates standard equipment plus any

equipment that may be required when self-

manufacturing elements.

(iii) Materials

Materials that are required e.g. sand, cement, re-

bars etc.

(iv) Tools

Standard tools that are required e.g, hammers,

spanners etc.

(v) $kill s

Different levels of skills required.

(See Appendix AI, A2) AJ AndA4 for details and

calculations of goods and services required for

UNITS and SYSTEMS roofing types included in

BUILDROOF)

(c) Features

Details obtained on the features offered by individual

roofing types were categorised under the following

headings:
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(i) Ceiling
Three categories exist:

* ceiling included (included with units);

* ceiling not included but facilities for the

installation thereof exist;

* ceiling not included and no facilities exist

for installation thereof,

Gutters

As for ceilings above, three categories exist:

* gutters included (included with units);
* gutters not included but facilities for the

installation thereof exist;

* gutters not included and no facilities exist for
installation thereof.

(iii) Temporary housi~
Suitability of a roofing type to being 'moved' to

another site.

(iv) Core housing

Suitability of a roofing type for later extensions.

(v) Pitch

Three types of pitch exist:
:!< flat

~'
f
i
I
lC

1

l
* mono

* double



4.2.2 FACTORS CONSIDERED IN SELECTING OF ROOFING

TYPES

4.7

From the literature survey, and the case studies in particular, the

factors considered in selecting an 'appropriate' roofing type were

identified as being the following:

(a) ~Hmatic suitability

Roof types exhibit suitability to certain climatic conditions.

The location in which the roof was to be erected therefore
played a role in selecting a suitable roofing type. In addition

two factors had to be considered:

* roofing types containing corrosive materials may not be

suited to coastal regions. (A coastal region is defined as

a 15 kilometre strip along the coast) and

* a ceiling may influence the climatic suitability of a

roofing type to a location.

(b) Affordabil~

Roofing types were selected taking into consideration the

financial constraints of the end-user.

(c) Utilisation of local goods and services

Maximum utilisation was made of locally available:

* material

* tools and

* skills

c
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4.3 HUMAN E.~ERTISE

Although the information gathered from the literature survey discussed in

section 4.2 served as the master source of knowledge, it was the

knowledge from the human expert, Mr Arrigone, that was instrumental in

codifying the knowledge into a usable form and therefore creating the

knowledge base.

A large proportion of the papers, covering both the selection and technical

aspects of the more unconventional roofing types and case studies thereof,

were written by the expert whilst employed by the CSIR. During this

period he was involved in case studies of housing projects in which these

alternative roofing types were used. Today, he is an employee of the

Development Bank of South Africa. One of the projects in which he is

currently involved, is the setting up of the TACs at the sites of IDT

projects, as was discussed in chapter 2.

(,'
I C

1to
1.~

The expert therefore provided invaluable assistance in the form of both an

expert in the selection process as well as being representative of a potential

end-user.

4.3.1 ANALYSIS OF BUILDROOF STRUCTURE

With regards to the expert the debriefing goals were:

* to verify the importance of each sub-domain as identified

from the literature survey and in addition to identify other

sub-domains that may not have been covered or identified

)
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in the literature survey;

* to develop an outline of these sub-domains by placing

them in some form of a hierarchy and

* to identify which chunks of' ~.cwledge the

experts draw upon for each of these sub-domains and what

the individual logical reasoning processes are.

The first two points will be covered in this chapter. The final point

will be discussed in chapter 5.

(a) Verification of sub-domains

The sub domains as outlined from the literature survey were

verified by the expert. Additional sub-domain were

identified:

(i) Acceptability of a roofing- type to an end-user

In order to query this of the end-user, it was

decided that a visual guide containing photographs

and sketches of the roof types would be supplied.

(See Appendix C for BUILDROOF VISUAL

GUIDE)

o
{
! c

J
1
(

(ii) Suitability of the roofing type to the walling material

llSed

It was decided that roofing could not be considered

totally independently of the rest of the housing

structure. However, at the same timer due to time

constraints, as well as bearing in mind that the

objective of this project was not to develop an

expert system for the whole house, but only for

selecting the roofing system, it was decided that

I] (]
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only the walls would be considered and then only

very briefly.

With respect to walling, roofing types can be

categorised into one of two types:

* self standing i.e. non load-bearing walls

* non self standing i.e. non load-bearing walls

Common walling materials are:

* bricks i.e load bearing

* concrete i.e. load bearing

* zinc, plastic, wood etc. i.e non load-

bearing

(iii) Suitability of the roofing typ~ to the Walling span

A common characteristic of alternat/ve roofing types

is a restriction in the allowable span. Typically, a

range of fixed spans or a limited maximum span are

available.

(b) Developin~ a hierarchical outline of these sub-domains

The SUb-domainsidentified for selecting a suitable roofing

type were placed in the hierarchy as shown in figure 4.1.

The following factors contributed towards this final
hierarchy:

(i) In order to eliminate unwanted or unsuitable

roofing types as quickly and soon as possible, those
sub-domains that were relatively end-user

'l,r
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independent and that required minimal input from
the end-user, were given priority. These were

identified as being the processes of checking each

roofing type for climatic suitability, ability to meet

extras as identified by the end-user and approximate
affordabili ty .

(ii) In order to prevent instilling: potentially unrealistic

expectations in the end-user, it was decided that the
acceptability of a roofing type to an-end-user should

only be queried once it has been found that:

* it is climatically suitable;

* it meets the extras required by end-user;

* it is vaguely affordable and
* it's required goods and services (i.e.

modules, equipment, materials, tools and labour)

are available;

For this reason, this data is all queried and checked
prior to the actual querying of acceptability to the
end-user,

(iii) Within the sub-oomain checking for availability of

goods and services, the final rhecking order was:

modules

eqripment

materials

tools and labour.

Factors contributing towards this order were:

* Modules include building blocks in the case
of units and elements in the case pf systems.

"<3
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*

Since the modules form the core of the

roofing types, their availability was critical

for further analysis to be warranted. In

addition, in the case of the systems,

depending on whether elements are to be
purchased or self-built (this is determined
when checking for availability of modules),

different goods and services are required.

Therefore modules availability needed to be

determined prior to checking for availability
of the remaining goods and services i.e. at

the outset.

Equipment largely incorporates additional
equipment required if systems are to be self-

built. This check was therefore placed

directly after modules checking.

Due to the nature of the roofing types
incorporated (i.e. units and systems), skills

required for the roofing types were largely

relatively unskilled. Since unskilled labour is

found in abundance in South Africa,
shortages thereof were not anticipated.

Therefore skills were the last to be

considered.

The tools required were found to be

relatively standard. Materials however

appeared to be potenually location dependant

and thus more critical. Therefore the

checking of material and tools availability

were placed third and fourth respectively.

*

*
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(iv) Final and detailed costing should only progress once

the roofing type had met the criteria discussed above

as well as been accepted by the end-user. o

By considering these points the final layout of the sub-

domains considered when selecting roofing types, was

compiled. (See fig 4.1)

4.3.2 ADDITIONAL REQUIREMENTS OI:. EXPERT SYSTEM AS

IDENT1FIED BY EXPERT AND POTENTIAL END-USERS,

The development process does not necessarily end when an expert

system goes into everyday use. While the system may be useful for

an extended period of time, it may also become dated in that

knowledge may change or become incomplete. (6)

BUILDROQF is not an exception in that the following are

dynamic:

* with new roofing types being developed and

marketed, the database of roofing types may become

incomplete;

the availability and costs of modules, equipment,

materials, tools and skills may change and/or

become incomp. ce and
the draft costs of roofing types may change.

*

o·',.

From discussions held with the IDT (represented by Mr Arrigone)

and ABA, and from observations above, it was decided that a

system solely selecting a roofing type would not be sufficient and

, (/
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realistic to the dynamic environment in which it was to be adopted.

* the ability to enter a new roofing type into the database

without the assistance of the programmer;

the ability to store and update information on the

availability of modules, equipment, materials, tools and

skills and

the ability to update draft costs by manipulating actual

roofing costs returned back into the system.

The following facilities were therefore added:

*

*

The final structure of the bUILDROOF expert system was

therefore as shown in figure 4.2.
'j
j

4.4 UTILISATION OF EXSYSPRO SHELL FACILITIES FOR

MEETING REQIDHEMENTS

l

If BUILDROOF had only needed to incorporate the four roofing types that

it was supplied with for the purpose of this project and the data pertaining

to them had been of a static i.ature, then these roofing types could have

been defined as the choices and a set of rules incorporating data on each

of these roofing types could have been used. However, since requirements

as outlined in section 4.3 specified that BUILDROOF should be

independent of the programmer in accommodating new roofing types and

storing or updating data, the knowledge base had to be structured to allow

,(:A
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tor this. This was achieved by making the rules independent of any

specific roofing type i.e, setting up rules that applied to systems and units

ill general and not a specific system 01' unit. The actual data was stored in
frames and replaced by variabl es in the rules. Thus values corresponding

to these variables, if and when required, could be retrieved from the

frames introduced for storing data, Updating actual data could he achieved

by simply replacing these frame values. In addition, data on new roofing

types could be entered into reserved empty spaces in the frames in order
to be eligible f(~ranalysis.

0,
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These rules could therefore be used for selecting anyone of the roofing

types already included in BUILDROOF. They could also be used for

analysing any new unit or system roofing type introduced on condition that

it's hard core data had been entered into the data frames.

These methods adopted will be discussed further in chapter 5 under the

various sub-domainc and section headings.

!
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s.,STRUCTURE OF BJ]lLDROQF

From the sub-domains and requirements identified and the final BUILD ROOF
structure as outlined in chapter 4, the following options were included In the

BUILDROOF Menu:

L
2.
3.
4.

Run BUILDROOF i.e. selecting a roofing type

Output BUILDROOF run results
Change location

Input of data on availability of modules, equipment, materials, tools

and labour
Data oli:costs returned

Inputting a new roofing ty1
5.
6.

Each of these will be discussed further with regards to the reasoning processes and
the use of variables, qualifiers and frames.

In addition, problem areas identified during the development of BUILDROOF are

discussed.
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5.2

5.1 RUN BUILDROOF

This constitutes the body of the BUILDROOF software package. Running

of BUILDROOF is the option which end-users, wanting information on

roofing types that meet their requirements as well as constraints, will run.

The running of this option can be sub-divided into two major sections,

selection and costing, as depicted in figure 5.10

The first section, Section A, consists of a selection process in which

roofing types not meeting the selection sub-domain criteria as shown in

figure 5.1, are elirnimted.

The second section, section B, consists of relatively detailed costing of

those roofing types that passed through the selection process.

Each of these two sections will be discussed individually.

5.1.1 SECTION A OF RUNNING BUILDROOF

=
10 Since the rules in the knowledge base are universal in that they

apply tc anyone of the roofing types included (as opposed to a set

of rules for each roofing type), a mechanism had to he introduced

whereby the performance of each roofing type in the various sub-

domain checks, could be recorded. This was achieved using i"'

frame as shown in figure 5.2. This frame was used in the following

fashion:



o

!i 0

I
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5.3

Module
Availability

Equipment
Availability "<,

________, \.-:........---- Material
Availability

! Section A:
SELECTION

Tools
AvailabilityExtra

features

j\
Labour

Availability
Climatic
Suitability

Section B:
COSTING

Fiwre 5.1 'Runnin& of BUILDROOF' structure
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A number greater than zero was allocated in the 'CLIM' column of all

those roofing types passing the first sub-domain check i.e. climatic

suitability. Only these roofing types were then eligible for investigating

with regards to the second SUb-domaincheck i.e. extras. This process was

repeated for the all the remaining sub-domains of section A.

+._--+.----_ •...• -_._----- ••__.+••• _-+•••.+._---.+---+----+ .._..+-_._+ •• _--+_._---+--_ .._+
!RS INAME ITYPE ICLIHIEXTRASIFINIMOOsIEQUIP!MATS!TOOLSjLABOURIACCEPTI
=====================:.============================================================;~=====~
11 IEvertile Fast-Frame Unit IUnit 10 10 10 10 10 10 10 Ii) 10
!2 IUSSR [unit 10 10 10 10 10 10 10 10 1013 IConcrete precast troughs ISys 10 10 10 10 10 10 10 10 10
14 lconcrete hollow blocks ISys IQ 10 10 10 10 10 )0 10 10
15 lnew Inew 10 10 to 10 10 :0 10 10 10
16 Inew Inew 10 10 10 10 10 10 10 :0 10
17 Inew Inew 10 10 IQ 10 10 10 10 10 10
18 Inew Inew 10 10 10 10 10 10 10 10 10
19 Inew lnew 10 10 10 10 10 10 Ie 10 10
110 lnew Inew 10 10 10 10 10 10 10 10 10
+--··+···--·-········-··--·----+-----+-··-+---·--0--·+-.--+.-- ••+----+- •.• -+--- ...+...• -.+

Film~e 5.2 Section A frame

r~".0
1

(a) Climatic Suitability

One of the requirements of BUILDROOF was that it should

be suited to cosmopolitan application, This means that every

time the location of the end-user changes, the climatic

suitability of the roofing types in the database to the new

region need to be reassessed (i.e column 'CUM' of the

section A frame), In addition, any new roofing type

introduced to the database also needs to be checked for it's

climatic suitability to the current location.
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5.5

On completion of programming of BUILDROOF,

Bloemhof- Transvaal was selected as the location of the end-

user's home. In steps as are discussed in section 5.3 and

5.6, the suitability of the roofing types in the database to

the climatic region into which Bloemhof falls! were assessed

and stored in the 'CLIM' column of the Section A frame.

For every subsequent run of BUILDROOF thereafter, one

of the two following events would take place:

* If the location remains the same and no extra

roofing types have been added since the previous

run, the climatic suitability of all the roofing types

should remr> static i.e. the 'CLlM' column of the

section A frame will not change. Therefore the rules

applying to the climatic suitability sub-domain will

not be fired, thus avoiding unnecessary time loss.

* If however the end-user has changed the location or

if a new roofing type has been added to the database

in the interim, then on running BUILDROOF again,

the climatic suitability sub-domain rules required to

recheck the full range of roofing types in the

database will be fired. The reassessed suitability of

each roofing type will replace the previous values in

the climatic suitability frame as shown in figure 5.3.

These climatically suitable roofing types (i.e. 'Yes'

in the 'VALUE' column of the climatic suitability

frame) are then allocated a number in the 'CLIM'

column of the Section A frame, thus potentially
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5.6

changing this column. This column will now remain

as is until either a different location is again chosen

or a new roofing type introduced.

In this way, those roofing types to be investigated in the

next selection sub-domain (i.e. extras) will be indicated in
the ICLIM1 column of the section A frame.

+------------------+----------.---------------+---+---------------+
IDATA IN.l\l1.E INO lVALUE=================~==*===~====;=========;==========================
IProvince/Homelancl 10 10 ITransvaal
ICity/Town ;0 0 IBloemhof
IRegion 0 0 ISn10 Evertile Fast-Frame Unit 1 IYes
10 USSR 2 IYes10 Concrete precast troughs 3 lYes
10 Concrete hollow blanks 4 IYes
10 new 5 [new
I0 Inew 6 lnew
I0 Inew 7 Inew
Ia Inew I8 Inew
I0 J new 19 1 new
10 Inew 110 [new+------------------+-------------------------+---+---------------+

Fi2Ure 5.3 .Climatic suitability franl(::

o

(b) Extra features wanted by end:-user

A frame, as shown in figure 5.4, was created to store each
roofing type's details on the extras. The methodology used

in storing this data will be discussed with regards to each

feature.
Ij
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+;~--;~~~~------~-----~-------~7-::::-~-~'-----:~::-:~---i-----------~+-~~--~-----T------~--------+------------+
I I'~ ~:::::~---,-----l~:::~::~_J~~::+-------,------lTEr.lPiCORE iCOAST l~~::~--l~~:::_;:~~~:::.l
~~_=_,~ ,__, __.. . __ [!·!O~,oiDBL OTHER IFl.C IINCL iCONe !BRIC,{S : ,)::-m:R I I I IFAC Imc:.1 SUIT ISPAi~ I
1- _._:::c; ~__ t;_t::_._::::to::;;::..;=;:::~=""'""''=''i''''':_;:;=;:c:=::;='"''::'_;'::~:I:;-...::::~=::::::::=~=:..:::=..::==!c::~==:;:: ....========""'I;'=~=::::========::::======:::::=====t1,_.:=====r:::====a:=::r::===C:.:_=:=;··_,:UI

Evc;rtdo Fast Frc::ne Un1t jN'O .IYeSi,NO lyeSjNO !yes Yes I,Yes IYes IYes No INO No 'Yes, 17. 78 I
2 USSR • .Yes Yes No rNO Yea Yes Yes Yes yes Yes No Yes Yes IYes <20
~ Concrete pr~cast troughs I _as No No INO No IYes Yes No io Yes Yes yes No .'" :5
;; ~~crete ho, l<:lw blocks IYes INo N,~ NO. No lye,S Yes ! No INo Yes Yes YS!! No n~';' j: 2':; I
6 ntow no",) new 01,'>oW Inow nEl.w "'i'W new I new Inew . new now new new new . a
7 n~w new .new new nE:oWne:~ I '1-1 Inew Inew new new new new new new Q
8 new . new new .new neil .n'c..W' new 1new neil neW' new new new new 0
9 ~:~ ne,,: jn:w ne~ Inew n('!w new new II new new new no:m new new new 0
1a ne~ ,nt:w ne~ . new. n" /1 new new :new,' i new new r.e\'l ne.w new new aInew new Inow ne'l Inow m""" new Inew I new Inml Inew new new new new Ia I+----+-------------------------+----+---~-----+ +-----+--- __+ + + + + + L +__ ---+------+

Fi~ure5.4

The: reasoning process is outlined in figure 5.5. The

qualifiers and their values used are documented in table 5.1.

The end-user is first asked whether or not the walls have

been built. Depending on the answer entered, they are then

asked to enter details on spans. If the walls have already

been built then the end-user is asked to enter the width. If

the walls have not yet been built, then the width wanted is

queried, In order to guide the end-user, the largest

allowable span of all the roofing types in the database is

presented on the screen rs a guideline. The value entered by

the: end-user is then checked against the Imaximum

allowable span I as stored in the ispan I column of the ext=s

frame for each roofing type. If this is suitable, then the

f: ;( :~ .' .~':J..
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Gtlttex's or potential.
therefore necessary;'

o

i:'; • T. w.:mtt'd as
tt'mpot"ary hC'JS111q?

G

:ll
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FiBure 5.5 ExtR'asreasoning process continued
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'! C

FEATURE QUALIFIER VALUES I
_j

Svitability Must the roofing type be 1. Yes
Ito extensions suited for EXTENSIONS 2. No

(core-housing) at a later stage? 3. Indifferent

Suitability to Is the roofing type wanted 1. Yes
temporary housing as TEMPORARY 2. No

HOUSING? 3. Indifferent
-'
Inclusion or facilities Is a CEILING or potential 1. Yes
for ceilings therefore necessary? 2. No

3. Indifferent

Inclusion or facilities Are GUTTERS or 1. Yes
for gutters potential therefore 2. No

necessary? 3. Indifferent

Slope of roof Which PITCH would you 1. Mono pitch
like for your roofing type? 2. Double

pitch
3. Other
4. Any of the
above...__ ---

Suitability to walling Have your WALLS 1. Yes
material already been built? 2. No

What WALLING 1. Concrete blocks
MATERIAL are you 2. Bricks
planning to use? 3. Sheeting,

cardboard etc.

What WALLING Same as above
MATERIAL has been
used'?

Suitability to coastal Is the site of your home... 1. further than
regions 15km from the coast

2. closer than 15km
from the coast

l
Table 5.1 Qualifiers and valG~s used for EXTRAS check
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end-user is asked to indicate which of the walling materials

were or are to be used. The answer entered is then checked

against the suitability as stored in the extras frame.

The pitch type selected by the end-user is checked against

each roofing type's suitability to it.

Only if affirmative responses are entered for ceiling ant!

gutters extras, will each roofing type be checked.

The end-user is asked directly as to whether they want a

roofing type which is suited to temporary housing. Only if

a positive response is entered, will the niles checking for

the suitability of each roofing type to this requirement, be

fired.
The check for suitability to extensions is similar to this.

(~:~'
to

Of the 12 regions that South Africa is divided into for

climatic analysis, 5 incorporate stretches along the coast. If

the region, as stored in the climatic suitability frame, is one
of the 5 coastal regions then the end-user will be asked to

enter their distance from the coast. Only if the distance

entered is critical (i.e. if the location is less than 15
kilometres from the coast), will the rules checking each
roofing type's suitability to coastal areas be fired and those

found not to be suited, as shown in the extras frame, be
eliminated.

o
Roofing types meeting the features required as defined by

the end-user, are allocated a number in the extras column

of the SECTION A frame and are therefore eligible to be
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investigated further in the next selectien sub-domain i.e,

draft costing.

(c) Draft costing test

In order to avoid investigating a roofing type felly 0'1:. to

discover at the end that it is unaffordable to the end-user, it

was decided to check the approximate affordability of a

roofing type at this point.

Due to different end-user scenarios it was decided that the

roofing type costs, against which affordability is to be

measured, should be estimated for a few of these scenarios.

In the case of Units, three costs were calculated for each

sub-unit (design or shape). Since end-user costs are

dependant on who the sub-unit is erected by, the draft costs

were calculated as a function of three potential end-user

statuses i.e. self-builders, artisans and small scale

contractors, (See Appendix Al and A2).

(~
o

Itwas felt that the main factor contributing to the difference

in costs of systems will be whether the systems are being

purchased or self-built. Therefore these two scenarios were

considered and costed for. (See Appendix A3 and A4).

These initial approximate costs wert" ')btained from the

• expert in each roofing type. Ir ase of units, the

contractors costs were approximated to be the lowest.

Reasons given for this assumption were their improved

access to goods, materials and technical expertise. In

addition their improved position when negotiating prices
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due to the larger quantities in which they employ these

goods, materials and skills.

Experts approximated that purchasing the systems elements

as apposed to self-building would translate into a roughly

20% markup.

Due to their very nature, the manner in which this draft

affordability check is handled, differs for units and systems:

Only the first sub-unit of each Unit's roofing type, as built

by 2;. contractor, is checked for affordability. Contractors

predicted costs were the lowest and since the sub-units were

entered in increasing sizes, it will be the smallest and

the; efore the cheapest. Therefore, if this one passes there is

a chance that others may too, whereas if it fails, so will all

others. This is illustrated in figure 5.6.

(I
Ii

The units frame, as shown in figure 5.7, contains the

approximate cost details of the sub-units.

l

In the case of systems, affordability is measured by the

number of elements and thus the area that can be afforded.

The cost per element is taken as the cheapest of the two

costs i.e. the self-building cost. This area is proposed to the

end-user and the end-user is given the option of either

rejecting or accepting the proposal as shown in figure 5.6.

Due to EXSYSPro's inability to truncate or round off a

variable's value, the values of these areas are more often

than not represented as having many decimal places. This

is both inappropriate and unnecessary.
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Roof Type
(!a':',lJgury

~EM

Finances available>
smallest sub-unit?

Query acceptability
of affordable area

Roofing Type fails
draft costing teat

~o

Unit I System
has passed initial
draft coating rest

Roofing Type fails
draft costing teat

Figure 5.6 Draft cost~ilgreasonin~ process

+---+-----+-------------------------+---+-------+---------------+-----+---+------- -------------+
f RS IUNIT ImUT_tltHE INO j maT_NO ImI!1'_'l'Yl?E Ii\REA IUH IC;OST I
I I I 1 I I I I +------- ~------+------+
: I I I I I I I ISEf.F I!\.RT ICONT I

l

11 11 IEvertile Fast-Frome Unit 11 11 IEFU T40 140 Ir12 1%95 I9413u j9270
11 \1 IEvertile F'ast-!;'rame Unit 12 12 IEFU T50 ISO 1m2 11G985 110750 110510
11 11 IEvertilr. I"ast-Frarr!e Unit 13 13 IEFU T40+T15 155 1m2 112725 112450 112175
11 11 IEvertile Fast-Frame Unit 14 14 IEFll T60 160 1m2 112290 112()25 111755
11 11 IEv,'_r.Ule Fast-Frame Unit 15 15 IEFU T50+T15 165 1m2 !14020 113715 113410
il 11 IEJertile Fast-Frame Unit 16 16 IEFU '1'70 170 1m2 113635 1133,10 113045
11 I' IEvcrtile Fast-Frame Unit 17 17 IEFO T40+2*T15 170 1m2 ! 1576G 115420 115075
11 11 IEvertile Fast-Frame Unit 18 18 IBFU '1'6(1+'1'1') 175 1m2 115'325 114990 114660
II 11 IEvertile Fast-Frail'''' Unit 19 19 Igm T50~2*T15 I!lO 1m2 117055 116685 116315
11 11 IEvertile Fast-Frome! Unit PO 110 1EFU T70+'l'15 lS5 !m2 116670 I: fi31 0 115945
11 11 IEvertile Fast-Frame Uni!; 111 111 IEFO T60+~*'l'15 j90 InI~ 118360 117960 117560
11 11 IEverdle Fast-Frame Unit 11~ 112 IEFU 'f70+2"1'1 '5 1100 IIn7- 119705 119275 118850
+---+-----+--- .•------------------ ---+---+-------1,---------------+-----+---+----,---+------+------+

Filrur~5.7 EFU Units frame
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Figure 5.8 shows the systems' frame containing the two

costs of each element.

+---+-----+-------------------------+-----+---+ ..-------------+
IRS ISYS ISYS_NAME IARtA IUN ICOST I
I I +-------+-------+
I I ISELF IPUReH I====~===~===~===~===========================:=~=:=~~=~~========
13 P
14 12
10 13
10 14
10 15
10 16

Iconc~ete precast troughs 11.2251m2 140.70
Iconcrete hollow blocks 10.8151m2 155.58
lnew 101m2 10
l"ew 101m2 10
Inew 101m2 10
Inew 101m2 10

148.80
166.10
10
10
10
)0

+---+-----+-------------------------+-----+---+-------+-------+

(:::'"
jo

11L

I
,j ~ '.,. ,.~"" .>"' __ ~.,.._. _. "'_'_~",,~,.' '~", .,_;.· ..... c,·.,~;-r, ...... *'.",,_,.,.,",.~._""'''" ...,".,.,...,....,,..___,,,,~'7.,-_~~·,"··""··.~',_,.;..... O' . ..".

Fitrure 5.8 Systems frame

The first approximate costs (as stored in the units and

systems frames) are subject to error depending on

assumptions undertaken by the expert in costing the roofmg

type. In attempting to compensate. for this, two steps were

taken:

* A variability factor of 10% was applied to

affcrdability (i.e. roofing types which cost up to

10% higher than the end-user's finance available,

will still pass this stage).

BUILDROOF has a facility which enables end-users

who have run BUILDROOF , obtained predicted

costs and then actually built it, to input the actual

costs versus predicted costs. In this way the values

used in the first affordability test can be gradually

*
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updated to be more representative of actual costs.

(See section 5.5 (i)

Those rooting types that have passed all the previous stages

are thus checked for approximate affordability in either of

the two methods discussed above, depending on whether

they are of type systems or units.

(d) Availability of goods and services

In the following five sub-domains, the availability of the

following goods and services required for each roofing type

is queried of the end-user:

* modules

* equipment

* materials

* tools and

* labour

The methodology used in querying this in:17ormation will be

discussed.

o

The availability (unlike the detailed costing of required

goods and services which follows in section B) is not asked

in a very detailed form, since the only object of asking this

data at this stage is to find out whether the services and

goods, required for the roofing types that have been

channelled down, are actually available, and therefore

whether it is worthwhile investigating a particular roofing

type further or not.
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Itwas decided to keep records of any available suppliers of

goods or services. A 'supplier' frame as shown in figure

5.9 was created to store data on the supplier availability ana

'Information frames' were created to store the particulars of

suppliers where they are available. (See section 5.4 for

more details).

'Goods and services required I frames, as shown for tools

required for units in figure 5.10, were created to store data

on which goods and services are required for each roofing

type.

(i) 'Supplier' frame

The supplier frame, as shown in figure 5.9, keeps track of

the following information for each goods or service:

(:~
l

10
j

< > '*_NAJ\.' . column for the goods or service name

e.g. TL_NAME for tool names;

< > '*_SUP' column to keep track of whether details of

any suppliers are available in the 'information'

frames. A '1' indicates that details on at least one

supplier are available in the corresponding

information frame while a '0' indicates that no

suppliers are available.

< > '*_NEW' column with two sub columns i.e. 'Y' a.~
'N' are used to store newly acquired, end-user

specific information on availability, obtained from

the current end-user. A '1' in either of these

columns indicates that the end-user has already been

queried as to the availability of particular goods or

services and has answered as indicated.
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Data will only be asked (for the purposes of storing

in these sub-columns) if the 1*_SUP'~olumn is equal

to zero i.e. if no details are yet available on

suppliers.

+---+----- ...--------------- ......_--_...--,.........-_..._----_...----- .....-....-- ...-----------------+-------.~-------- ..------ .._-------------------------+
:rn 11'OJts :Ll\ro.JR !t·k\Tf::~rxrs

+...--------_ ....
__ 'M'" __ +__ ...___ ...+ ............. _+ ___ ...._____ .. __ ...__ .. __ .._+ __ ~.....__ +-- ..._____ .....___ ..............__ ..___ .__ ..................__ +______--'t-- ...--"'-f ________+

:TL_tUJ.!E: ;'11'_ ~IP i'I'L._~:E'v1 :U~_J~flJ.IE : LP.B _SOP: UB _nt<l·J ;nATJL"!-~ :t;tHT :UAT_StJP ~t·1.~T_NEl: :
+---+---+ + .•_-.,. ............... +- ...-+ ......- ..+
:v iH : :'l :[1 :1 :N

."" •• "'="" ....."". ;:1:111." == :;==:;:=.,..,. \ &111==::' ttl:'":;= ~.:::="'-= :a "-,:;:.:: a: ,...... c c .. "';:: y:",:..~toI:;,~ '" '" s.;;UI:U:II:;.ab;=::a=';:C_';:l "" .:3 ... = "'''' -~a:.:::;_" ::: ~=.::c .. co:;"".,.;: l.< :.;...,e~l:n.n" "".. ",a;::==:;: ~J::l === ::Z=Z:;'::U::. '", IJI", c::::=

:1 !mJ Lifing J:·:k :0 :G :0 :Unsltilh ..d :1 :0 lD :tJJ.t2r ll itres !1 :0 :0
12 : Spade :1 :0 IO :Skilh::d ;1 :0 :0 :Cuf..:.:nt h 3 :1 :0 :0
i3 !HaI!'II1'ier i1 :0 :0 : new :0 :0 :0 :sand :m3 :0 :0 :0
:4 :Shifting Spanner :0 :0 :0 incH !O ic :0 lReinfcrcincr L-lr,,··4~rn [m :1 :0 :0
:5 [Dr i l ] ing mach ine :0 :0 :0 :HCCW :0 :0 :0 : Rt~inf ',.Ire! n'] l:.~ts-3 .3!1'~'n [m :1 :0 :0
:6 :FOp P.iv£!tQt :0 :0 :0 ~nei'l ;D :0 :0 :(~ra\Tel ( 18-2:'n",) :rn3 :0 :0 :0
17 ;'~l",~lbdrrOl' :1 :0 :0 !nE-t'J Hl ;0 in'",! y.::Ur;1 one shE;:c:tir.a :m2 :1 :0 to
:13 iTra-/f,l :0 :0 :0 :nGH :0 :0 ' 0 :Uitw;,,:;;n :ctn3 11 :0 :0,":9 [Leve l :0 :0 :0 :n(;w :-J ~I) :0 ~n".!ir,f;;'·';lt:1J00<0;-6:m_ :m :1 10 :0
:10 :new :0 :0 :0 !nEH :0 ~O :0 :I'.einfo!'c.ir.'J }::a1'8"'4 ..Smm ~M :1 :0 10
:11 :r;~w :0 :0 :0 Ir.€:H :0 :0 :0 :t'J~ld fTi"S~, re inf !:,~.O?8 !rr2 :0 :0 :C
:12 !ncw ;0 :0 10 ~new :0 :0 :0 ;~~tC:;l: ;"l!~nm} :ITl3 :0 :0 :0
:13 :n~ :0 :0 ;0 :nl;;H :0 10 :0 i'!'h£n i;(:.l-,'e:;ter f ibi e matt!mt. :0 10 :0
~14 ~new :0 :0 fO !m:.:w :0 10 :0 :P.1int Ditl"C3 :0 :0 :0
:15 :neH :0 :0 :0 !new :0 10 :0 :nt~H :0 10 10 :0
t---+---- ---- ...-- ...-- ...-- --- +- .....- .._...i----+- __+_ ,---- --- -- ----- -- - .. -+ ......-- ---+-- _.t- .. - .. -+ -- -- - - --- ~.......------ ..-- _- -+ - ..--- __+ _______ +___ + -- __ of.

Figure 5.9 Supplier frame showinl: details for tools,

labour and materials only

Note: Since columns pertaining to the last point

above are end-user specific, they are cleared at the

end of each BUILDROOF run.o

'L
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(ii) '(loads and services required' frameu

Requirements 0; each goods or service required for

each sub-unit and system is stored. Units and

systems are dealt with separately.

In the case of systems, different values apply

depending on whether the system's elements are to

b~ self-built (5) or purchased (B).

Table 5.2 indicates the data stored for each goods or

service.

~OODS OR SERVICE

!lours

x

TIME REOD NO. REOD QUANTI TY REOO
(Volume, mass etc.)

Days

x

ModulesIr-------------'!r-----~------~------------_,-----------,---
Equipment
Materials x

Table 5.2 Data stored in 'goods and services required'
frames

l
Figure 5.10 is a frame of tools required for units.

Tools are represented by numbers (as apposed to

their actual name) since frame heading rows cannot

be accessed from an EXSYSP run. The actual name
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is stored in the supplier frame corresponding to the

tool number (See figure 5.9). This makes it possible

for anew tool name to be entered (if necessary)

with a new roofing type.

H, D and N refer to hours, days and numbers of

tools required respectively. This corresponds to table

5.2 details.

'rhe method whereby these values are calculated is

discussed in section 5.6.2.

+ ..... ,; +« - .... ...-_ ..._ .. ....... __ .... +_ ... ...__ +__ ....... ..... _ ......'..... _ ....... _ k_ --I""''' • ~__ ............__ ..._.. .... .. ... .....+

+_ - .. -- -_ +..- - ~-- "' -.~ - -,~+-.~..- -- __ +--- -_ -- _-+-----------+
[1 :4 :5 :6
.... __ + ro __ +_ >t., _ .. - + __ .. + _ _..c. -- _+ ---+ ---+ + + +_ .. _+ + +
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Fieure 5.10 'Tools required for units' frame

In order to clarify the process, an explanation of the

reasoning process is documented. Figure 5.11

represents a graphical representation thereof.
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(1) Availability of Tools

Tool availability for the first roofing type having

passed the previous sub-domain' scheck i.e. draft

costing will be investigated first. Depending on

whether it is a system or a unit, it will investigate

either the SY._TOOLS tools required frame

(systems) or UN_TOOLS tools required L""me

(units).

L

In the case of syst=ns the end-user will have

selected one of two options within the availability of

modules sub-domain (which is discvssed in (b) i.e.

self-building versus buying. Different goods and

services are required depending on the choice made

here. The rules then check each tool as to whether

they are rc juired by checking the number of hours

they are required from the relevant goods frame i.e.

column' IS.H' in the SY_TOOLS frame denotes the

number of hours that tool #1 is required if self-

building the system. If the number is zero, then the

tool is not required and therefore the next tool is

checked. However, if the value is greater than zero

then the' tool is required. Since the only object of

this section is the querying of availability, the

program first checks whether a supplier is available

by checking the 'TL_SUP' column of the supplier

frame. If the figure in this column is 1, then details

of at least one supplier are available from the

information frames and so the next tool is checked.

0''''(' --'_"

I

10
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(This does not however restrict the end-user to

making use of these suppliers whose details are
stored when entering data for detailed costing in

Section B. Itmerely prevents querying the end-user

when details on a supplier are already known).

If a zero appears in this column i.e, no information

on a supplier is available in the information frames

then the 'TL_NEW' column, which is used to store
end-user specific data on availability, is checked.

Three potential scenarios exist:

* The tool was required for a previous roofing

type and the end-user has already answered

positively to availability of this tool. In this
case a 'I' will be stored in the 'Y' sub-

column. This will thus prevent querying the

end-user again since the end-user has already
indicated that he/she has access to such a

tool. The rules fired for checking on

availability of tools will therefore be cleared.

The variables are replaced with the details of
the next tool required for the current roofing

type, so as to check it next. This process is

repeated until all tools have been checked.

* The tool was required for a previous roofing

type and the end-user has already answered

negatively to availability of this tool, In this
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case a I i' will have been stored in the 'N'

sub-column. The current roofing type will

thus automatically fail it's tool test and

therefore will not be elligible for further

investigation. A zero will be stored in the

TOOL~ column of the SECTION A frame

indicating that this roofing type is not

elligible for further investigation. The

investigation will move onto the testing for

availability of the tools of the next roofing

type.

* The end-user has not yet been asked as to

availability of the tool in which case both

sub-columns will contain zero's. In this case,

the end-user will be directly queried as to

availability of the tool using a qualifier ,"ith

only two values e.g.

;::~':.~

I
I

o

.1

lsiAre hammers available to you?

1. Yes

2. No

Depending on the value entered, any
one of the two paths as just outlined in

(1) and (2) will be fallowed.
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Only once all the tools for all the roofing

types that were channeled down for further

investigating have been analysed, will the
next goods or service be analysed. This
decision was taken so as to F'te,,;':~tjumping

around from one good or service to another

only to return every time a new roofing type

is analysed.

o

L

(2) Availability of modules

In the case of checking for the availabilty of
modules, a slightly different approach is taken:

Since only one module type is required per roofing
type and since the roofing types are numbered, the

module type required for each roofing type was

allocated the icofing type's number. The rules

checking each roofing type for module availability

were thus structured to only check the column of the

'modules required frame' corresponding to the
number of the roofing type. This eliminated the

unnecessary process of checking all the module
columns as was necessary for tools. Figure 5.12

depicts the reasoning process adopted for the modnie
checking sub-domain.In the case of UNITS, for 'the

purposes of this sub-domain check, only the

availability of the module type (building blocks type)

required. for each unit is checked ~NO'r individual
building blocks e.g. USSR building blocks as

apposed to a specific building block e.g, the

1\

.(-.. )~.r: '. :
, _l

j

10
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USSR15 building block. The assumption was made

that if the units were available, then all (he

individual building blocks corresponding to that unit

wou' J be available.In the case of SYSTEMS, the

availability of suppliers of elements is checked from

the supplier frame. If a supplier exists, then rules

will be fired so as to move onto the modules check

of the next roofing type. If no supplier of the

building blocks exists, then the end-user is queried

as to whether they are interested in investigating the

possibility of constructing the building blocks

themselves. Depending on the reply, the system will

either be investigated further or scrapped. In the

case where the system is to be investigated further,

the choice which was made (i.e self construction vs.

purchasing) is stored in the 'modules required for

systems frame' i.e, 'S' for self-build and 'BI for

purchase. This is important since the equipment.

materials, tools and labour on which the end-user is

to be queried in the following stages, will obviously

be dependent on this choice.

o
This is the reason why the availability of modules is

the first to be checked and equipment (goods

required if system's elements are self-built but

excluding materials, tools and skills) the second.

'0 Although draft costs of 'purchased' and 'self-built'

elements are stored in the systems frame (fig 5.8),

for the draft affordability check (see section
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5.1.1(iii», the assumption was made \~at the end-

user was self building the elements. This was the

cheapest and therefore the most lenient assumption

to make at this point. However, by now the choice

of how the elements are to be obtained will have

been made. It could therefore be of some benefit to

recheck approximate affordability of the systems at

this stage.

(3) Availability of equipment, materials and labour

These are similar to the availability of tools section

discussed above.

(e) Acceplability- of roofing types

All those rooting types that have passed the previous

sub-module checks are now presented to the end-

user. The end-user is asked to select (with the aid of

a _visual-guide if necessary) and indicate which

roofing types they would like to investigate further.

A similar draft affordability for all the different

shapes/designs (sub-units) of each UNITS Roofing

type is undertaken in which the end-user is asked to

select those which they find acceptable from within

the list of affordable sub-units,

L
This completes SECTION A of running

BUILDROOF, as indicated in figure 5.1.

ii 0
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5.1.2 SECTION B OF RUNNING BUILDF~OOF

r":"'l! "

!O

In this section, a more detailed costing of all those roofing types

.that were channelled down through Section A, is undertaken. This

costing is done for each sub-unit in the case of a UNIT roofing

type and each element in the case of a SYSTEM roofing type.

Before this detailed costing commences though, an approximate

affordability check is again carried out. This check however varies

from that carried out earlier (see section 5.1.1 (iii) - Draft costing

test) in that each sub-unit is now checked and the end-user class

(i.e. self built, artisan or contractor) is considered in the check.

Since the availability of the goods and services required for each

of the roofing types now being considered has already been

verified, only the actual mode of availability and costs thereof stili

need to be identified. The mode of availability is queried using the

qualifiers and values listed in table 5.3. All of these qualifiers offer

as one of their values 'NOT KNOWN - INFO REQUIRED'. This

option allows the end-user to view the 'information' frame, as

discussed in sections 5.1. 1(iv) and 5.4, corresponding to the good

or service currently being queried about. An example of such an

information frame (in this case for hammers) appears in figure

5.13. If suppliers are available, then information on where the

goods or services are available from, the mode of availability and

at what charge can be conveyed to the end-user. The end-user then

returns to the qualiiier-value options and selects the relevant mode

of availability. Depending on what value of the qualifier is selected,

rules querying the costs involved (if any) will be fired. If the value

rentable, was entered, then the end-user will be asked as to whether

it is on a daily or hourly basis.

'i 0

l
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Each time information is obtained in this costing section regarding

the mode of availability chosen by the end-user for a certain good
or service, it is stored in an end-user specific frame. Before

querying the end-user on the mode of availability of any goods or
services, this frame is chec'ed. If data is available on the

availability as already identified by the end-user, it will be used as

opposed to querying the end-user again unneccessarily. Since this
data is end-user specific, the frames are cleared at the end of each
BUILJ)ROOF run.

NOTE: (1) A zero(O) in these col~nns represents no availability
(2) All prices/costs in Rands and Cents

+.-.+ .._-------------+--------------------+-------+-------------+--------+
INO I NAME OF ADDRESS OF ICONTACTIREN1'ALCOSTS ISELLING I

[ SUPPLIER SUPPLIER [NUMBER +------+------+ PRICE I
[ [ [DAILY I HOURlY [ 1===~=================:==;===================~~===========================

[1 [Tools galore [Plot 401 [0 [7.00 [1.50 125.00
12 [Simon Spader [342 Ngoia Street [0 [7.00 [2.20 [26.99
13 [Henry'S Hardwarel1 Antad Street [0 [0 10 123.89
[4 [--- [--- 10 [0 [0 [0
[5 [--- 1--- [0 [0 [0 [0
16 1--- 1--- [0 [0 10 [0
[7 [--- [--- [0 [0 [0 [0
[8 [--- [--- [0 [0 [0 [0 I

+---+---------_._----+----------_ .._---_._+-----."+------+----.-+--------+

(~
10 Fi2Ure 5.13 Information screen

o
In this way the total cost of each goods or service is calculated

from both these costs as wen as the requirements of that good or
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I GOODS OR I QUALIFIER I VALUES' ]..SERVICE

I Modules [[MOD NaMEl] is/are * owned or obtainable freE of ch3rge
I * purchaseabl.eI

I * not obtainable

I

* NOT KNOWN - INFO REQUIRED
Equipment [[EQUIP NOMEJ3/s is/are * owned or obtainable free of charge

I
* purchaseable
* rentable
* not obtainable
* NOT KNOYN - INFO REQUIRED

MatE:rials [[MAT NCHEll/s is/are .,owned or obtainable free of charge
* purchaseable
.,not obtainable
.,NOT KNOYN • INFO REQUIRED

Tools Is/are a/any r(TooL NO~'El]/s: .,owned or borrowable i.e. zero cost
.,purchaseable
.,rentable
.,r.otobtainable
.,NOT KNOWN - INFO REQuIRED

Labour [[LAB NOME]] tabourers ar~ * obtainable free of charge
.,rentabte
* not obtainable
.,NOT KNOWN - INFO REQUIRED I

Table 5.3 Qualifiers and values used for costing goods and services
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service (stored in the goods and services required frames e.g figure

5.10 - tools required for units frame).

At the end of this section ali sub-units and system building blocks

will have been priced. Again a 10% variability factor is applied. If

affordable, the individual costs of modules, equipment, materials,

tools and labour are then stored ready for output.

In the case of SYSTEMS, the costs that have been calculated are

per building block. Thus once again an affordable area is proposed

to the end-user. If this is accepted, then the costs are stored ready

for output.

Note: Factors as discussed in section 5.5 (ii) are applied to these

costs to compensate for miscellaneous costs.

L
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5.2 OUTPUTBUILDRi)OFRUNRESULTS

This option sends costs stored from the BUILDROOF run to the screen.

The total cost is split up into the five categories i.e modules, equipment,
materials, tools and labour. In this way the final predicted costs for all the

roofing types, be they sub-units or systems, which passed all the steps can

be viewed by the end-user.

F
I

! 10
.'

'L
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5.3 CHANGE I-IOCATION

As discussed in section 5.1, the location in which the roofing type is to be

used is vital when assessing the climatic suitabil.t, of roofing types.

This menu option allows the end-user! if necessary. to change the location

and therefore repeat the process of reassessing the sultability of each

roofing type to the new location.

In order to be able to do this though, formal climatic regions b,adto be

identified. Several weather stations exist for which data has been collected,

In order to break-down this immense amount of information it was decided
to sub-divide South Africa into climatic regions. Several climatic
classifications exist which have been devised for broad geographical

purposes. A very comprehensive effort in that direction was made by
Koppen(29)whose classification, which is based mainly on temperature and

precipitation, has, found widespread appeal by many including the South
African Weather Bureau. Using the Koppen classification, the Weather

Bureau has suh..divided South Africa into 12 regions. (See Appendix D for
further details).

o
The towns in which weather stations exist, together with their

corresponding climatic region, were stored in their province/homeland
frames.

()
A frame, as shown in figure 5.14, containing the suitability of each roofing

type to each of the 12 climatic regions is used to store this data.
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Climaticregio;,s

Roofing types+-...+- ..----+----+----+----+-- ..+------INo IRegion 11 12 13 14 15
=====:-:===:::::==:'================::::========
11 'w 'Yes 'No 'Yes 'NC! 'new'2 Isn INo IUo lYe:;IYes Inew
13 IK IYes IYes IYes IYes Inew etc.14 IA INo IYes IYes !Yes Inew

, I 'etc. I ,

J?i~re 5.14 Frame storine sultabiIity of.
each roofine type to each re2ion

On selecting this menu option, the current location is displayed,

and the end-user is asked whether they wish to change the location.

If they choose to do so, a list of provinces, homelands and states

is presented to the end-user and the end-user is asked to select

one. Having done this, the main towns/cities of that

province/homeland/state will be presented and the end-user is asked

to select the city or town closest to the location in which the house

is to be built. In order to avoid potential end-user errors in

spelling, each city or town was allocated a number and the end-user

is requested to enter this number as opposed to typing in the name.

The climatic region into which the city/town chosen falls is

extracted from the province/homeland data frames. The suitability

of each roofing type in the data base to the new location is obtained

from the roofing system climaue suitability frame as shown in

figure 5.14. (The method by which the suitability of each roofing

type to each region is assessed, is described in section 5,6).
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These values are then stored in the climatic suitabif.ty frame shown

in figure 5.3.

In this way, the climatic suitability of the roofing types in the
databases to the new location, are reassessed and updated.



5.4 INPUT OF DATA ON AVAILABII..ITY OF MODULES,
EOUIPMENT, MATERIALS, TOOI.JSAND LABOUR

This option should ideally be executed by the operator and allows the
operator to store details of availability and where applicable, details of
suppliers of goods and services. Thill storage of data involves updating the

following frames:

0) The 'supplier frame' as discussed in section 5.1.1 (v)

(ii) The 'information frames' as discussed in section 5.1.1 (v)

The operator is queried as to which (If the goods or services they wish to

enter data on i.e. modules, equipment, materials, tools or labour and then
more specifically the actual goods or service e.g. drilling machine from

tools.

Once these have been selected, the relevant information frame is sent to
the screen. The operator is asked to select the line in which the details of
the new supplier are to be entered. Details on the supplier, costs etc. are

then queried of the operator. These details are stored in the relevant

'information frame' and the supplier frame's *_SUP column is updated to
indicate that details of at least one supplier are now available.

o

The approach adopted by allowing this flexibility in positioning the details

was chosen for simplicity and convenience since it makes it possible to
replace a supplier who is no longer available as well as to add a supplier

onto the existing list without having nokeep unnecessary records on exactly

how many suppliers are already stored in the frame and therefore on which
line the new supplier's details can be stored.
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Since frames cannot be created from within an EXSYSPro run, empty

'information frames I were created at the outset so as to be available when

required. The number of frames created corresponded with the number of

information items allowed, as discussed in section 5.6.1. The ability to

write data to outside of the frames could potentially have increased user

friendliness. This was however not possible from within EXSYSPro.

This facility thus offers a way in which any member of a community can

advertise any goods or services that they can offer. It also encourages

competition amongst fellow suppliers.
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5.5 DATA ON ACTUAL COSTS RETURNED

This option updates two values:

(i) Every time a new roofing type is introduced into

BUILDROOF, an 'approximate' cost (as calculated by the

expert), is entered. This cost is used for the draft costing

check as discussed in section 5.1 (iii).

(ii) The total predicted cost of a roofing type as calculated in

Section B is made up of five sub-costs i.e. modules)

equipment, materials, tools and labour costs. In attempting

to eliminate the difference between the predicted costs (3.8

calculated during the BUILDROOF run) and the actual

costs, factors accounting for miscellaneous costs are applied

to each of these calculated sub-costs. In this way, cost

predictions made during BUILDROOF runs should become

progressively more accurate each time data is returned.

(~
!

10

It was felt that costs and factors (accounting for miscellaneous c08tS)

mentioned above, would differ depending on the end-user' s category.

Therefore a set of factors and approximate costs is kept for each end-user

category of each roofing type.

ii 0

Updating of the 'approximate costs' and the factors relies on end-users,

who have run BUILDROOF (obtained predicted costs) and then built it

(obtained actual costs), returning required data.
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Predicted costs are displayed on the end-user' s request once RUILDROOF
has been run. Since the factors applied during the run will be required for

calculating the new updated factors when and if data is returned, these
factors are stored in a frame and a run number, relating to the storage

place of the factors, is issued to the end-user. On returning data the end-

user will be asked for this run number and the required data on factors
applied at the time of running BUILDROOF can thus be retrieved. Dates
of all three occurrences are queried of the end-user, that is:

* the running of BUILDROOF
the actual building of the roof and

the returning of the data
*
*

These dates are required for the purposes of deflating and inflating the
actual costs as is discussed later. (For the sake of convenience inflation has
been assumed at 15%).

The methodology used in updating costs and factors is as follows:

5.5.1 UPDATING DR.t.\FT COSTS

(~:~

1
0

In updating the draft cost) an average is taken between the stored
draft cost (as stored at the time of returning data) and the actual

(inflated to it's current value) cost incurred by the end-user.

In the case of the first set of data being returned, this inflated
actual cost is given a weighting of 1 together with the weighting of
1 also given to the initial draft cost entered by the expert.

However. every set of data entered thereafter is given a weighting

of 1 together with the weighting of 5 given to the most recently
updated cost.

\~
i
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5.5.2 UPDATING SUB-COST FACTORS.

Had the predicted cost been accurate, then the actual cost deflated

to the time of running BUILDROOF should be the same as the

predicted cost. Failure to comply with this indicates that the factor

applied at the time was erroneous. In this case, the factor used at

the time of the run (and which was stored) will be corrected and

used to update the current cost factors. This updating of current

cost factors is done by taking an average between the current cost

factors and the corrected cost factor used at the time of the run.

Similarly to the updating of costs, in the case of the first set of data

being returned, the corrected cost factor is given a weighting of 1

together with the weighting of 1 also given to the initial cost factor

entered (the initial factors value which will have been set at one).

When updating the factr= thereafter, every new corrected cost

factor calculated is given a weighting of 1 together with the

weighting of 5 given to the most recently calculated and stored cost

factor at the time of returning data.

It was decided to give values from new data (for both factors and costs) -

with the exception of the first value - a lower weighting so as to minimise

the possibility of a single faulty value causing large errors.

In order to clarify the methodology described above, an example follows:

{
'10
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Assume Joe, a contractor, has used the BUILDROOF package to
select a roofing type for a house which he is building.

In January 1992, he ran BUILDROOF. The total modules cost
calculated during the run was R1OOO.OO.The modules factor for a
contractor for the roof type selected at the time was 1.05. Applying
this factor increased Joe's predicted cost for modules to

::: RlOOO.OOx 1.05
::: R1050.00

In Apri11992, Joe constructed his roof. The actual cost incurred was
R1150.00. R1150.00 deflated from April back to January

= R1150.00 x (1.15)~·25
= RIlIO.51

This shows that the initial factor applied did not fully account for all
fl'liscellaneous costs.

In July 1992, Joe returned the data back to the package. The actual
cost incurred is used to update the cost and factor.
The actual cost incurred inflated to current costs

::: R1150.00 X (1.15)°·25
= R1l90.89

Assuming that this set of data is not the first to be returned, this value
gets a weighting of 1 and the most updated cost value at the time of
returning the data (say R1140.00), a weighting of 5.

Thus,

(:::~

10
NewPactor = 1,11 + 5*1.12 = 1.12

6

This process is repeated for all the sub-costs. The sum of these snb-
costs is stored as the most up to date approximate cost and is used for
draft testing the next run.

The factor applied to Joe's modules cost (i.e. 1.05) at the time of
running is corrected as follows:

1110.5111050 x 1.05
= 1.11
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Assuming again that this set of data is not the first to be returned, this
new factor gets a weighting of 1 and the most updated factor at the
current time (say 1.12), a weighting of 5.
Thus,

,
NewCost _ 1190.89 + 5*1140 = 1148.48

6

This process is repeated for all the sub-costs. The factors are stored
as the most up to date approximate factors and are applied to the next
runs costs.

In this way fac- .r. can be updated and more accurate draft costs can be
calculated. Figure 5.15 outlines the manipulation of these cost factors and

costs.

.~
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5.6 INPUTTING A NEW ROOFING TYPE

This allows BUILDROOF's database of roofing types to be expanded

upon, thus allowing any roofing types (of a units or systems nature) that

have not already been included as well as new rooting types that may be

developed in the future to be incorporated. This therefore make

BUILDROOF independent of the original developer when adding a new

roofing type (for systems and units only at this stage).

This option is carried out by merely supplying answers to questions. as

queried by the package and should ideally be done by an 'expert' in the

new roofing type.

5.6.1 DATA SPACE ALLOCATION

o

EXSYSPro does not allow a new frame to be created during a run

nor an existing frame to be expanded upon. For this reason, it was
necessary to select the amount of space that would be allocated for

data storage relating to new roofing types. Although no exact

philosophy was used in deciding the amounts as tabulated in table

5.4, the four roofing types entered did offer guidelines in the ratios

of space (for related data) to allow in relation to the number of

roofing types. (The number of which was decided upon at the

outset as 10).

"0 This space was thus created and that of which is still available can

be identified by the 'new' stored in it until it is required. It is into
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these spaces that the data, related to a new rooting type, will be

stored.

Nunber

1. Maximum number of roufing types
Therefol'e total number module ranges
e.g. USSR, Concrete blocks etc.

2. Maximum numher of systems

3.1 ~umLer of units
3.2 Number of sub-units (i.e. shapes)
3.3 Number of units' sub-modules I ouildil1g

blocks

4. Number of equipment
5. Number of materials
6. Number of tools
7. Number of labour types

8. NuOber of lines in 'information
frames' for supplier details

x 10

x 6

x 6
x 25

x 20

x 7
x 15
x 10
x 8

x 8

Note: Points (3.3 - 7) determine the number of information frames
creat.ed

Space supplied for storage of data

5.6.2 COLLECTION OF DAT~

The questions that are asked relate to each of the sub-
domains discussed in 5. L Since the 'structures' into
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which this information entered ill t _ be stored, have

already been extensively discussed in this chapter, only

a brief description of each is given below. Where

necessary though, a more detailed description is given.

(a) Miscellaneous details

The 'expert' is queried with regards to details

such as:

*

Roofing type category i.e. system versus

unit;

names and areas of elements of systems

or number of, names and areas of sub-

units.

r~
{
jO

j
t

(b) Climate

In order to make possible the task of

categorising a roof type as being either suitable

or unsuitable to a location, it was necessary to

attach certain characteristics to a roofing type

which could be compared to a geographical

location possessing those same characteristics.

As discussed in section 5.3, data from the main

weather stations in each region was averaged

out and used as representing the average

maximum and minimum temperatures and

maximum rainfall for each region.

Thus when entering a new roofing type into the

database, the maximum and minimum

temperatures and maximum rainfall for which

the roofing type is suited, is queried of the
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expert. Comp lrit'lg this data to that obtained for

each Roofing type i.e. maximum & minimum

temperatures and maximum rainfall for which it
is suitable, it is possible to assess the suitability

of the newly introduced roofing type to all of

the twelve regions. This data is then stored into

the frame in figure 5,14 reaey for use.

During the latter part of the development, the

author realised that the presence or lack of a
ceiling (for roofing types where a ceiling is an
optional extra) could influence the climatic
suitability of a roofing type to a location. In

order to attempt to compensate for this
omission, the following was decided:
In assessing the suitability of those roofing types

(for which a ceiling is an optional extra), the

assumption is made that a ceiling is to be used
and this is pointed out to the end-user when
querying whether a ceiling is wanted. Although

this assumption made is not totally unfeasible

since facilities do exist for a ceiling, it may
introduce problems if an end-user does not want

a ceiling.
Ideally, the suitability of these roofing types

should be <calculated for both scenarios i.e

ceiling present and no ceiling, In order to know
which of the two cases would apply, the
climatic suitability would have to be queried

after the extras.

If
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(c) Extras

The expert is queried as to the extra facilities
that the new roofing type contains. These details

are stored in the 'Extras frame' as depicted in

figure 5.4 and as discussed in section 5. L 1(ii),

(d) Draft Co~.ng

Draft Costs are queried of the end-user for the

different end-user scenarios as discussed in

section 5. 1.1(iii). These costs are stored in
either the units or systems frame as depicted in
figures 5.7 and 5.8 respectively.

(e) Goods and Services required

The goods and services required for the

different scenarios are queried:
In the case of systems, self-building the

elements and purchasing elements and in the
case of units. for each sub-unittshape), the
different end-user scenarios.

This is done by approaching each of the

reievant abovementioned scenarios individually.

As discussed in section 5.1.1(v), the names of

the actual goods and services (i.e, modules,
equipment, materials, tools and labour) already

documented as required for those rooting types
already in the BUILDROOF database, are

stored in the supplier frame as shown in

figure 5.9.

25x_ IE]
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Each of these five goods and services are
handled in the same manner. Therefore, for the

sake of simplicity in describing the process, the
procedure involved in obtaining details on tools
required will be ,;;esc,ribed:

When querying the requirements of the

new roofing type, a list of the tools

already listed in the supplier frame is
presented ro the expert. The expert is

asked to select from this list, one at a

time, those tools required for the new
roofing type. Details as depicted in table

5.2, regarding the tool chosen, are

queried and stored in frames such as that
shown in figure 5. lOin the case of tools
required for the EFU unit range,

Once this is completed) the expert is

asked whether any other tools are
required which are not already listed in
the supplier frame list of tools. If an

affirmative answer is received, The

expert is asked to enter the name of the

tool and details, as described above, are
queried.

The BUILDROOF 'database' currently has four roofing types stored i.1 it

(2 units and 2 systems). All four were entered using this menu option.
0'

I
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5.7 REMARKS

Various problem areas were identified during the development of

BUILDROOF. These were largely due to certain scenarios having been

overlooked during the knowledge engineering stage and thus, ~10thaving

been catered for. The author felt that the major reason for this was that

within the time that was available for the developreent thereof, too much

detail was attempted for the broad scope that was covered.

Another problem encountered was EXSYSPro t s inability ~:t) run

BUILDROOF on some of the computers on which it was installed.

Continued discussion with the dealers in New Mexico failed to rewa! the
reason. Such problems are extremely frustrating and shout.J be avoided if
possible. 'Problem' expert system shells can often be identified by

discussing them with developers who have had hands on experience with

them. This should be done prior to purchasing a shell. 1 he author

experienced this after completion of BUILDROOF.

These points should be borne in mind by anyone considering the

development of an expert system,
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~EXPERIENCE WIDI USlLOF EXPERT SYSTEM

6.1 INTRODUCTION

At various stages of it's development BUILDROOF was tested by
the involved parties -the experts and the po....ntial end-users. The

purpose of this testing was to validate the results i.e. was

BUILDROOF doing what it was meant to do and was it actually
solving the problems that led to it' s development.
This testing also turned up bugs and problems of many kinds and

aided in making a number of necessary corrections.

This chapter documents feed-back from the parties involved in testing and
validating BUILDROOF as well as feed-back on the suitability of expert
systems in the context in which BUILDROOF was developed.

6.1.1 TESTING AND VALIDATING BIDLDROOF

6.1.2. FEED-BACK ON DEVELOPING AREAS CONTEXT OF

BUILDRQQF

Bearing in mind that the main purpose of this study, as detailed in

chapter 1, was to investigate the use of expert systems in
developing areas, feed-back regarding this issue was collected .'U'.\. i

. t,_ ...:.. i
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In addition, recommendations (where available) on potentially

suitable areas of application were made.

The experts body was represented by Mr Jorge Arrigone.

* Small scale oontractors from the Contractor Development

Agency (CDA).

The potential end-users were represented by:

* Mr Joe Mogale from the African Builder'S Association
(ABA)

Since Mr Arrigone is actively involved with the implementation of

technical aid centres, he was also able to offer valuable feed-back

from sn end-user's point of view.

~I .
jO

Feed-back from Dr Krige, the author's supervisor and a senior
structures lecturer at the University of the Witwatersrand, was also

documented.

\1
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6.3 FEEDBACK COLLECTED

Results and feedback from running the system with each of these parties

was sought on issues applicable to individual parties. The points .i.istedon

the next page were used as a guideline.

(i) Does BUILDROOF do what it was meant to do'!

recalling from chapter 1, this was to offer expert

guidance to an end-user (be they self-builders,

artisans or contractors) in selecting one or a number

of roofing types that best meet their requirements,

limitations and needs within their financial

constraints.

Does it solve the problem that led to it's development?

Again recalling from chapter 1, the problem that led

to it's development was the lack of available neutral

expertise when selecting appropriate or alternative

rooting types in developing areas.

(ii) Suitability of experts systems in this developing areas

context. If suitable, the identification of potential areas

where the use of expert systems appears plausible.

(iii) Miscellaneous ideas evolving from this project.

o

·'-~-·'-~-·--------o.....-7-'-
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6.3.1 FEED-BACK FROM EXPERTS

(a) Independent D~'1elopmentTIUst - Mr Arrigone

(i) Mr Arrigone was satisfied that BUILDROOF was

achieving what it was developed to do and that the

thought process behind the package was legitimate.

He felt that a package such as BUILDROOF did

have a role to play in overcoming the lack of

information readily available on the variety of

roofing types available and the shortage of available

expertise when selecting roofing types. However,

the following points were made:

* It should be attached to a system covering all

aspects of the house since these aspects are

interrelated and therefore have to be dealt

with together.

* The package aimed at a macro end-user body

as apposed to micro (as BUILD ROOF was)

could also be useful in obtaining an overview

of the type of roofing types that would be

suited to an area, Possible end-user scenarios

in this case would be a community

representative or a party involved in the

design process e.g. an engineer or architect.

Bearing in mind though the time constraints

of the author, and that this study was purely

(:~~
!

..
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of a pilot nature, he felt that for the purposes

of 'marketing expert systems' in developing

areas, a shallower approach but across all

aspects of the house, could perhaps have

more adequately illustrated the capabilities of

expert systems and therefore aided in point

(ii).

1£.•.....•• - ..,~

au .... .. .... d

(ii) Mr Arrigone felt that expert systems could be of

great use in developing areas. However he stressed

that anything developed should be done in

collaboration with a development organisation or

structure.

The following fields were identified by him as being

potentially suitable for expert system applications:

* Training of engineers for working in

developing areas i.e. highlighting differences

in the design process in these areas as

compared to first world conventional

scenarios.

Marketing of alternative technology to

engineers, architects, township developers
*Rj \.

a

o etc. involved in these areas.

(iii) On the issue of the usage of computers and

conventional software in developing areas, Mr

Arrigone expressed interest in having an accounting

package developed for usage in the Technical Aid

Centres.
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Dr Krige proposed that this be offered as an

investigation project for the fourth year students and

this proposal will be given further thought.

\

(b) Training of Engineers!Architects - Dr Krige

(i) With regards to BUILDROOF, Dr Krige pointed out

the following shortcoming:

BUILDROOF's inability to check two locations for

climatic suitability. This may be necessary if the

end-user stipulates a temporary or movable roofing

type.

Dr Krige expressed interest in adding rafters, trusses

(self-made as apposed to purchased) and coverings

to the BUILDROOF database.

(iii) Dr Krige felt that such a package could be useful for

training and guiding architects and engineers

involved in the designing of low-cost housing.

However, since it would be used for training

purposes, additional information geared at the

requirements of these professions would have to be

included.

6.3.2 FEED-BACK FROM POTENTIAL END-USERS

G.::;. I
U (a) African Builder's Association - Mr Joe Mogale

4,f Ph
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(i) Mr Mogale was confident that BUILDROOF had

met it's objectives which from his perspective was

to manipulate large amounts of information which

are available into ,(,o;m which is more useable to

an end-user.

(ii) Mr Mogale expressed much optimism as to

the potential future that expert systems C 0 u 1d

play in a developing areas context. Again, as with

Mr Arrigone, he stressed that their development

should be carried out together with an existing

development organisation or within an existing

structure.

Additional potential areas of application identified,

over and above those already identified, included the

following:

* expert systems to aid in ensuring orderly

development and

advice on selecting standards.*

~~{ \

4 1

10
(b) ,CQntrar:torDeveJopment Agency (CDAl

Due to the fact that these small scale contractors still have

sufficient work in the formal, middle income housing

sector, the informal, low-income housing sector (with it's

associated problems) is not a market which they will

willingly enter at this point.

Therefore, BUILDROOF's expertise in alternative roofing

types would not be required. However, they felt that

expertise on the more conventional rafters, trusses and

JUI,Q;
'1
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coverings could be very useful,

In retrospect though, they expressed confidenr-e that

BUILDROOF does have a place and could be useful in

aiding end-users in selecting a roofing type. They also

acknowledged that they felt that this was where housing

construction works in the future would.be available and that

the key to supplying affordable housing would involve

alternative methods such as incorporated in BUILDROOF.

..• UP' UP
- #
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7.1

7. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations can be drawn from this

investigation:

1. Conventional roofing types currently 'OWI'1' the roofing market.

These are not suited to the low income housing sector for a number

of reasons:-

* often they do not meet the requirements of the lower

income home owner e.g core housing and maximum

usage of locally available materials anr' skills;

* they are not aimed at common lower income

housing sector characteristics (e.g. low affordability,

low level of expertise available) and

* money leaves the community.

2. There exist a number of roofing types which have •either been

developed or are in the process of being ueveloped and that are

especially aimed at the lower income housing sector. These

however do not appear to have been widely marketed and although

documentation on some exists, it's existing form is not conducive

to usage amoagst the end-users that it is aimed at,

....., _'_". ilY:W4 -,
0, .'1._...:..a ..... ; .... ,

.e_

} ~,

L " \~
'I Iii\' \'

,-, j'
~ 1

ji
II

2



~--

7.2

3. Experts having a broad knowledge of several roofing types and
thus in a best position to offer guidance in the selecting of roofing

types for individual end-users, are scarce. A need therefore exists
for neutral unbiased advice in selecting roofing types which are

best suited to an individuals requirements, needs and limitations.

4. From the feedback obtained from potential end-users and experts,

it was felt that BUILDROOF was able to manipulate the roofing
data available into a more useable form and in addition, offer
neutral and unbiased expert advice in roofing selection.

./<~.
1 \~
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5. Roofing however cannot be dealt with individually since it's
selection is related to the remaining housing structure. In addition,
the manner in which information and expertise on roofing selection

has been encapsulated into BUILDROOF would be of equal benefit
if applied to the selection of the remaining housing structure. Thus

in order 'chat an expert system such as BUILDROOF be of

maximum benefit, it should be adapted to incorporate the whole
housing structure.

It was felt by some that BUILDROOF's database should be
expanded to include trusses (self-made as apposed to purchased),
rafters and coverings.

6. From the feed-back obtained, it was felt that expert systems appear
suitable for usage in developing areas, The designing of any expert

system should however be done in collaboration with a

development agency or existing development structure.
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7. Potential areas of application identified were:

* Training of engineers for working in developing
areas i.e, highlighting differences in the design

process in these areas as compared to first world
conventional scenarios.

* Marketing of alternative technology to engineers!

architects, township developers etc. involved

these areas.

* Offering of neutral and unbiased expert guidance to
builders when designing/building a home.

I

~

* Advising on suitable selection of standards.

8. Various problem areas were identified during the development of
BUILDROOF. These were largely due to certain scenarios having
been overlooked during the knowledge engineering stage and thus,

not having been catered for. The author felt that the major reason

for this was that within the time that was available for the
development thereof, too much detail was attempted for the broad
scope that was covered.

Before purchasing an expert system shell, consultation should be
carried out with developers who have had hands on experience with
the shell since thls may help in identifying and thus avoiding
•problem f expert system shells.

These points should be borne in mind by anyone considering the
development of an expert system.

'.
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A1.1
A 1 : USSR: UNTl:ED'l' SUPPORT STRUT ROOFING

.....•

USSR USSR USSR USSR
15 30 45 60

GENERAL

Total no. of
foundations 4 6 8 9
No of foundations
added 4 2 2 1
Area (m2) 40 50 55 60
MODULES
(Building blocks)
Module A x 1 x 1 x 1 x 1
Module B x 1 x 1 x 1
Module C x 1 x 1
Hodule D x 1

MATERIALS
(See Concrete mix

calculations)
Water (litres) 203 304 405 455
Cement (m3) 0.072 0.108 0.144 0.162
Sand (m") 0.22 0.33 0.43 0.49
Stone (m") 0.43 0.65 0.86 0.97
TOOLS (# @ hours)
(See Labour
calculations)

Spade [,@ 8.0 1@ 12 1@ 16 1@ 18
Hanuner 2@ 4.0 2@ 8.0 2@ 12 2@ 16
Wheelbarrow 1@ 4.0 1@ 6.0 1@ 8.0 1@ 9.0
LABOUR (# @ hours)
(See Labour

ca':'culations)
Unskilled 1@ 8.0 1@ 12 1@ 16 1@ 18
Skilled 2@ 4.0 2@ 8.0 2@ 12 2@ 16

o

Table A1.1: SUIlunary:of required goods afldservices for
Y.§.2.Rsub-units

2



A1.2

ill GOODS AND SERVICES CALCULATIONS

Note: All informat~nn used for calculations was
obtained from the tollowing:
(a) Mr Dalmien Untiedt! Sunshine Homes
(b) USSR Information si~f~ets.USSR : Untiedt

Support Strut Roofinq. Johan~'lesburg,1992.

FOUNDATION SIZING

Check #1: Bearing pI'essure

Total mass (in kg) of roof for USSR 15
= (7x7.72)+(6x11.94)+(2x12.73)+(4x9.65)+3.57+9.55
= 202.8kg

Therefore mass per foundation = 202.8/4
= 50.7kg
= 500N

Assuming relatively adverse soil conditions,
allowable bearing pressure = 50KPa

~:\
j
10

Therefore foundation area reqd = 500N 1 50x103N/m2

= 0.01 m2

= 100rnmx 100mrnfoundation

Check #2: Stability-Uplift

Wind Loading:
(SABS 0160)o

J"



A1.3
Assuming a worst case scenario:

V = 50m/s
k ::0.6 10 yearAssuming a

return period and a
category 3

qz = k (Vz) 2

= O.6(50}2 = 1500N/m2 4.5.3.1

External pressure coeffecient (C~)
Monopitched roofs with h/w < 2
Roof angle = 5°

Therefore, maximum average ~ for
surface = -1.0 Table 6

Internal pressure coeffecient (Cpi)
Assume +0.3 since the exact
positioning of openings will be decided
by the horne builder

Therefore FlI = (Cpe - C!pi) qz Az
= (-1.0 - 0.3) 1500N/m2 (3.0m x 4.03m)
= 23.6 kN

o
Therefore
Roof DeadLoad + Foundationsoaad Load

>= 23.6kN/4
o

>= S.4kN

O.SkN + Foundationsoaad Load
>= 5.9kN

Foundationsoaad Lcc: .. ,

o

()
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A1.4
Therefore volume concrete required per fioundatid.on
= 5. 4kN / 24k.'I'i!'tt[3

= 0.224 m3

Therefore use 610mm x 610mm x 610mm foundations

MATERIALS

CONCRETE MIXES
(Calculated per foundation)

Volume of each foundation.
(See Calculations for size of foundations)
:::610 x 610 x 610
= 0.23 m3

Mix io 1:3:6 ( cement: sand: stone)
Assuming O.220m3 water per m3 for dry mix
Therefore O.78m3/m3 mix is made up of cement, sand
and stone

Ii
1\
l) Therefore per foundation:

Water = 0.220 x 0.23 = 0.0506 m3 ::;:: 50.6 1
Cement ::: 0.78 x 0.23 x (1/10) = 0.018 m3

Sand = O •.'8 y 0.23 x (3/10) """"'! 0.054 m3

stone = 0.78 x 0.23 x (6/10) = 08 m3C'
1

I
1
1){

Therefo~e voltunes of materials
:::Number of foundations x above values

lJ
.. JJ 0 OWl

. -~



A1.5

LlmOOll AND TOOLS

* Diggi.ng of foundations

Assuming average soil conditions, it is estimated
that an average worker can dig 1m3 in 4 hours. (1)

Each foundation (610~~x610mrnx610mm) should take 1
unskilled labourer (0.61m)3 x 4 hours

= 0.91 hours
= Approximately 1 !"our.

A spade is requi ;iedfor the full hour.

* Pou.ring of foundations
The mixing and potl,:r.ingof concrete for each
foundation should take 1 unskilled labourer
approximately 1 hour.
A spade and a wheelbarrow is required for the fu~l
hour.

* Erection of ")oo.ules
'1'11eerection of each 'j 5m2 module should take
approxirtL:>.tely4 hours and Nould require the
services of 2 Skilled labourers.
Two hammers are required for the full duration.

o

(1) BKS - Johannesl:lI~rq - Labour Intensive cOll.s.truction projects
J' 0

o

(0~;:~~r"'''.·1 ••

l1li1(,_, ''''I)W..l ... ··I........ IIItl~;;f!~:•• IIIIIUI~, .J--..........a~_.Jllr·'·..•...""~~,.II'O"'-...... o·.,·.,.·1:3-·...·, .•~.•
i_\

(

\ '. ,I
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j I
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A1.6

(ii) SUB-UNIT cos'r CALCULATIONS,

Building block prices quoted by the suppliers
were as follows:

Module A == a 1800.00
Module B == R 1500.00
Module C == R 1400.00
Module D = R 1400.00

These prices excluded VAT, distribution cos~s,
prcfi ts and t;dditional erection costs.

Distribution fee + profit
VAT

= + 20S,5
+ 10%

The following assumptions were made by the
expert in calculating approximate total costs
as reflected in Table A

=

Erection Costs:
Contractors =
Artisans =
Self-builders =

+ 10%
+ 12.5%
+ 15%

(~
to

o



+---+-----+-------------------------+---+-------+---------------+-----+---+---------------------+
I RS I UNIT IUNIT_N&~ I NO 1UNIT_NO I UNIT_TYPE I AREA !UN iCOST
I I I I I I I I +-------+------+------+
1 I I I I I i I ISELF IART ICONT I
======================================================;==========================================

1
I
I
I

~r"'-'

{

c·.. ··~~ .' '; ".~~ __. Q ._~.c~

__ O·j ~;j

,13 11
114 12
115 13
116 14

IUSSR 15
IUSSR 30
IUSSR 45
IUSSR 60

115
13('
145
I

160

12
12
12
12

;2
j2
12
12

IUSSR
IUSSR
1 USSR
IUSSR

1m2 12735
1m2 15010
1m2 17135
1m2 19260

12673
14900
16980
19060

12615
14790
16825
18860+---+-----+-------------------------+---+-------+---------------+-----+---+-------+------+------+

Table A1.2: Frame containing EFU Sub-Unit costs as predicted by expert

t)
ill

:t>'_..
-...J
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A2 - EVERTILE FAST FRAME UNITS
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A2.1
A2· EFU· EVERTILE FAST-FRAME UNITS

c

__..:.. .
T40 TSO T40+T15 T60

GEN1:!RAL
No. of foundations 4 4 6 4
Area (m2) 40 50 55 60
MODULES
(Building blocks)
EFU T15 x 1
EFU T40 x 1 x 1
EFU T50 x 1
EFU T60 x 1
EFU T70 -
MATERIALS "(See Materials
requi.red calcs)
Water (litres) 190 285 190
Cement (m3) 0.07 0.1 0.07
Sand (m") 0.2 0.3 0.2
Stone (m") 0.4 0.6 0,.4

I TOOLS (# @ hours)
(See Labour+tools
required cales)
Spade 1@8hrs 1@ 12.0 1@ 8.0
Hammer 2@ 2.5 2@ 5.0 2@ 2.5
Spanner 2@ 2.5 2@ 5.0 2@ 2.5
Drill 2@ 2.5 2@ 5.0 2@ 2.5
Pop Riveter 2@ 2.5 2@ 5,0 2@ 2.5
EFU Lifting Jack 2@ 2.5 2@ 5.0 2@ 2.5
LABOUR (# @ hours)
(See Labour &
tools calcs)
Un-skilled 1@ 8.0 1@ 12.0 1@ 8.0

+ + +
2@ 2.5 2@ 5.0 2@ 2..5

'rlotal 1@ 13 1@ 22 :@ 13
Skilled 2@ 2.5 2@ 5.0 2@ 285

yr"
I

10

Table A2.1: Summary,of required goods and services fot
Ere sub-units
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A2.2

T50+T15 T70 T40+ T60+T15
2xT15

GENERAL
No. of foundations 6 4 8 6
Area (ro2) 65 70 70 75_,

..-'.--~ .-
MODULES
(Building blocks)
EFU T15 x 1 x 2 x 1
EFU T40 x 1
EFU T50 x 1
EE'UT60 x 1
EFU T70 x 1 ,-
MATERIALS
(See Materials
required cales)
water (litres) 285 190 380 285
cement (m3) 0.1 0.07 0.14 0.1
Sand (m3) 0.3 0.2 0.4 0.3
stone (m") 0.6 0.4 0.8 0.6
TOOLS (# @ hours)
(See Labour+tools
required calcs)
Spade 1@ 12 1@ 8.0 1@ 16 1@ 12
Hanuner 2@ 5.0 2@ 2.5 2@ 7.5 2@ 5.0
Spanner 2@ 5.0 2@ 2.5 2@ 7.5 2@ 5.0
Drill 2@ 5.0 2@ 2.5 2@ 7.5 2@ 5.0
Pop Riveter 2@ 5.0 2@ 2.5 2@ 7.5 Z@ 5.0
EFU Lifting Jack 2@ 5.0 2@ 2.5 2@ 7.5 2@ 5.0
LABOUR (# @ hours)
(See Labour+tools
required calcs)
Unskilled 1@ 12 1@ 8.0 1@ 16 1@ 12

+ + + +
2@ 5.0 2@ 2.5 2@ 7.5 2@ 5.0

Total 1@ 22 1@ 1 1@ 31 1@ 22
Skilled 2@ 5..0 2@ 12@ 5.0 2@ 5.0

Table A2.1 ctd •••



A2.3

jI \

\\
I.

J.1:1 gooDS AND SERVICES CALCur..ATIONS

Note: AI] information used for calculations was
obtained from the following:
(a) Mr Martin Dochety from Everite
(b) EFU Information sheets. Eve.rtile Roofing

System -I- :fast frame unit. Spartan, 1992.

MATERIALS

CONCRETE MIXES
(Calculated per foundation)

()

Volume of each foundation
= 600 x 600 x 600
= 0.216 m3

Mix is 1:3~6 ( cement: sand: stone
Assuming o. 220m3 water per m3 for dr.ymix
Thus 0.78m3/m3 mix is made up of cement, sand

o

and stone
Therefore per foundation:
water = 0.220 x 0.216 = 0.0475 m3 = 47.5 1
Cement = 0.78 x 0.216 x (1/10) = 0.017 m3

Sand = 0.78 x 0.216 x (3/10) = 0.051 m3

stone = 0.78 x 0.216 x (6/10) = 0.101 m3

Therefore volumes of materials
= Number of foundations x above values

--~----"'-'



A2.4

LABOUR .Mm TOOLS

* Digging of foundations:

Assuming average soil conditions, it is estimated
that an average worker can dig 1m3 in 4 hours.

Each foundation (600Jl1In:'ot'600rnrnx600mm)should take 1
un:sk:Llledlabourer approximately (0.6m)3 x 4 hours

= 0.86 hours
= Approximately 1 hour

A spade is required for the full hour.

* Pouring of foundations:
The mixing and pouring of concrete for each
foundation should take 1 unskilled labourer
approximately 1 hour
A spade is required for the full hour. o

* Erection of modules:
The erection of each module should take
approximately 2"5 hours and would require the
servf.cas of 2 skilled + 2 unskilled labourers
Approximately 2 hammers, 2 spanners 4 2 drills, 2
popriveters and 2 EFU lifting jacks are required for
the full duration.

'~--.--.----....,...",.,._,.,-----,,--------.



A2.5

(ii) SOB~UNIT COST CALCULATIO~~

Building block prices quoted by the suppliers were
as follows:

EFU Type 40 :::: R 7804.00
EFt] Type 50 = R 8846.00
EFU Type 60 :::: R 9895.00
EFU Type 70 :::: R 10980.00
EFU T1'~e 15 = R 2443.00

These prices included 10% VAT and profit but
excluded distribution and additional erection

Distribution :Eee :::: + 8%
Ere0tion costs:

Contractors :::: + 10%
Artisans :::: + 12.5%
Self-builders :::: + 15%

costs.

The following assumptions were made by the
expert in calculatin.g the approximate total
costs as reflected 01',1Table A

o
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1

~
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+---+-----+-------------------------+---+-------+---------------+-----+---+---------------------+
IRS IUNIT IUNIT_NAME INO IUNIT_ NO IUNIT._'1'YPE IAREA ItJN ICOST I
I I I I I t I I +-------+------+------+I

1 I 1 1 1 I 1 1SELF 1ART 1CON'l' II
=================================================================================================
11 11 IEvertile Fast-Frame Unit 11 11 IEFU T40 140 1m2 19695 19480 19270
11 11 IEvertile Fast-Frame Unit 12 12 IEFU T50 150 1m2 110985 110750 110510
11 11 IEvertile Fast-Frame Un:l.t13 13 IEFU T40+T15 155 1m2 112725 112450 112175
11 11 IEvertile Fast-Frame Unit 14 14 IEFU T60 160 1m2 112290 112025111755
11 !1 IEvertile Fast-Frame Unit 15 15 IEFU T50+T15 165 1m2 114020 113715 113410
11 11 IEvertile Fast-Fr~~e Unit 16 16 IEFU T70 170 1m2 113635 113340 113045
11 11 IEvertile Fast-Frame Unit 17 17 IEFU T40+2*T15 170 1m2 115760 115420 115075
11 11 IEvertile Fast-Frame Unit 18 18 IEFU T60+T15 175 1m2 115325 114990 114660
11 11 IEvertile Fast-Frame Unit 19 19 IEFU T50+2*T15 180 1m2 117055 116685 116315
11 11 IEvertile Fast-Frame Unit 110 110 IEFU T70+T15 185 1m2 116670 116310 115945 t

::t>'11 11 IEvertile Fast-Frame Unit 111 111 1EFU T60+2*'r15 190 1m2 118360 117960 117560 I tv

11 11 IEvertile Fast-Frame Unit 112 112 IEFU T70+2·...'l'15 1100 1m2 119705 119275 118850 I .
0\

+---+-----+-------------------------+---+-------+----------------+-----+---+-------+------+------+

Table A2.2 : Frane o:.-utain:im USSR SUb-Unit costs as pre:licted by exwrt.

()
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A3 - CONCRETE HOI;LOW BLOCKS
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A3.1
A3: CONCRl~n HOLLOW BLOCKS

Note: All information used for ca.,cuLat.Lons was
obtained from the following:
(a) Mr Jorge Arrigone from the Development

Bank of South Africa
(b) CSIR. Report ERR 642. Low Cost Housing.

Pretoria, 1992.
(c) CSIR. Report S.199/24. Research at local

level: Description of a NBRIexperimental
project. Pretoria, 1992.

ALL VAL:~S HAVE BEEN CALCULATED AS APPROXIMATE

VALUES PER ELEMENT (3.26 m length and O.815mz
area)

If the end-us6J:wishes to purchase the elements
as apposed to producing them~ then the details
on goods and services mark~~ with a (B) will be
required.
Alternatively, if the end-user wishes to
manufacture their own concrete elements, then
1:1..edetails on goods and services marked with
an (S) will be required.

o

o

I, . ,t.,,!

\..,_J'



A3.2

PURCHASE
(B)

SELF-BUILDnm
(8)

MODULES

EQUIPMENT
1.Block beams One N/A

'(:' ,

jo

1.Minimum
r~C"'~'mal
scaffolding

2.Block mould

Assume scaffolding
is required for 1
hour per beam
("-his takes intoI =ocouat; erection

I
time of

. ncaffolding etc.

N/A

,. f sn· q I ,. !

Same as left

Casting and
stripping each
beam
= 2hours 15mins
= 2.,25hours

()



A3.3
,_.""

MATERIALS
(See Cales)

1.Steel N/A
reinforcement
O=4.Smm

2.Steel N/J\,
reinforcement
0=6.0rnm

3.Water N/A

4.Cement N/A

5.Sand

6.Stone

7.Welded mesh
reinforcing

8.Thin
polyester
fibre matt

9.Paint

N/~.

N/A

0.82m2

6.52m

6.52m

12.8 + 9 =21.81

TOOLS
(II @ hours)
1.Level 1 @ 0.5 hour

0.005 + 0.0046
= O. 196m3

0.009 + 0.04
:::0.049m3

0.82m2

0.5 litre

1 @ 0.5 hour
LABOUR
(# @ hours)

1. Skilled

2•Unskilled.

1 @ 1 hour 1 @ 1 hour

3 @ 1 hour 2 02hrs15mins +
(2+3) @1hr
= 1 ~~ 9.5hrs

Table A3.1: Summary of required goods and services for
Concrete Hollow Block~



A3.4

ill GOODS AND SERVICES CALCULATIONS

EQUIPMENT
MINIMUM NORMAL SCAFFOLDING
Scaffolding is required for approx:i.mately1 hour per
beam {this takes into account erection time of
scaffolding etc.

BLOCK MOULD
If self-building, then a block mould is required.
Casting and stripping o~ each beam requires
approximately 2 hours 15mins

MATERIALS

-

(

I
Fig .A3.1: Cross-seccional view of Concrete HC)llow

Blocks



A3.5

CONCRETE MIXES
Deal with all areas first:
(See Fig A3. 1 for dimensions)

HOLLOW BLOCKS
Approx~ volume of each block
== [ 2 (230x30) + 2(70x30) ] x 190rm" length
= 0.00342 m3 x 17 blocks
= 0.0581 Itt3

Mix is 1:8 ( cement: coarse river sand)
Assuming O. 220m3 water per m3 L')r dry mix
Therefore 0..78m:"/m3mix is made up of cemen.t and
sand

Therefore per trough:
water ~ 0.220 x 0.0581 = 0.0128 m3 = 12 1
Cement = 0.78 x 0.0581 x (1/9) = 0.005 m3

Coarse River Sand = 0.78 x 0.0581 x (8/9)
= 0.04 m3

(

I

STEEL REINFORCEMENT
If self-building, each element requires the
folloWing stee 1. reinforcement along it's 3.26 m
length:

* 2 x 6mm diameter
* 2 x 4.5mm diameter

1
,I
!

'I'hereforeeach beam requ.ires:
6.52m (diam = 6mm)
6.52m (dirun= 4.5mm)



A3.6
SEALING OF RE-BARS

Assume negligible

INFILL BETWEEN BLOCKS
Approximate volume of infill
= (20 x 130)+(40 x 250)] x 17
= O.041m3

Mix is 1:2:4 (cement:sand:stone (12-15mm) )
Assuming O. 22m3 water per m3 for dry mix
Water = 0.22 x Q.041 == 0.009 m3 = 9.0 litres
Cement = 0 ..78 x O. 041 ~( (119 ) = O. 0046 m3
Sand = 0.78 x 0.041 x (2/9) = 0.0091 m3

Stone = 0.78 x 0.041 x (6/9) = 0.0183 m3

WELDED MESH REINFORCING
For both (5) and (B) cases No. 078, 4.5mm bars @
200mm centres - 1 ')thdirections is required over the
full area. Therefore, per beam

= O.25m x 3.25m
== 0.82 m2

THIN POLYESTER FIBRE MATT
For both (S) and (B) cases a polyester fibre matt is
required over the full area of each beam.
Therefore, per beam = 0.82 m2

PAINT
Thin polyester fibre matt above is to be impregnated
with acrylic 'Paint and finished with a coat of
ordinary paint. Approximately 0.5 litre of acrylic
paint is re:.\uiredper beam.

'i I



A3.7

TOOLS
LEVEL
1 level is needed throughout erection (approximately
0.5 hour)

~ABOOR

(i) Casting & stripping:
Each block takes approximately 8 mins
Therefore per beam of 17 blocks ~ 17 x 8 mins

~ ~ hrs 15 mins
Casting & stripping requires 2 unskilled labourers

(ii) Assembly of beams:
Assernblying of 1 beam take:s approximately 1 hour and
:r.·equires 2 unskilled Labour-er-s

(iii) Erection:
Erecting of each beam and covering etc. takes
approximately 1 hour and reqJlires 3 unskilled + 1 skilled
labourer

1 • SKILLED
(See Labour calcs)
(B) 1 reqd for 1 hour'

(S) 1 reqd for 1 hour
2 • UNS1'\ILLED

(See Labour cales)
{Bj 3 reqd for 1 hour
(S) «2 @ 2 hour s 15 mins) + (2 @ 1 hour) + (3 @ 1

hour) )
= same as 1 reqd for 9.5 hour5



A3.8

(ii) DRAFT COST CALCULATIONS

In 1978, costs encountered on an American sponsored
proj ect 'were $16. 331m2. In order to convert this
""',,St to.a present day value I the exchange rates then
and now were used.

l I Exchan~e Rate

1978 $1 .15 ---> R1.00

1993 $0.33 ---> R1.00

Table A3.2: Exchangg Rates

Ths-n~fGre approximated 1993 cost = 16.33 x (1.15/0.33)
(.per m2 ) = 16.33 x (3.48)

= R 56.83

Adding 2(,% as an adjustment due to prevailing conditions
at time of costing = R 56.83 x 1.2

;: R 68.20 ! m2

Therefore approximate cost per element if flelf-
manufactured = 0.815 x R 68.20

=- R 55.60

and approximate-cost per element
(assuming a 20% profit margin)

if purchased
= 1.2 x R 55.60
= R 66.70



NOTE:

·i ,

A3.9

It was fel-:that for the purpose of this expert
system, the method used in calculating a
present day cost was accurate enough. A: more
accurate cost however, could be obtained based
on goods and services required, as calculated.
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A4.1
A4: PRECAST TROUGHS

Note: All information used for calculations was
obtained from the following:
(a) Mr Jorge Arrigone from the Develop:rn.ent

Bank of South Africa
(b) CSIR. Report ERR 642. Low Cost Housing.

Pretoria, 1992.
(c) CSIR. Report S.199/24. Research at local

Level: : Description of a NBRI experimen tal
project. Pretoria, 1992.

ALL VALUES HAVE BEEN CALCULATED AS APPROXIMATE

VALUES FOR 1 ~ROUGH (4.27m length and 1.225m2
area)

If the end-user wishes to purchase the troughs
as apposed to producing them, then those marked
with a (B) will be required.

Alternatively, if the end-user wishes to
manufacture their own concrete trcughs, then
those items marked with an (S) will be
required.



A4.2

PURCHASE SEIJF BUILDL."fG-
(B) (S)

!JI..~

MODULES
1.Concrete
trough One N/A

EQUIPMENT
1.Minimum
normal

scaffolding O.75hr O ..75hr

2.Trough
mould NfA 4.15hrs

-

" ,



A4.3

29.9m

6.75m

11+1.5+1.1=13.61

0.01+0.0013+0.001
=0.0123m3

0.028+0.003
=0.031m3

0.0039+0.19';::194m3

770cm3

J-------f----------f---,------I

L--------- -L ~~ J

MATERIALS
1.Steel
reinforcement
O=4.0mm N/A

2 ..Steel
reinforcement
0=3.3mm N/A

3.Water N/A

4.Cement N/A

5.Sand N/A

6.Gravel o .19m3

7.Poly-
ethylene
sheeting 1 •90m2

8.B.I.F.P.
joint sealant 770cm3

TOOLS
(# @ hours)

1.Trowels N/A

2.Level 1 @ O.75hr

2 @ O.33hr

1 @ O.75hr

J



A4.4

LABOUR
(# @ hours)
1.Skilled 1 @ 0.75hr 1 @ 1.5hr
2.Unskilled 4 @ O.75hr 1 @ 7hrs

Table A4.L;_ Summary of required goods and services for
Precast Concrete Troughs

(i) GOODS AND SERVICES CALCULATIONS

EQUIPMENT

MINIML~ NORMAL SCAFFOLDING
Assume scaffolding is required for -45 minutes per
trough (this takes into account erection time of
scaffolding etc.
Scaffolding is required regardless of whether the
troughs were self-built or purchased.

MOULD
If self-building the troughs, a moulds is required
for approximately 4.15hrs per trough i.e.

Casting each unit
Mortar to take set

:::-20 mins
= -70 millS

(
; 4
I

Leave for 24 hrs, therefore = 2.4 hrs each
Stripping
TOTAL

== -15 mins each
== 4.15 hrs each



A4.5

MATERIALS
! 350-----'!

.r"

+ 1;25 • 100
~

• 95 •
Fig A4.1: Cross-sectional view of Concrete Trough

element

CONCRETE M.TXES
Deal with all areas first:
(See Fig A4~1 for dimensions)

TROUGHS
Approximate volume of each trough
= [(100x33)+2(143x22)+2(30x33)-7(3.14x4/4)]x4270 -

(6750x3.14x3.3/4)
= 0.049 m3

Mix is 1:3 ( cement: sand(6mm sieve) )
Assuming 0.220m3 water per m3 foJ.dry mix
Therefore O.78m3 1m3 mix is made up of cement ant, sand

/~

{
I 1

Therefore per trough:
Water = 0.220 x 0.49 = 0.011 m3

Cement = 0.78 x 0.049 x (1/4)
Sand = 0.78 x 0.049 x (3/4)

= 11 litres
= 0.01 m3

= 0.028 m3

SHAPED PRECAST CLOSING PIECES (SPCP) (NO FINES)
Assume width = 120mm

i
I

4



A4.6
Volume of each SPCP = 0.028m2 x 0.12m
(See pg 2 no.S for derivation of 0.028 value)

= 0.003348 m3 x 2
(One on each side)

= 0.0067m3

Mix is 1:3 (cement: gravel (18-22mm) ) No fines
Assuming 0.22m3 water per m3 for dry mix
water = 0.22 x 0.0067 = 0.0015 m3 = 1.5 litres
Cement = 0.78 x 0.0067 x (1/4) = 0.0013 mJ

Gra'tlel= 0.78 x 0.0067 x (3/4)

SHAPED PRECAST FILLING BLOCKS (SPFB)
Assume width = 120mm
Volume of each Sl?FB = [(60 x 107)+(95:x. 107)]xO 120

= 0.0025mJ x 2
(One on each side)

= O.005m3

Mix is 1:3 ( cement: sand) As for trough
Assuming o •22m3 v-:aterper m3 for dry mix
water = 0.22 x 0.005 = 0.0011 m3 = 1.1 licres
Cement = 0.78 x 0.005 x (1/4 ) = 0.001 m3
Sand ;; 0.78 x 0.005 x (3/4) - 0.003 m3

STEEL REINFORC,E:·fEINT
If ae.Lf+bud.Ldd.nq , each element requires 7 x 4mm
diameter rods a,loP,gits length.
Therefore 4.27m x 7 = 29.9m (Diam = 4mm)

!n addition, stirrups are required at 300mm
spacings.
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Therefore # stirrups required ~ [(4270/300)+1)
= 15

Length of each stirrup = - 100 +2 [95 +124 ] +60
= 450mm

Therefore total length rqd = O.45mx 15
= 6.75m (diam = 3.3mm)

GRAVEL (18-22 mm)
In the case of purchasing as well as self-build;t.o.g
elements , gr~vel covering is so '(;!cified to be 20rnm
thick and to fill trough cavities. Therefore volwne
reqd
= [(100 x 107)+(95 x 107)+(350x20rcur~th]t) x 4.27m
:= 0.028 m2 x 4.27m
= 0.19 m3

I

In addition; if self -building, gravel is !'equir1ed
fo!' the SPCl?'s.

(
I I

I
1
(

POLYETHYLENE SHEETING
Sheeting is used to cover roof. Therefore area re<;rd
per trough is the surface area

:= [0.1m2 + J( 95 -(-107 ) + 2(30) ] x 4.27m
:= 1.90 rn2

In addition, if self-building, sheeting is used to
seperate troughs (same area as above). Therefo);'e
area reqd per trough := 2 x 1.90 rn2

:= 3.80 m2
BITUMEN INPREGNATED FOAM PLASTICJOINT SEALANT
A 12x15nut~strip of bitumen impregnated foam pl.a~;tic
joint sealant is specified

= 0.012 x 0.015 x 4.27m
:= 770cm3
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TOOLS

Total

=: 20 mins
= 10 mins
= 15 mins
== 45 mins

TROWELS
If se.Lf+bud.Ldd.nq, 2 trowels are required for
approximately 20 mins each.
(See labour calculations fejr times - (Casting of
each trough»

LEVEl:'
In either case 1 level is required throughout
erection i.e~ 1 level for approximately 45 minutes
(See labour calculations for times)

Production:
Casting each unit
Movingetc.
Stripping

Casting & movingetc. requires 6 unskilled Labourer-s

+ 1 skilled
Stripping requires 4 unskilled labourers + 1 skilled

(:-
t c Erection:

Erection of und,t + covering etc. = 45 mins
This procedur-e reqni.res 4 unskilled labourers + 1
skilled
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Therefore, summary of labour required per element:
SKILLED
(See Labour calcs)
(B) 1 reqd for 45 mins
(8) 1 reqd for 90 mins

UNSKILLED
(See Labour calcs)
(B) 4 reqd for 4:i mins
(S) ((4 @ 45 mi.ns)+ (6 @ 30 mins) + (4 @ 15 mins})

= same as 1 reqd for 7 hours

Jiil DRAFT COST CALCULATIONS

In 1978, costs encountered on an American sponsored
proj ect wez e $16. 331m2. In order to convert this
cost to a pr eaent, day value, t.heexchange zat.es then
and now were used.

Consider~ng the exchange rates documented in Table A3.2,
an approximated 1993 cost = 7.95 x (1.15/Q~33)

~
I
I (

:::7.95 x (3.48)
= R 27.70

Addin.g 20% as an adjustment due to prevailing cQnditions
at time of costing "-. R 27.70 x 1.2

= R 33.20 I m2
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Therefore approximate cost per element if self-
manufactured = 1.25 x R33.20

:: R 40.00

and approximate cost per el.emerrtif purchased (assuming
a 20% profit margin) = 1.2 x R40.00

= Jl.. 48.00

NOTE: It was felt that for the purpose of this expert
system, the method used in calculating a
present day cost was accurate enough. A more
accurate cost however, could be obtained based
on goods and serv'ices required r as ceLcwl.at.ed,
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1. GETTING STARTED

Insert the BUILDROOF diskette into the drive from which you will be

working e.g. B.

If the computer is currently operating on another drive e.g. C, then

convert to the B drive by typing the following:

C:\> B: and then pressing <ENTER>

The following will appear:

B:\>

To run BUILDROOF , type <BUILDROOF> and then press

< ENTER>. A screen will appear with the message uREADING

RULES" displayed in the centre. This screen will remain present for

approximately 1 minute, after which you will be asked whether you wish

to have instructions on running the program. Press < ENTER> •

(
I <

The next two screens (i.e, the 'Title & Author' and ISubject of the Expert

System I screens) are introductory screens containing information on

BUILDROOF. Once you have finished examining the contents of each

screen, pr",~d<ENTER> to activate the next screen.

You will now be faced with the Menu ::;..;reencontaining the six options

offered by BUILDROOF. It is from this screen that these options are

activated:
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1. Run BUILDROOF
()2.

3.
Output results from BUILDROOF run

Reset location details

4. Input information on the availability of modules,

equipment, materials, tools or labour

5. Input Cost Details

6. Inputting a new Roofing Type

7. Exit to DOS

Each of these options is discussed further in Section 3.
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2. INTERACTINGWITHBUILDROOF

BUILDROOF can be run by anyone with essentially no training other than

how to start the program - this topic having already been covered in

Section 1 - 'Getting Started'. However, before you proceed to actually

selecting menu options, the following information regarding your

interacting ",ih the BUILDROOF software may be of use.

2.1 END-USER INPUT MECHANIS~ '.

Once the initial screens have been displayed, and a menu option

selected, the BUILDROOF expert system will be activated. This

will eventually result in the program requiring some input data.

There are two standard types of questions you may be asked:

multiple choice and numeric or string questions.

(i) Multiple Choice Questions

Multiple Choice questions display a statement, usually

ending in a verb, followed by a numbered list of possible

completions of the sentence. An example of such a question

is depicted in Screen 1.

There are two ways to select a value from the list.

You can press the f and 1 keys to highlight the desired

value, then press <ENTER> . Alternatively, you can enter

the number or numbers of the values pertaining to your
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situation and press the < ENTER> key. If more than one

number is chosen, separate the numbers with a space or

comma or if highlighting, press the SPACE BAR on every

item desired and on the last item desired, press

<ENTER>. The top line of the screen w~'l tell you if you

can select any number of values, only a single value or

some other limit such as no more than two values.

EXSYSP:co - _I ':t'ou -'I saleet any nQ'1lber of ""lues

Is the site of yo~~ home
1. further than 15km from the coast
2. closer than 15km from the coast

Enter the .....Lu.. nunl:><!r,,,I '~r ee lect w1t·~-.rrow keys

I!HY - l\ul .. Used <1> - Details QUIT - Sa"", <H> - Help

Multiple Choice Questions

(ii) Questions requiring Numeric or Strin~ data

The other type of question you may be asked is for a

numeric value or a text string, an example of which is

depicted in Screen 2. There will be an explanation of what

information the program needs and a space to enter the

value. Type in your answer and press <ENTER> .

Il
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l:lCSYSPro

);'1""58 input a val"" for the onriable

Enter the .®ount of money (in numbers)
that ~ou have available for a roof

(e.q. enter 2500.00 in the place of R2500.00c)

W'H"t for rule used <1> fer de~&il. QU'I'l' to .so1.Wcl.J.ta

o
Screen 2: Questions requiring Numeric or String Data

2.2 EXPLANATION SCREENS

Highlighted words on a screen indicate that information on the

words is available. If you wish to know about one of the words,

press the <Fl > key. This will display the first keyword on the

page. If this is not the word you want, continue pressing <Fl >
until the desired word is displayed. Then press < ENTER>. A

screen containing information on the word will be displayed.

Pressing <ESC > will take you out of this screen and back to the

original screen.

(:::
·1
j

I I 4

I '
i
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3. BUILDROOF MENU OPTIONS

To run a menu option, type in the number corresponding to your choice

and press <ENTER>. (See page 2 for menu options)

Option 1: RUN BUILDRQOF

This constitutes the body of the BUILDROOF software package.

Running of BUILDROOF is the option which you should run if you

are wanting information on roofing types that meet your

requirements as well as constraints.

(

The running of this option consists of two major sections, selection and

costing.

The first section, Section A, consists of a selection process in which

roofing types not meeting a number of criteria are eliminated.
<
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The second section, Section B, coi.sists of relatively detailed costing of

those roofing types that pass-ed through the selection process. From these

results, those that are found to be affordable to you, are stored for later

retrieval.

Each section will be discussed in more detail:

Note: liefor'c you COff1ll(,nCewIth this option, ensure that the location details
'currC!n~!y in use, are cOi·rel~. Do this by running Option 3 f ,e, Reset Location

Details

SECTION A

o.
(i) Climatic SlUitabilit:t

In this step the full range of roofing types currently in the

database is checked for their suitabillty to the specific

location selected by you.

No input will be required from you.

( (ii) Extra features wanjed by you

(

l

Your requirements with regards to roofing facilities will he

queried, You will be asked to supply information on the
following:

~iJ' whether your walls have already been built
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w spans of walls

d' type of walling material

d' whether you want a roofing type suited to core-

housing

whether you want a roofing type suited to core-

housing
if you live ill a coastal area you will be asked

whether you live within a certain distance: of the

coast
d' whether you require ceilings

whether you require gutters

what type of roof slope you want
(\

Simply reply to these questions. a

(iii) Draft costing test

You will be asked how much money you have available for

the roof. An "approximate" check on the affordability of

each roofing type can now be done.

In the case of UNITS, the smallest of the sub-units is

checked for affordability, If it passes there is a chance that

others may too, whereas if it fails, so win all others.

No L~putwill be required from you in the case of the sub-
units.

\
'\

\\ '
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In the case of SYSTEMS, the acceptability of an

approximate area that can be afforded will be proposed to

you and you will be asked to either reject or accept this

Iapproximate' proposal.

(iv) Availal~mt~._<lL&!)Qdsa.nd services

BUILDROOF stores infcrmation on the availability of local

suppliers of goods and services. At this stage, only if no

information on the availability of a goods or service is

available in BUllLDROOF's data storage mechanisms, will

you ble queried as to it's availability. If no data is available

and you do not know of any suppliers, then the assumption

will have to be made that none exists.

Simply select either <Yes> or <No> in answering all

questions in this section

(
1

I 1 (

* Availability of required modules
For each of the roofing types that have passed all

previous tests, the availability of required modules

is checked.

In the case of SYS'TEMS, the suppliers database is

checked. If no supplier of the building blocks exists,

then you will be queried as to whether you are

interested in investigating the possibility of

constructing the building blocks yourself,

(

o
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* Availability of equipment. materials, tools and

labour

These will be handled in much the same way as

above, in that the availability of those equipment,

materials, tools and labour required for each roofing

type will be queried.

(v) Acceptability of roofing.J~

This step is done so as to find out what your own personal
preference is.

All those roofing types that have passer' "he previous tests

are now displayed on the screen. You will be asked to

indicate which of these roofing t)P~S you would like to

investigate further. Your BUILDROOF VISUAL GUIDE,

contains illustrations of the roofing types and plans of the

different sub-units. It should therefore assist you in this

step.

In the case of the units, a list of the sub-units of each units

roofing type is given and you are asked to s:lect those that

you find acceptable.(

l.
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SECTION B

In this part, a more detailed costing of all those roofing types that

were channelled down through Section A, is undertaken. Costing

of each sub-unit in the case of each UNIT roofing type and each

Building block in the case of a SYSTEM roofing type is now

carried out.

You will be asked for costs of services and goods required for the

roofing types which you wish to investigate further. Facilities exist

whereby data on the availability of goods and services and their

costs can be obtained. These facilities can be accessed from the last

option on the goods or services cost querying screens i.e Don't

know - more info required. If you select this option, a screen

containing details of local suppliers and their costs will be

displayed. Use this info to answer the cost queries.

Answer all questions as accurately as possible.

At the end of this section 2H sub-units and system building blocks

will have been priced.

If affordable, the individual costs of modules, equipment, materials,

tools and labour are then stored ready for output.

In the case of SYSTEMS, the costs that have been calculated are

per building block. Thus once again an affordable area will be

proposed to you and you will be asked to either reject or accept
this final proposal.

ili1
I
,i (

G

D
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Option 2: OUTPu~r BUILDROOF RtJN RESULTS

This optir> iii~r'Ws you to view the filial preuicted costs for all the roofing

types, be the/ :-I'ir-units or system. '~.J"" ~JI passed all the BUILD.ROOF run

sub-sections,

_0

The total cost of each roofing type is sub-divided into the five categories i.e

modules, equipment, materials, tools and labour.

Minimal input is required from you. Simply follow the basic instructions

given.

Note: A run number win be issued to you for each roofing type. Please make a note

of this number since it will be required for Option S.

Option 3: CHANGE LOCATION

(

Ghe location which you select is instrumental in selecting roofing types that ~

are climatically suitable. This option (as discussed in Option 1) allows youJ'
to change these location details.

~:=========================



This option allows you access to the facilities in which suppliers of any

goods or services can advertise.

13

The current location will be displayed and you will be asked whether you

wish to change this present location. If you select to, a list of provinces,

homelands and states for which data is available will be shown. When one

has been selected, the main towns I cities of that province / homeland /

state will appear on the screen and you will be asked to choose the city or

town closest to the location in which the house is to be built.

Option 4: INPC'I: OF D!.TA ON AVAILABILITY OF MODULE:£.

EQUI}iMENT. MATERIALS, TOOLS AND LA.nOUR

!.==========================::=:!J

You will be queried as to' which of the following goods or services you

wish to enter data on i.e. modules, equipment, materials, tools or labour

and then more specifically the actual goods or service e.g. drilling machine
from tools.

Once these nave been selected, all required information is asked of you

and stored for future use.

l
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Option 5: DATA ON ACTUAL COSTS RETI.JR._~'ED

[ By retu:ing your data on actu~ costs incurred and costs predicted during

the BUILDROOF run, this option updates the approximated costs and

approximates miscellaneous costs, both of which will be used to improve

decisions taken and predictions made in the next BUILDROOF run.

The following will be asked of you.-

d' All predicted sub-costs at the time of the BUILDROOF run

S' All actual sub-costs incurred during construction

ti' The run number issued to you with the outputting of BUiLD ROOF

run results

The period, in months, between the run, building dates and now.

Answer all questions as accurately as possible.

c

(

•
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Option 6: INPUTTING A NEW ROOFING TYPE

15

This option allows BUILDROOF's database of roofing types to be

expanded upon, thereby incorporating any roofing types (units and systems)

that have not already been included as well as new roofing types that may

be developed in the future. This therefore eliminates the need for the initial

developer of this package to have to be called in every time a new roofing

type is to be entered.

(\

This option should ideally be done by an 'expert' in the new roofing type.
All necessary information will be asked of the expert.
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Views of the EFU T60+T15 unit
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Module, 6tB&C&D

USSR 60

(Modules A&B&C&D)
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Isometric view of USSR 60
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3. CONCRETE PRECAST TROUGHS
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Front View

Back View

Internal View
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4. CONCRETE HOLLOW BLOCKS

Isometric sketch of blocks
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Table D 1 shows the 12 zones into which South Africa is divided. Basically the

zones are derived from Koppen's classification of climate with, however, due

consideration of conventional geographical and other climatic and agricultural
boundaries. (29,30)

(l

D.I

.cLIMATIC CALCULATiONS

\1

CLIMATIC ZONE'S

*
temperature (B) and

monthly precipitations (C).

WEATHER STATISTICS AVAILABIJE

The following data, amongst other, is collected at each weather station:

* the monthly average of daily maximum

temperature (A);

the monthly average of daily minimum*

'(-::-:'

1 c

Values A, Band C are averaged with data from all the previous years for which

data was available. These values (say A', B'and C I) are documented in the
WB40. (29)

METHODOLOGY IMPLEMENTED TO CALCULATE SlJITABILITY OF
ROOFING TYPES TO ZONES

" C

, 'l\,
'-

For each weather station, the maximum AI, minimum BI and sum total of all the

CI values were collected for all the major weather stations of each zone.
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Within each of the 12 zones, averages of all three values were calculated using

data from those weather stations within the par.icular zone. These values formed

the limit of each zone. (See table D1)

Data queried from the 'expert' of each roofing type included:

* maximum temperature for which roofing type is suited to

minimum temperature for which roofing type is suited to and

maximum temperature which roofing type is suited to.

(See table D2)

*
*

These values were then compared to the limits of each zone and if they fell within

those limits, then the roofing type was assumed to be suited to that zone.

(See table D3)

o

G

i'.
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ZONE

w

aria)
Warm temperate with Summer
rainfall

28.9

REGION TYPE OF CLIMATE AVERAGE
MA~ TEMP

(oC)

Namaqualand and Northwest~rn
Cape Province

AVERAGE
I MIN TEMP

(oC)

AVERAGE
ANNUAL

RAINFALL
(mm)

31.0Desert Climate 3.Q 156

.!

J
i~
I
I

M Southwestern Cape

I - , I

K Karoo (great and li~tle)

A south&rn cape Coastal Belt

Winter rainfall area;
Mediterranean climate

26.2 7.6

4.3

7.8

7.9

10.3

373

339

573

786

948

Table D1: Details of climatic zones

SE Southern Coastal Belt

Mainly Desert Climate 30.2

26.8 I 1.7 l 926 ~

a

D I Drakensberg escarpment
(interior Natal and Ka

i!::::::======

E Eastern Coastal Belt and
Zululand

Rain during all seasons 25.6

\8-'~/

~L_J

o
/..- .../l(\_

(~~~o
")

Warm temperate with Summer
rainfall maxdzaum

26.7

Subtropi.cal with Summer rains

c:~
c.

'1'1
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ZOiiE REGION TYPE OF CLIMATE AVERAGE AVERAGE AVERAGE

I MAX TEMP MIN TEMP ANNUAL
(oC) (oC) RAINFALL

(mm}

L Lowveld (Eastern Transvaal) Hot steppe (Savanna) with summez- 30.4 8.0 680
rainfal:

NT Northern Transvaal Hot Steppe with Summer rainfall I 29.6 4.0 548-
IH Highveld (Southern Transvaal, Warm temperate t~ithSummer 26.5 0.6 705

Eastern Orange Free State and ~ rainfall
Lesotho)

~
Sn Northern Steppe (Northern Cape Steppe, Summer and Autumn 31.3 0.9 500

Province and Western Orange rainfall
i,Free State:-

I Ss southern F"'ep:>e(Northeastern Cold steppe with Autumn rainfall 29.8 ~O.l 4 3
Cape Provl41ce) maximum

)'

~
):

Table Dl: Details of climat~c
zones cO'ltinued
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ROOFING Max temp eC) Min temp eC) Max rainfall
TYPE (mm)

-
USSR 40 -5 1000

EFU 38 -8 1000

Concrete 35 -2 750
troughs -
Concrete blocks ":.t;'; ~1 750..v

Table D2: Roofing type climatic details

(J

Climatic USSR EFU Concrete Concrete
zone troughs blocks

W y y y y _._
M y y y y

K y Y Y Y

A Y Y Y Y

SE t: y N N

E Y N N

D Y Y Y Y

L Y Y y Y

NT Y Y Y Y

H y y y y

Sn Y y y y.
Ss y Y y y

o

Table D3: Roofing type suitability to climatic zones
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COMMAND LANGUAGE
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: MENU
CLS
ASK (CHOICE]
1* ########BU!LDROOF##########
1*IF [CHOICE] :::1
1* ****** Claan RS Frame ******:CLEAN RS :FRAMERULES' 1 IF

IF [X] < [CURRENT RS NUM]CLEAR R 1 --
CLEl~R V 23SET [X] ([X] +1 )
GOTO CLEAN RS FRAME

ENDIFSET [X] 1
1* ****** Checks ALL RS for climatic suit. *******SET [X] 1

:CLIMATE
RULES 2/FIF [X] < (CURRENT RS NUM]CI.EAR R 2 --

CLEAR V 1SET [X] ([X] +1)
GOTO CLIMATEENDIF

IF [C]=-O
CLS
CORSET 5,10
PRINT Unfortunately, none of the roofing types in theCORSET 7,10
PRINT database are climatically suf.t ed to the Locat.LonCORSE'll9,10
aNT in which you plan to build.

CORSET 11,10PRINT Please try running this again when a greater
CURSET 13,10PRINT variety of roof types is in th,edat abaao ,
CORSET 17,10
PRINT press any key to exit BTJILDROOF
PAUSEEXIT

ENDIF
1* ************ Checks ALL RS for extras suit *****************:EXTRAS

~.ULES 24/F
IF [COUNT) < [C}

CLEAR R 3-24
CLEAR R 437-439
CLEAR V 13-19CLEAR V 21
CLEAR V 77
Cl:'EARV 79-84CI.EAR V 390
CLEAR Q 8
SET [COUNT] ([COUNT]+1)
GOTO EXTRAS

ENDIFIF [E] =,0
CLS
CURSET 5,10
PRINT Unfortunately, none of the J:'oofingtypes in theCORSET 7,10
PRINT database meet the extras as indicated byyourself.
CORSET 9,10

,..

c



(J

PRINT Try running this program again when more types
CORSET 11,10
PRINT are in the database.
CURSET 14,10PRINT Press any key to exit BUILDROOF
PAUSEEXITEND I]'/* ************ Draft costing test *****************SET rxj 1

:FIN DRAFT
IF [X]<=[E]

RULES 27/FSET [X] ([X] +1 )
CLEAR R 25-27
CLEAn.R 305CLEAR v 24
CLEAR V 28
CLEAR V 49
CLEAR V 85
CLEAR V 87
CT....EAR V 248-253
CLEAR Q 27
CLEAR Q 80
GOTO FIN DRAFT

ENDIFIF [F]=1
CLS
CURSET 5,10PRINT Unfortunately, none of the roofing types in the
CURSET 7,10
PRINT dat.abase meet your financial limitations.
CURSET 9,10
PRINT Please try running BUILDROOF a.gainwhen more
CURSET 11,10
PRINT types are in the database.
CURSET 14,10PRINT Press any key to exit BUILDROOF
PAUSE
EXITENDIF/* ********** ~irst MODULES che~k **************SET [F) (Dn -1 )

SET [COUNTER] 1
SET [X] 1
:MODULES NEW RSIF-[X]-<= LFJ

:MODULES SETRULES 39::-41/F
IF [COUNTER] < [CG~RENT RS NUM]CLEAR R 30-41 --

CLEAR V 104-107
CLEAR V 109
CLEAR V 254
CLEAR Q 33-36
CLEAR Q 81-82SET [COUNTER] ([COUNTER] + 1 \

GOTO MODULES SETENDIF
RULES 42/FSET [COUNTER] 1
SET [X] ([X]+1 )
CLEAR R 28-42
CLEAR V 88-89
CLEAR V 104-107
CLEAR V 109



o

CLEAR V 254
CLEAR Q 32-36
CLEAR Q 81-82
GOTO MODULES NEW RS

ENDIF
IF [D]=O

CLS
CORSET 5,10
PRINT Unfortunately, the modules required for
CURSET 7,10
PRINT the roofing types which you are investigating,
CURSET 9,10
PRINT are not knovffito be available in.your area.
CORSET 11,10PRINT Please try running BUILDROOF again when more
CURSET 13,10
PRIN'l'data on modu.Le s availability and a greater
CURSET 15,10PRINT variety of roof types is in the database.
CURSET 18,10
PRINT Press any key to exit BUILDROOF
PAUSE
EXrl'

ENDIF/* ************** First EQUIPMENT Check *************~*****SET [COUNTER] 1SET [X] 1
:EQUIP NEW RSIF [x]-<= TD]

:EQUIP SET
RULES 52-54/F

IF [COUNTER] < [CURRENT EQUIP NUM]CLEAR R 45-54 - -
CLEAR V 111-115CLEAR V 256
CLEAR Q 39-42
SET [COUNTER] ([COUNTERJ+1)GOTO ~_,QUIPSET

ENDIF -
RULES 55/F
SET [COUNTER] 1SET [X] ([X] +1)
CLEAR R 43-55
CLEAR V 101-102
CLEAR V 111-115
CLEAR V 255-256
CLEAR Q 38-42
GOTO EQUIP NEW RSENDIF --

IF [Q]=O
CLS
CORSET 5,10
PRINT Unfortunately, not all the equipment required forCURSET 7,10
PRINT the roofi.ng types whd.chyou are investigating,CURSET 9,10
PRINT is known to be available in your area.CURSET 11,10
PRINT Please try running BUILDROOF again when moreCURSET 13,10
PRINT data on equipment availability and a greaterCORSET 15,10
PRINT variety of roof types is in the database.CURSET 18,10
PRINT Press any key to exit BUILDROOFPAUSE

o
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EXIT
ENDIF

/* ************ First MATERIALS Chbck*****'k********************
SET [COti'NTER;1SET [X] 1

:M"ATERIALS NEW RSIF [X] <= TQ) _
:M.l>..TERIALSSE':£'
RULES 65-6'?/F

IF [COu"NTER] < [CURRENT_MAT_NUMJ
CLEAR R 58-67
CLEAR V 92-94
CLEAR V 97-98
CLEAR V 257
CLEAR Q 28-31SET [COUNTER] «(COUN'l'ER]+1 )
GOTO MATERIALS SET

END IF
RULES 68/F
ssr [COUNTER] 1SET [X] ([X] +1 )
CLEAR R 56-68CLEAR V 125-126
CLEAR V 257-258
CLEAR V 92-94
CLEAR V 97-98
CLEAR Q 28-31CLEAR Q 37
GOTO MATERIALS NEW RSENDIFIF [MJ::::O
CLSCURSET 5,10PRINT Unfortunately, not all the materials required for
CURSET 7,10
PRINT the roofing types which you are investigating,
CURSET 9,10
PRINT are known to be available in your area.
CURSET 11t10PRINT Please try running BUILDROOF again when more
CURSET 13,10
PRINT data on materials availability and a greater
CURSET 15,10PRINT variety of roof types is in the database ..
CURSET 18,10
PRINT Press any key to exit BUI~DROOFPAUSE
EXIT

ENDIF
/* ********** First TOOLS Check *******************************SET [COUN'rER] 1SET [X] 1

:TOOLS NEW RSIF [X]_'<= TMJ
:TOOLS SE'I'RULES i8~80/F

IF (COUNTER] < [CURRENT TOor. NUM]CLEAR R 71-80 -- -
CLEAR V 26-27
CLEAR V 41
CLEAR V 90-91CLEAR V 99
CLEAR Q 10-13
SET [COUNTER] ([COUNTER]+1)GOTO TOOLS SETENDIF

{~'
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ENDIF
IF [T]=O

CLSCORSET 5,10
PRINT T 1iortunately, not all the tools required forCURSE'll7, 10
PRINT the roofing types which you are investigating,
CURSET 9,10PRINT are known to be ava.i.Lab.Le in your area..
CORSET 11,10
PRINT Please try running BUILDROOF again when more
CORSET 13,10
PRINT data on tools availability and a greater
CURS~tT 15 , 10
PRINT variety of roof types is in the database.
CORSET 18,10PRINT Press any key to exit BUILDROOF
PAUSEEXIT

ENDIF/* *********** First LABOUR Check **************+*******SET [COUNTER] 1
SET [X] 1

:LABOUR NEW RSIF [X] <= (T]
:LABOUR SETRULES 9T-93/F

IF [COUNTER] < [CURRENT LAB NOM]CLEAR R-84-93
CLEAR 'I 120--124
CLEAR V 260
CLEAR Q 44-47
SET [COL~TER] ([COUNTER]+1)
GOTO LABOUR SE'!'

RULES 81/FSET [COUN!'ER] 1SET [X} ([X] +1 )
CLEAR R 69~81
CLEAR V 26-27
CLEAR V 41
CLE1\,.RV 90 -91
CLEAit if 99
CLEAR V 100CLEAR if 103
CLEAR V 262
CLEAR Q 9-13GOTO TOOLS__NEW_RS

o

ENDIF
RULES 94/FSET [COUN'l'ER]1SET [X] ([X] +1 )
CLEAR R 82-94
CLEAR V 116-117
CLEAR V 120-124
CLEAR V 259-260CLEAR Q 43-47
GOTO LABOUR NEW RS

ENDIFIF [L]=O
CLS
CURSET 5,10
PRIN'rUnfortunately, not all the skills required for
CURSET 7,10
PRIN'].'the roofing types which you are investigating,
CURSET 9,10PRINT are known to be available in your area.

c



CURSET 11,10
PRINT Please try running BUILDROOF again when more
CURSET 13,10PRINT data on skills availability and a greater
CURSET 15,10
PRINT variety of roof types is in the database.
CURSET 18,10
PRINT Press any key to exit BUILDROOF
PAUSE
EXIT

ENDIF/* ******************************************************SET [COUNT] 1
:ACCEPT
RULES 105-114/F

IF [COUNT] < [L]
CLEAR R 105-114
SET [COUNT] «(COUNT]+1)
GOTO ACCEPT

END:~~"IF [11.]=0
CLSCORSET 5,10
PRINT Unfortunately, none of the roofing types which
CORSET 5,10
PRINT we have been investigating, and whf.ch suit yourCURSET 5,10
PRINT climatic, financial and extras criteria are
C1JRSET 5, 10
PRIM'llacceptable to you.
CORSET 5,10
PRINT Please try running BUILDROOF again when a greater
CUR~FT 5,10
PR~N~ variety of roof types is in the database.
CURSET 5,10
PRINT
CURSET 5,10PRINT Press any key to exit BUILDROOF
PAUSEEXIT

ENDIF/* *******************************************************SET [X] 1
:COSTI~GSET [COUNTER] i
IF [X] <= [A]

RULES 115/F
IF [TYP~l]=1SEI1! [U] [FIRST SU]

GOTO UNITS
ELSE

GOTO SYSTEMS
ENDIF
:UNITS:SUB UNITS ACCEPT~- IF [U] <= ([FIRST SU]+14)

RULES 116-151/F
SET [COUNTER] ([COUNTER]+1)SET [U] ([U] +1)
CIJEARR 116-151CLEAR V 51-53
CLEAR Q 16
GOTO SUB UNITS ACCEPT

I, (J

ENDXF
RULES 152-166/FSET [UJ [FIRST SU]



:COST SUB UNITS
-IF TU] <= [LAST SU]

IF [INVESTIGATE SU] = 0
SET [U] ([uJ +1)
CLEAR V 76
GOTO COST_SUB_lJNITS

ENDIF
/* ******************~*************~~;*J~~~;l*l*

:SYSTE~1:S
I F

:MODULE COSTING
[ C 0 U NT ] < =

RULES
[CURRENT MOD NUM]_ -
184-192/F

193-197/F

IF [00]=1

RULES
ENDIF
RULES'j98/F

184-198
159-163
165
266
53-57
o

CLEAR R

CLEAR V

CLEAR V

CLEAR V

CLEAR Q
SET [00]

GOT 0
MODULE_COSTING

ENDIF
RULES 199-204/F

/* *******************************************SET [COm~T] 1
~EQUIPMENT COSTING

IF [COUNT] <=[CURRENT_EQUIP_NUM]
205-217/!!~ RULES

IF [EE]=1
RULES
ENDIF
RULEr'
CT,.lEARR

218-226/F

o 227/F
205-227
166-174
176-178
267-269
5U-63
o
EQUIP~mNT_COSTING

CLEAR V
CLEAR V
CLEAR V
CLEAR Q
SET [EE]
GOT 0

o



ENDIF
RULES 228-229/F

/* **-I,*************x********'************* SET [COUNT] 1******
:MATERI"~ COSTING

[CURRENT_MAT_NUM] -IF [COUNT] <=
RULES
IF (M<1]=1
RULES
ENDIF
RULES
CLEAR R

CLEAR V

CLEAR V

CLEAR V

CLEAR Q

SET [MM]

GOT 0

167-175/F

176-180/F

181/F
167-181
151-155
157-158
263
48-52
o
MATERIAL_COSTING

ENDIF
RULES 182-183/F

/* ******************************************SET [COUNT] 1
:TOOL_COSTING

150

IF [COUNT] <==

RULES
IF ['IT]::1
RULES
END:IF
RULES
CLEAR R

CLEAR V

CLEAR V

CLEAR V

CLEAR V

SET [TT]
CLEAR Q

G 0 T 0

1\

[CURRENT TOOL NOM]- -
230-242/F

243~251/F

252/F

o

230-252
63-69
71-75

o

270-272
o
17-22

l TOOL_COSTING
ENDIF
RULES 253-254/F

/* *************************** ..~****.:.*********~ET[COUNT] 1
:LAB_COSTING



IF [COUNT] <=
[CURRENT_LAB_NUM]

RULES
255-265/F

IF [LL]=1
RULES

266-272/F
ENDIF
RULES

273/F
CLEAR R

255-273
CLEAR V I)

179-186
CLEAR V

188-189
CLEAR V

273-275
CLEAR Q

64-69
SET [LL]

0
G 0 T 0

LAD COSTING
ENDIF
RULES 274-275/F.'

c

/* ****************************************
RULES 216-278/F
SET [MAT COST] 0
SET [MOD COST] 0
SET [TOOL COST] 0
SET [EQUIP COST] 0
SET [LAB COST] 0
SET [MAT COST FeD] 0
SET (MOD COST FCD] 0
SEm [TOOL COST FCD] 0
SET [EQUIP COST FeD] 0
SET [LAB COST FCD] 0
SET [TOTAL COST] 0
CLEAR R 115-278
CIfEARV 63-69
CLEAR V 71-76
CLEAR "i" .C 155
CLEAR" ~ :\~163
CLEAR J ,CJ )-174
CLEAR V 1/6-186
CLEAR V 188-'}90
CLEAR V 195
SET [MM] 0
SET [00] 0
SET [TT} 0
SET (EE] 0
SET [LL] 0
CLEAR Q 17-22
CLEAR Q 48-69
IF [TYPE]=OGO'ro HERE
ENOIF
SET [U] ([U]+1)
GOTO COST SUB UNITS

o

I-, ENDIF
:'9:ERE
CLEAR R 115-278
CLEAR R 479
CLEAR Q 14
CLEAR Q 16



CLEAR Q 17-22
CLEAR Q 118
CLEAR V 39
CLEAR V 42-49CLEAR V 51-76CLEAR V 'j 29-149
CLEAR V 263-275CLEAR V 479-488
CLEAR V 503-507
CLEAR V 556-559SET [X] ([X] +1 )
GOTO COSTING

ENDIF
CLS
CURSET 5,10PRINT BUILDROOF run complete.
CORSET 8,10PRINT To view results, select option 2 of the BUILDROOF menu.
CURSET 13,10PRI~TT Press any key to return to the BUILDROOF menu
PAUSE
GOTO MENUENDIF
/* #####i~######## OUTPUT DATA ######f'!1#############IF [CHOICE]=2

SET [SYS] 1
:BYSTEMS OUTPUTIF TSYS] <= [SYS NUMBERS]

RULES 440-441/FCLEAR R 440-441
CLEAR V 511-513CLEAR V 515~·525
CLEAR Q 116
SET [SYS] ([SYS,l+1 )
GOTO SYSTEMS OUTPUT

ENDIFSET [UN] 1
:{JNITS OUTPUTIF [UN] <= [UN NUMBERS]

RULES 4427F
CLEAR R 442
CLEAR V 529-541
CLEAR Q 117SET [UN] ([UN] +1 )
GOTO UNITS OUTPUT

ENDIF

))
/

o

CLSCURSET 5,10
PRINT Output of results completed
CURSET 15,10PRINT Please be patient for a few minutes. The data-bases
CURSET 17,10
PRINT are being prepared for the next run of BUILDROOF./* ******** CLEANS FRAMES *********************SET [X] 1

1*:CLEAN SUPPLIERRUL,ES 443/F
IF [X] < [CURRENT RS NUM]CLEAR R 443 - -

CLEAR V 542SET [X] ([X] +1 )
GOTO CLEAN SUPPLIER

ENDIFSET [X] 1

()

/*



:CLEAl-:.MD EUINF
RULES 474/F
IF [X) < (CURRENT MOD NUM)CLEAR R 474 - -

CLEAR V 542SET [X] ([X] +1 )
GOTO CLEAN MD EUINF

ENDIF
SET [X] 1

/*:CLEAN EQ EUINF
RULES 475/FIF [X) < [CURRENT EQUIP NUM)CLEAR R 475 - -

CLEAR V 542SEn: [X] ([X] +1)
GOTO CLEAN EQ EUINFENDIF _. -

SET [X] 1
/*:CLEAN :twIT EUINF

RULES 476/FIF [X] < [CURRENT MAT NOM]CLEAR R 476 - -
CLEAR V 542SET (X] ([X] +1 )
GOTO CLEAN MT EUINF

ENDIFSET [X] 1
/*:CLEAN TL EUINF

RULES 477/FIF [X] < [CURRENT TOOL NOM}CLEAR R 477 -
CLEAR V 542SET [X] ([X] +1 )
GOTO CLEF~ TL EUINF

ENDIFSET [X] 1
/*:CLEAN LB EUINF

RULES 478/FIF [X] < [CURRE::t--TTLAB NOM]CLEAR R 478 -
CLEAR V 542SET [X] ([X]+1 )
GOTO CLEAN LB EUINF

END!)r - -
SET I~X] 1

o

CLSCURSET '1 5 I 15PRINT Thank-you. PJease press any key to return to the menu
PAUSE
GOTO MENU
ENDIF
/*/* ################ C~~GE LOCATION #########################
IF [CHOICE]=3ASK [CHANGE LOC]IF [CHANGE LOC]::::IIN"

GOTO MENU
ENDIFIF (CHANGE LOC]="n"

GOTO MENU
ENDIFIF [CHANGg_LOC]="Y"

o

l,
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WEND
CLSCURSET 8,19
PRINT Reset of location details complete
CURSET 15,15
PRINT Press any key to return to BUILDROOF MENU
PAUSE
GOTO MENU

ENDIF
TF [CHANGE LOC]="y"

GOTO YES
ENDIF.ENDIF

i* ############### ENTER INFO #####################
IF [CHOICE]=4

RULES 279-295/F
GOTO MENU

ENDIF
1* ############### ENTER RS FACTOR INFO ####################
IF [CHOICE]=5

CLSCURSET 10,8
PRINT Thank you for returning the data on ACTUAL costs
CURSET 12,12
PRINT incurred as apposed to QUOTED costs
CURSET 18,12
PRINT Please press any key to commence
PAUSE
ASK V 358RULES 327-330/F

RESULTS
core MENU

ENDIF
1* ############## INPUT A NEW RS #####################
TF [CROICF.]=6

CLSASK [NRS NAME]
RULES 33"Z-333/F
RULES 334-348/F
RULES 479/F

%%%%%% CLIM %%%%%%%
wrULE [NRS CLIM COUNTER] <= 12

RULES 3317F
SET [NRS CLIM COUNTER] ([NRS_CLIM COUNTER] +1)CLEAR R '3"31 -
CLEAR [MIN TEMP]
CLEAR [MAJCTEMP]
CLEAR [MAX=RAIN]

:YES
CLS
RULES 296-303/11'
WHILE [NUM]<= [CURRENT RS NOM]RUIJES 304/F .'- -

SET [NUMJ ([NUM]+1)
CLEAR R 304
CLEAR [CIJIM_SUIT]

/*

/*

o

WEND
RULES 436iF
IF [E]=1WHILE [SU COUNTER] <=

RULES 349-355/FSET [SU COUNtrER]
CLE:ARR-349-355
CLl!!ARV 398CLgAR V 403-406

[NRS_SU_NO]
([SU_COUNTER] +1)l

WEND



WHILE [BB-COUNTER] <= (NRt_BB_NO)
RULES 356/F
SET [C] [START]

W H I L E [ C ] < -
([LAST_FINISH}+[NRS_SU_NO))

RULES 357/F
CLEAR R 357
CLEAR V 407
CLEAR V 409SET [C] ([Cl+1 )

WEND

WEND
ENDIF check eq,mat,tl and lab, add new, enter d~ta
:NRS EQUIP-RULES 377-378/F

IF (NRS ADD EQUI::?]=="y"
CLEAR R 370-378
CLEAR V 119
CLEAR V 306-312
CLEAR V 412-413
CLEA..~Q 98-99GOTO NRS EQUIPENDIF -

SET (COUNTER] '1
IF [EJ=2GOTO EQUIPY
ENDIF:NRS EQUIP DATA-SET [~) [START]
WHILE [C) <= ([LAST FINISH) + [NRS SU NO)):EQUIPY - _, -

IF [COUNTER] <= [EQUIP l,UM)
RUT~ES 406-413/F
CLEAR R 406-413
C1.EARV 115CLEAR V 421-423
CLEAR V 431-436CLEAR Q 105CLEAR Q 'I 08~'109
GOTO EQUIPY

CLEAR R 356-357
CLEAR V 399CLEAR V 407
CLEAR V 409SET (BB_COUNTER] ([BB_COUNTER] +1)

o

ENDIF
SET [COUNTER] 1
IF [E)=2
ENDIFSET [C] ([C] +1 )
CLEAR V 409

GOTO NRS MATERIALS

o

WEND:NRS MATERIALS--RULES 394-395/F
IF [NRS ADD MA'r]="Y"

CLEAR R 379-395
CLEAR V 95
CLEAR V 276-285
CLEAR V 414-415
CLEAR V 428
CLEAR V 489-493
CLEAR Q 100-101
GOTO NRS MATERIALSl~NDIF --

..



IF [E]=2
GOTO MATY

ENDIF
:NRS MAT DATA
SET TC] TSTART]WHILE [C] <= ([LAST_FINISH] + [NRS_SU_NO] )

:MATY
IF [COUNTER] <= [MAT NUM]RULES 414-418/F

CLEAR. R 414--418
CI.JEARV 97
CLEAR V 427CLEAR V 429
CLEAR V 449-450
CLEAR Q 107
CLEAR Q 110-111
GOTO MATY

ENDIF
SET [COUNI'ER] 1IF [E]=2
ENDIFSET [C] ([C] +1 )
CLEAR V 409

GOTO NRS 'l'OOLS

WEND
:NRS T')OLSRULES 368-369/E'IF [NRS l-!.DD TOOL] ="Y"

CLEAR Ft 358-369
CLEA.R 'iT 25(!LEAR'iT199-206
CLEAR V 410-411
CLEAR V 508-509
CLEAR Q 96-97
GOTO NRS TOOLS

ENDIF
IF [E]=2

GOTO TOOLY
ENDIF

:NRS TOOL DATA-SET TC] [START]
WHILE [C] <= ([LAST FINISH)+(NRS_SU_NO]):TOOLY _

IF (CODNTER] <= [TOOL NOM]RULES 419-426/F
CLEAR R 419-426
CLEAR V 41CLEAR V 418-420
CLEAR V ·137-442
CLEAR Q 104
CLEAR Q 112-113
GOTO TOOLY

o

ENDIF
SET [COUN'rER] 1
IF [E]=2
ENDIFSET [C] ([C]+1 )
CLEAR V 409

GOTO NRS LABoua

'l
Wl'iND

:NRS LABOUR-RULES 404-405/F
IF [NRS ADD LAB]="Y"

CLEAR R 396-405
CLEAR V 128
CLEAR V 296-305



CLEAR V 416-417
CLEAR Q 102-103
GOTO NRS LABOUR

ENDIFIF [E]=:2
GOTO LABY

ENDIF
:NRS LAB DATA-SET-[C] [START]

WHILE (C] <= ([LAST FINISH]+[N£S SU NO]):LABY -
IF [COUNTER] <= [L~..BNUN]RULES 427-434/F

CJ.JEARR 427-434
CLEAR V 124CLEAR V 424-426
CLEAR V 443--448
CLEAR Q 106CLEAR Q 114-115
GOTO LABY

ENDIFSET [COUNr.rER]1
IF [E]=2
ENDIFSET [C] ([C] +1 )
CLE~ V 409

fJ 435/F

GOTO HERE

·-.:)~~·$:?~/X--,
PRIN~- l,:;r~::"':f t.:f data on new RS is completePAUSE ,-
GOTO MEN~

ENDIF
/* ############# EXIT r.roDOS ######################
IF (CHOICE]=7

BEEP
EXIT

ENDIF
DONE

o..
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Su.l:>ject :BUILDROOF - An expert system for selecting roofing types in
developing
areas

Author:
Silvia Oliveira

Starting text:
BUILDROOF is an expert system designed to guide and advice you
inselecting a roofing type which is best suited to your needs,
wants andlimitations.
This process involves an investigation of your location, extra
featureswanted, the availability of goods and servi(:es to you aridfinally
affordability and acceptability to you.
In order to run BUILDROOF, select option #1 from the BUIJ,.DROOF
MENU.

Press <ENTER> to continue

Ending text:
end

stops afte- first successful rule in data derivations.
Probability System: 0 - 10
DISPLAY THRESHOLD: 1
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!
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RULES:

RUIJE NUMBER: 1IF: [CLIMO]=1
THEN:

FRAME ("RS" I #RS#=[X], #CLIM#:=O)
and FRAME ("RS", #RS#=[X] , #EXTRAS#:=O)
and FRAME ("RS", #RS#=[X] , #MATS#:=O)
and FRAME ("RS" r #RS#=[X] , #TOOLS#:=O)
and FRAME ("RS II , #RS#=[X] , #EQUIP#:=O)
and FRAME ("RS", #RS#=[X], #Ll>.BOUR#!=0 )
and FRAME ("RS" , #RS#=[X], #FIN#:=O)
and FRA.ME("RS" , #RS#=[X], #ACCEPT#:=O)

ELSE:
FRAME ("RS", #RS#=[X] , #EXTRAS#:=O)

and FRAME ("RS"7 #RS#=[XJ, #MATS#:=O)
and FRAME ("RS" , #RS#=[X], #TOOLS#:=O)
and FRAME ("RS", #RS#=[X]f #EQUIP#:=O)
and FRANF ("RSI!, #RS#=[XJ, #LABOUR#:=O)
and FRAME ("RSH

, #RS#=[X} , #FIN#:=O)
and FRAME ("RS" I #RS#=[XJ, #ACCEPT#:=O)----------------------------------------RULE NUMBER: 2

IF: [CLI_SUIT]=-="Yes"
TEEN: [C) IS GIVEN THE VALUE [C]+1

and FRAME ("RS", #RS#==[X]I #CLIM#:=[C])and. FRAME ("NUMBERS.FRM", $ITEM$="Clim_chg" , #NUM#:=O)
ELSE: RT is not climatically suitableand FRAME ("NUMBERS.FRM", $:I'IEM$:="Clim_chg",#NUM#:=O)
RULE l~ti'MBER:3
IF: Have your walls already been built? Yes

and [HALLS_BUILT]="No"
THEN: Extras are not met
RULE NUMBER: 4
IF:o Have your walls already been built? Yesand [SF.'ill_ACT]> [SPAN_ALLOW]
THEN: Extras are not met

o
RULE NUMBER: 5
IF~

l
Have your walls already been built? Yes

and What WALLING MATERIAL has been used? concrete blocksand [WALL_CONCRETE]="No"
THEN:

Extras are not met

--~



o

o

RULE NUMBER: 6
IF: Have your walls already been built? Yesand What WALLING MATERIAL has been used? bricks

and [WALL_BRICKS]="No"
THEN:

Extras are not met
RULE NUMBER: 7
IF:

and
etc.and

Have your walls already been built? Yes
What WALLING MATERIAL has been used? sheeting, cardboard
[WALL_SHEETS]::;"NO"

THEN:
Extras are not met

RULE NUMBER: 8IF:
Have your walls already been built? Noand Do you have a specific breadth and length that you want

for your home?
Yes

and [SPAN_WANT]> [SPAN_ALLOW]
THEN:

Extras are not met
RULE NUMBER: 9IF:

and
blocks

and

Have your walls already been built? NoWhat Wp~,LING material are you planning to use? Concrete
[WALL_CONCRETE]="No"

THEN:
Extras are not met

RULE NUMBER: 10IF: HaVe your walls already been built? No
and What WALLING material are you planning to use? Bricks
and [WALT.J_BRICKS]="No"

THEN:
Extras are not met

RULE NUMBER: 11IF:
Have your walls already been built? Noand What WALLING material are you planning to use? Sheeting,

cardboard etc.and [WILL_SHEETS]="No"
THEN:

Extras are not met
RULE NUMBER: 12
IF:
pitch

andt)ouble
and

Which PITCH would you like for your roofing type? Mono
Which PITCH would you like for your roofing type? NOTpitch
Which PITCH would you like for your roofing type? NOT



otherand Which PITCH would you like for your roofing type? NOT Any
of the above

and [PITCH_MONO]="No"
THEN: Extras are not met
RULE NUMBER: 13
IF: Which PITCH would you like for your roofing type? Double
pitchand Which PITCH would you like for your roofing type? NOT Mono
pitch

and Which PITCH would you like for your roofing type? NOT
Otherand Which PITCH would you like for your roofing type? NOT Any
of the above

and (PITCH_DBL]="No"
THEN: Extras are not met
RULE NUMBER: 14
IF: Which PITCH would you like for y·j-lr roofing type? Other

and Which PITCH would you like fOL your roofing type? NOT Mono
pitchand Whicil PITCH would ITOU like for your roofing type? NOT
Double pitch

and Which PITCH would you like for your roofing type? NOT Any
of the aboveand [PITCH_OTHER]="No"
THEN:

Extras are not met
RULE NUMBER: 15
IF:
pitch

Which PITCH would you like for your roofing type? Mono
OR Doublepitch
Which PITCH wou Ld you like for your roofing type? NOTandOther

and Which PITCH would you
of the above

and [PITCH MONO]="No"
and [PITCH-DBL]="No"

like for your roofing type? NOT Any

THEN:
Extras are not met

o RULE NUMBER: 16
IF:

(J

Which PITCH would you like for your roofing type? Mono
pitch OR Other

and Which PITCH would you like for your roofing type? NOTDouble pitch
and Which PITCH would you like for your roofing type? NOT Any

of the aboveand [PITCH MONO]=ItNd'
and [PITCH:OTHER]="No"

THEN:l
Extras are not met



RULE NUMBER: 17
IF:

Which PITCH would you like for your roofing type? Double
pitch OR Other

and Which PITCH would you like for your roofing type? NOT Mono
pitch

and Which PITCH would you like for your roofing type? NOT An~'
of the aboveand [PITCH DBL]="No"

and [PITCH OTHER]="No"
THEN:

Extras are not met
RULE NUMBER: 18
IF:

Is a CEILING or potential the:refore necessary? Yes
and [CEILING]="No"
and [CEILING_FACJ="No"

'rHEN: Extras are not met
RULE NUMBER: 19
IF:

andand
Are GUTTERS or Dotential therefore necessary? Yes[GUTTERS INCL]= 'rINo"
[GUTTERS:FAC]="No"

THEN:
Extras are not met

RULE NUMBER: 20
IF: (

Is the roofing type wanted as AATE~WORARY HOUSINGAA? Yes
and [TEMPORARY]="No"

THEN:
Extras are not met

RULE NUMBER: 21IF:
Must the roofing type be suitable for EXTENSIONS at alater stage? Yes

and [CORE_HOUSE]="No"
THEN:

Extras are not met

o
RULE NUMBER: 22
IF:

[COASTAL REG]="E"
and Is the srte of your home closer than 15km from the coastand [COASTAL]="No"

THEN:
Extras are not met

o RULE NUMBER: 23
IF:

l [COASTAL REG]="A"
and Is the sTte of your home closer than 15km from the coastand [COASTAL]="No"

THEN:
Extras are not met



RULE NlJMBFR: 24
IF:

Extras are met
THEN:

[E] IS GIVEN THE VALUE [E]+1and FRAME (!IRS",#CLIM#= [COUNT], #EXTRAS#: = [E])
RULE NUMBER: 25
IF: [RS TYPE]=JlUnit"

and How wou Ld you best describe yourself? "'''Smallscale
contractor"" OR

Artisan OR ""Self-builderh"and [FIN_AVAIL]> [It'IN_UNIT_DRAFT]
THEN: UNIT or SYSTEM has passed initial draft financial test?
Yesand FRAME ("RS", #EXTRAS#= [X], #FIN#:= [F])
RULE NUMBER: 26
IF: [RS TYPE]:.=:"Sys"

and How would you best describe yourself? ""SmaIl scal.s
contractor"" OR VArtisan OR i\"Self-Ddilde:L"" ,..---'-----..-

and You can afford approAimately([ [AREA AFF]]) [[SYS_UNITS]]
of the ~[[SYS NAffffi]].Is this acceptable to you i.e~ do you wishto _

continue investigating this roofing type? Yes
THEN: UNIT or SYSTEM has passed initial draft financial test?
Yesand FRA.'ME("RSH, #EXTRAS#= [X], #F"I.N#:= [F])
ELSE: UNIT or SYS~EM has passed initial draft financial test?
No
RULE NUMB}'.K: 27
IF: UNIT or SYSTEM has passed initial draft financial test?
Yes
~rHEN:

[F] IS GIVEN THE VALUE ([F]+1)
RULE NUMBER: 28
IF: [RS_TYPE_FIN]="UnitH

THEN:
Roofing type for modules check is a unit

c
RULE NUMBER: 29
IF: [RS_TYPE_FIN]="Sys"
THEN: Roofing type for modules check is a system



RULE NUMBER: 30
IF: Roofing type for modules check is a unit

and [MOD_UNITS]>0
THEN:

Module is required
RULE NUMBER: 31IF: Roofing type for modules check is a syc;tem

and [MOD_SYS]>0
THEN: Module is required
ELSE: Module is not required
RtTLENUMBER: 32
IF: [MOD_AVAIL]>0
THEN:

Module is available
RULE NUMBER: 33
IF: [MOD_AVAIL_NEW]>0

I~
I

THEN: Module is available
RULE NUMBER: 34
IF: [MOD_~TAVAIL_NEW]>O
THEN: Module is not avai~able
RULE NUMBER: 35
IF:

and
and
andand

(i.e.

Roofing type for modules check is a unit
[MOD AVAIL]=O[MOD-AVAII,NEW]=0
(MOD-UNAVAIL NEW]=O
Is ffie [(MOD Nk\1EJ] range of modules available to you?owned or _
purohas eab.ce)Yes

THEN:o Module is available
and FRAME ( "SUPPLIER", #NO#= [COUNTER], #MOD_NEW.Y# :=1 )

RULE NUMBER: 36
IF:

o
and
and
and
and

Roofing type for modules check is a system
[MOD AVAIL]=O[MOD-AVAIL NEW]=0
[MOD-UNAVAIL NEW]=O
Are T[MOD_NAME]] available to you? Yes

l THEN:
and
and

Module is available
FRAME ("SUPPLIER" , #NO#=(COUNTER] , #MOD NF.!W.Y#:=1)
FRAME ("SY_MOD" 1 #RS#= [RS_NO_FIN], $WANT$: ="B" )

I
.....--.. - ---.--- .•.------.-~-.- ..----..-.- "~-,-~-~ ..----- _. __ .._--_._-, ... --- -, ,-, ,---- .. -~
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RULE NUMBER: 37IF:
and
andand
il.nd

(i.e.

Roofing type for modul.es ch9ck is a unit[MOD AVAIL]==O[MOD-AVAIL NEW]=O
[MOD-UNAVAIL NEW]==O
Is fhe [[MOD NAME]] range of modules available to you?owned or -
:purchaseable) No

THEN:
Module is not available

and FRAME (IISUPPLIER", #NO#=[COUNTER] , #MOD_NEW.N#:=1)
RULE NUMBER: 38IF:

Roofing type for modules check is a systemand [MOD AVAIL]=O
and [MOD-AVAl'L NEW] =0
and [MOD-UNAVAIL NEW] ==0
and Are T[MOD NAME]] available to you? No
and [[MOD NAME]] are not avaf.Lab.l.e in the comm 1ity. Are youinterested in

investigating the possibility of building your own? Yes
THEN:

Module is available
and FRAME ("SUPPLIER", #NO#= [COUNTER], #MOD NEW. Y# :==';:
and FRAME ("SY_MOD" , #RS#=[RS_NO_FIN], $WANT$:="S")

ELSE:
and
and

Module is not available
FRAME C'SUPPLIER", #NO#= (COUNTER] I #MOD NEW .N#:=1 )FRAME ("SY MOD", #RS#=[RS NO F!N] $WANT$:=="")_ _ - ,

RULE NUMBER: 39IF:
and Module is requiredModule is available

THEN:
Module is OK

and [COUNTER] IS GIVEN THE VALUr.;[CURRENT_RS _NOM]

RULE NUMBER: 40
IF:

Modul~ is requiredand Module is not available
THEN:

o Module is not OKand [CotJNTER] IS GIVEN THE VALUE [CURRENT__RS_NUM]

c

RULE NUMBER: 41
IF:

Module j (~not required.i:)

THEN:
Module is OK

RULE NUMBER: 4~~
IF:

Module is OK
THEN: [D) IS GIVEN THE VALUE ([0] +1)



.".

and FF.AME (!IRS"I #FIN#= [X], #MODS#:= [D] )

RULE NUMBER: 43IF: [RS_TYPE_MOD]="Unit"
THEN: Roofing type for equipment check is a unit
RULE NUMBER: 44
I1H'o..'" . [:~B_TYPE_MOD]="Sys"
THEN: Roofing type for equipment check is a system
RULE NUMBER: 45

Roofing t.ype for equipment check Ls a unit
and (EQUIP_UNITS]>0

THEN: Equipment is required
RULE NUMBER: 46IP: Roofing type for equipment check is a system

and [EQUIP_SYS]>0
THEN:

Equipment is required

Equipment is not required
RULE NUMBER: 47IF: [EQUIP_AVAIL]>0
THEN:

Equipment is available
RULE NUMBER: 48
IF: [EQUIP_AVAIL_NEW]>0
THEN:

Equipment is available

o
RULE NUMBER: 49
IE': [EQUIP_UNAVAIL_NEW]>0
THEN: Equipment is not avad.Lab.Le

RULE NUMBER: 50
IF:

o [EQUIP AVAIL] =~)

and [EQUIP-AVAIL NEW] =0and [EQUIP-UNAVAYr, NEW)=O
and Is/are-- a/any _[ [EQUIP_NAME]] Is avaf.Lab.ccto you? Yes

THEN:
:l

Equipment is available
and FRAME ("SUPPLIBR ", #NO#= (COUNTE.t:~],#EQU_NEW. Y# :=1) (~.J

·1



RULE NUMBER: 51
IF:

[~QUIP AVAIL]=Oand [EQUIP-AVAIL NEW]=O
and [EQUIP-UNAVAIL NEW]=Oand Is/are- a/any _[ [EQUIP_NAME] ]/s available to you? No

THEN: Equipment is not availableand FRAME ("SUPPLIER" I #NO#= [COUNTER) I #EQU_NEW .N#:=1)
RULE NUMBER: 52IF~

Equipment is required
and Equipment is available

THEN:
Equipment is OK

RUI.JENUMBER: 53
IF:: Equipment is required

and Equipment is not available
THEN:

Equipment is not OK
and [COUNTER] IS GIVEN THE VALUE [EQUIP_N""JM]

RUl~E NUMBER.: 54IF::
Equipment is not z equd.ced

THIm: "Equipment is OK
I :-

RULE Nl:JMBER:55
IF:: Equipment is OK
THlm: [Q] IS GIVEN THE VALUE ([Q]+1)

and FRAME ("RSlI I #MODS#= (X], #EQUIP#: =: [Q] )

RULE NUMBER: 56
IF:

[RS_TYPE_EQUIP]="unit"
THEN:

Roofing type for materials check is a unit

o RULE NUMBER: 57
IF: [RS_TYPE_EQUIP] =!'Sys"
THEN:

Roofing type for materials check is a system
RULE NUMBER: 58
IF:

l
and Roofing type for materials check is a und,t[MAT_UNITS]>0

THIi-;N:
Material is requd.r'ed

1\ j
~
(f



RUT.JENIDllBER: 59
IF:

Roofing tyP€~ for materials check is a system
and [MAT_SYSJ>O

THEN:
Materia~ is required

ELSE:
Material is not required

RULE NUMBER:60
IF:

(MAT_AVAIL]>0

THEN:
Material is avaf.Lab.Le

RULE NUMBER:61
IF~

(:t-IAT_AVAIL_NEWJ>0

THEN:
Material is available

RULE NUMBE:R: 62
IF:

[MAT_UNAVAIL~~NEW]>0

THEN:
Material is !lot available

RULE NUMBER: 63
IF:

[MAT' AVAIL] =()
and [MAT-AVAIL NIGW]=0
and [Ml;.T·-UNAVAILNEW]=0
and Is/a"l:::e a/aJi~ [ [MAT_NAME]] /s available to you? (owned,

obtainable or
purchaseable) Yes

THEN:
Materiell is avaf.Lab'Le

and FRAME(IUSUPPLIER",#NO#=[COUNTER], #MAT_NEW.Y#:=1)

RULE NtJlvf.BER: 64
IF:

-~q

('
i

10
[MAT AV.l.\IL]:=0

and [MAT-AVAIL NEW]=O
and [M:AT-UNAVAILNEW]=0
and lSi/are a/any [[MAT NAME])/s available to you? (owned,

obtainable or _
pu.rchaseable) No

THEN:
MeLterial is not available

and FF~ME("SUPPLIERII, #NO#=[COUNTER]I #MAT_NEW.N#:=1)

()
RULE NUMBER:65
IF:

••
Material is required

and Material is available

THEN:
Material is OK



RULE NUMBER: 66
IF: Material is required

and Material is not available
THEN:

Material is not OK
and [COUNTER] IS GIVEN THE VALUE [MAT_NUM]

RULE NUMBER: 67
IF:

Material is not required
THEN:

Material is OK----------------------------------------RULE NUMBER: 68
IF: Material is OK
THEN:

[M] IS GIVEN THE VAIJUE ([M]+1)
and FRAME ("RS"I #EQUIP#= [X], #MATS#:= [M])

RULE NUMBER: 69
IF: [RS_TYPE_MAT] ="Unit"
'rHEN: Roofing Type for tools check is a unit
RULE NUMBER: 70
IF: [RS_TYPE_MAT)::::"Sys"
THEN:

Roofing Type for tools check is a system
RULE NUMBER: 71
IF: Roofing Type for tools check is a unit

and [TOOL_UNITS]>0

Tool is required

(~'"

f
1°

RULE NUMBER: 72
IF:

Roofing Type for tools check is a system
and [TOOL_SYS]>0

THEN:
Tool is required

ELSE: Tool is not requ:i.red

o
RULE NmiBER: 73
I:E' :

[TL_AVAIL]>0

l THEN: Tool is available



o

l

RULE N1JMBER: 74
.IF:

~[,HEN:
(tI'L_AVAIL_NEWJ>0

Tool is available
RULE NUMBER: 75
J:F:

THEN:
[TL_UNAVAIL_NEW]>0

Tool is not available
RULE NUMBER: 76
IF:

and
andowned,

'.,_\ THEN:

[TL AVAIL]=O[TL-AVAIL NEW]=O
IsTare a/any [[TOOL_NAME]] Is available to you? (i.e.
borrowable, rentable or purchaseable) Yes

Tool is availableand FRAME (IISUPPLIER v , #NO#= [COUNTER], #'rL_NEW. Y# :=1 )
RULE NUMBER: 77IF:

and
andowned,

THEN:

[TL Jl.~VAIL]=0[TL-AVAIL NEW]=O
IsTare a/any [[TOOL_NAME]] Is available to you? (i.e.
borrowable, rentable or purchaseable) No

Tool is not available
and FRAME ("SUPPLIER", #NO#= [COUN'rER]t #TL_NEW .N#:=1)

RULE NUMBER: 78IF:
Teol is required

and Tool is available
THEN:

Tool is OK
RULE NUMBER: 79IF:

and
THEN:

Tool is required
Tool is not available

Tool is not OKand [COUNTER] IS GIVEN THE VALUE [TOOL_NUM]
RULE NUMBER: 80
IF:

Tool is not required
THEN:

'rool is OK

I.i



RULE NUMBER: 81
IF:

Tool is OK
THEN: [T] IS GIVEN THE VALUE ([T]+1 )and FRAME ("RS", #MATS#:r:[X]I #TOOLS#:=[TJ)
RULE NUMBER: 82
IF: [RS_TYPE _TOOt,S]="Unit"
'rHEN: Roofing type for Labour check is a un+t
HULE Nli'MBER:83
:[F:

[RS_TYPE_TCJOLG)="Sys"
~[,HEN: Roofing type for: Labour check is a system
RULE NUMBER: 84
:CF: Roofing type for Labour check is a unit

and [LAB_UNITS]>0
r.['HEN:Labour is required----------------------------------------RULE NUi·1BER:85
:[F:

Roofing type for Labour check is a system
and [LAB_SYSJ>O

~mEN: Labour is required
gLSE:

Labour is not required
RULE NUMBER: 86
IF: [LAE~AVAIL] >0
THEN:

Labour is available
RULE NUMBER: 87
IF:

o
[LAB_AVAIL_NEWJ>O

THEN: Labour is available
RULE NUMBER: 88
IF: [LAEl_UNAVAIL_NEW]>0

o THEN:

l
Labour is not available

RULE NUMBER: 89
IF:

[LAB AVAIL]=O
and [LAB=AVAIL_NEW]=0



and [LAB UNAVAIL NEW]=O
and Are any [[LAB_NAME]] labourers available? Yes

'rHEN:
Labour is availableand FRAME ("SUPPLIER", #NO#=[COUNTERJ, #LAB_NEW.Y#:=1)

RULE NU"MBER: 90IF:
[LAB AVAIL]=Oand [LAB-AVAIL NEW]=O

and [LAB-UNAVAIL NEW]=O
and Are any [[LAB_Nru~]] labourers available? No

THEN:
Labour is not available

and FRAME ("SUPPLIER", #NO#= [COUNTER], #LAB_NEW.N# :=1)
RULE NUMBER: 91IF:

Labour is required
and Labour is available

THEN:
Labour is OK

RULE NUMBER: 92
IF: Labour is required

and Labour is not available
THEN:

Labour is not OK
and [COUNTER] IS GIVEN THE VALTTE [LAB_NOM] o

RULE NUMBER: 93
IF:

:"abour is not required
THEN:

Labour is OK
RULE NUMBER: 94
IF:

Labour is OK
THEN:

(~~
I

I

[L] IS GIVEN THE VALUE ([L]+1)
and FRAME ("RS", #TOOLS#= [X], #LABOUR#:= [L] )

o RULE NUMBER: 95
IF: [L]<1
'rHEN:

o

[RS1] IS GIVEN THE VALUE ""and [RS2] IS GIVEN THE VALUE ""and [RS3] IS GIVEN THE VALUE ""and [RS4] IS GIVEN THE VALUE ""and [RS5] IS GIVEN THE VALUE ""and [RS6] IS GIVEN THE VALUE 1111

and [RS7] IS GIVEN THE VALUE ""and [RS8] IS GIVEN THE VALUE ""and [RS9] IS GIVEN THE VALUE 1111

and [RS10] IS GIVEN THE VALUE ""
l

i

"'- t.



RULE N(.i'MBER: 96
IF:

[L]<2

THEN:
[RS2] IS GIVEN THE VALUE ""and [RS3] IS GIv"EN THE VALUE '"'and [RS4] IS GIVEN THE VALUE '"'and [RS5] IS GIVEN THE VALUE '"'

and [RS6] IS GIVEN THE VALUE ""and [RS?] IS GIVEN THE VALUE ""and [RS8] IS GIVEN THE VALUE 1111

and [RS9] IS GIVEN THE VALUE ""and [RS10] IS GIVEN THE VALUE ""
RULE NUMBER: 9?
IF:

[L]<3

THEN:
[RS3] IS GIVEN THE Vl>..,LUE""and [RS4] IS GIVEN THE VALUE ""and [RS5] IS GIVEN THE VALUE ""and [RS6] IS GIVEN THE VALUE ""and [RS7] IS GIVEN THE VALUE ""and [RS8] IS GIVEN THE VALUE '"'and [RS9] IS GIVEN THE VALUE '"'

and [RS10] IS GIVEN THE VALUE '"'
RULE NUMBER: 98
IF:

[L)<4

'1.:'HEN:
[RS4] IS GIVEN THE VALUE " "and [RS5] IS GIVEN THE VALUE ""and (RS6J IS GIVEN THE VALUE 1111

and [RS?] IS GIVEN THE VALUE 111'1

and [RS8] IS GIVEN THE VALUE II 1:1

and [RS9] IS GIVEU THE VALUE 1111'

and (RS10) IS GI\TEN THE VALUE III"

RULE NUMBER~ 99
IF:

[L]<5

THEN:
.. /::::""

I
10

I
;

[RS5] IS GIVEN THE VALUE ""and [RS6] IS GIVEN THE VALUE ""and [RS7) IS GIVEN THE VALUE ""and [RS8] If,.) GIVEN THE VALUE ""and [RS9] IS GIVEN THE VALUE "if
and [RS10] IS GIVEN THE VALUE ""

RULE NCJ.t>.1BER:100
IF:

[L]<6

o THEN:

l
[RS6] IS GIVEN THE VALUE ""and [RS?] IS GIVEN THE VALUE ""and [RS8] IS GIVEN THE VALUE ""and [RS9] IS GIVEN THE VALUE ""and [RS10] IS GIVEN 'l'.h.t!: VALUE ""



RULE NUMBER:101
IF:

[L] <7

THEN:
[RS7] IS GIVEN THE VP..LUE""

and [RS8] IS GI'Y'ENTHE VALUE""
and [RS9] IS GIVEN THE VALUE""
and [RS10] IS GIVEN THE VALUE I'"~~---------------------------------------

RULE NUMBER:102
IF:

[L] <8

THEl';:
[RS8J IS GIVEN THE VALUEn"

and (RS9) IS GIVEN THE VALUE""
and [RS10) IS GIVEN THE VALUE""

RULE NUMBER:103
IF:

[L]<9

THEN:
[RS9] IS GIVEN THE VALUE n u

and (RS10) IS GIVEN .r iE VALUE'"'

RULE NUMBER:104
IF:

[L)<10

THEN:
[RS10] IS GIVEN THE VALUE 1111

RULE NUMBER:105
IF:

[COUNT]=1
and You have passed the climatic I extras, mater ials I modules I

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: [[RS1]]

r~~
I
1°
I

[A] IS GIVEN THE VALUE (A]+1
and FRAME("RS" I #LABOUR#=1I #ACCEPT#:= [AJ )

RULE NUMBER:106
IF:

o

[COUNT]=2
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

inv~stigate: ([RS2]]

THEN:
[A] IS GIVEN THE VALUE [A]+1

and FR.'\ME ("RS" I #LABOUR#=2, #ACCEPT#:= [A] )



RULENUMBER:107
IF:

[COUNT]=3
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: [[RS3]]

THEN:
[A] IS GIVENTHEVALUE[A]+1

and FRAME ("RS", #LABOUR#=3,#ACCEPT#:= [A] )

RULENUMBER:108
IF:

[COUNT]=4
and You have passed the climatic, ext.r as , materials, moduL. s ,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: [[RS4]]

THEN: [A] IS GIVEN THEVALUE[A]+1
and FRAME ("RSIl, #LABOUR#=4,#ACCEPT#:=[AJ )

RULENUMBER:109
IF:

[COUN'r]=5
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: [[RS5]]

THEN:
[A] IS GIVENTHEVALUE[A]+'1

and FRAME ("RS", #LABOUR#=5,#ACCEJ?T#:== [A])

RULENUMBER:110
IF:

o

[COUNT]=6
and You have passed the climatic, extras I jna"~erials, modules,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: [[RS6)]

THEN:

" 0
[A] IS GIVENTHEVALUE[A]+1

and FRAME ("RSII I #LABOUR#:::6,#ACCEP'r#:= [A])

L
RULENUMBER:111
IF:

[COUNT]=7
and You have passed t:le clirna tic I extras I rnaterials, modules,

tools,
equipment and labour and financial constraints of the



following
roo:f:in('; types. Select those that you would like to further

investigate: [[RS7]]

THEN:
[A] IS GIVEN THE VALUE [A]+1

and FRAME("RS", #LABOUR#=:7,#ACCEPT#= = [A] )

RULE NUMBER:112
IF:

[COUNT]=8
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

following
roofing types. Select those that you would like to further

investigate: £ [RSd] ]

THEN:
..-~, [A] IS GIVEN THE VALUE [A]+1

and FRAME ("RS,I, #LABOUR#=8, #ACCEPT#:= [A] )

RULE NUMBER:113
IF:

[COUNT]==9
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

follmving
roofing types. Select those that you would like to furtl:er

investigate: [[RS9]]

THEN:
[A] IS GIVEN THE VALUE [A]+1

and FRAME("RS", #LABOUR#=9, #ACCEPT#:= [AJ )

RULE NUMBER:114
IF:

[COUNT]=10
and You have passed the climatic, extras, materials, modules,

tools,
equipment and labour and financial constraints of the

following
roo:Eing types. Select those that you would like to further

invf~stiga te : [[RS 10] ]

THEN:
[A] IS GIVENTHE VALUE [A]+1

and FRA!'4E('IRS" I #LABOUR#=10, #ACCEPT#:= [AJ )

RULE NUMBER:115
IF:

[RS_,TYPE2]='IUnit"

THEN:
[TYPE] IS GIVEN THE VALUE1

ELSE:
[TYPE] IS GIv""EN'rHE VALUE0



jf

RULE NUMBER: 116
IF:

[COUNTER]<=[NO SUBUNITS]
and How would you best describe yourself? "''''Smallscalecontractor"'"
and [FIN_AVAIL]>=[CONT]

THEN:
Sub unit has passed costing teRt

RULIt:NUMBER: 117
IF: [COUNTER]<= [NO SUBTlNITS]

and How wcmld you best describe yourself? "''''Smallscale
contractor"'''and [FIN_AVAIL]< [CONT]
THEN:

Sub unit has failed costing test
RULE NUMBER: 118IF:

[COUNTER]<= [NO SUBt.'NITS]
and How would you nest describe yourself? Artisan
and [:F'IN_AVAIL]>= (ART]

THEN: Sub unit has passed costing test
RULE NUMBER: 119
IF:

[COUN'I'ER]<= [NO SUBUNITS]and How would you oe:.t describe yourself? Artisanand [FIN_INAIL]< [Ar J

THEN:
(

Sub illlithas failed costing test
RUL,E NUMBER: 120
IF: [COUNTER]<=[NO SUBUN1TS]

and !y.:~:would you nest describe yourself? ""Self-buiJ_der""and ['4IN_AVAIL]>= [SB]
THEN~

Sub unit has passed costing test
RULE ~~ER: 121IF:

o
[COUNTER]<=[NO SUBUNITS]

and How would you nest describe yourself? ""Self-builder"'"and [FIN_AVAIL]< [SB]
THEN:

Sub unit has failed costing test
RULE NUlvIBER:122
IF:

o [COUNTER]<=[NO SUBUNITS]
and Sub unit has failed costing testand [COUNTER]=1

THEN:
[SU1] IS GIVEN THE VALUE ""and [SU1 AREA] IS GIVEN THE VALUE 0

and [SU1 AREA_UJ IS GIVEN THE VALUE ""



o
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RULE NUMBER: 123
IF:

[COUNTERJ~=[NO SUBUNITS]
and Sub unit has failed costing test
and [COUNTER] =2

THEN:
[SU2] IS GIVEN THE VALUE: ""and [SU2 AREA] IS GIVEN THE VA!JUE 0

and [SU3:AREA_U] IS GIVEN TEtE VALUE ""

RULE NUMBER: 124
IF:

[COUNTER]<=[NO SUBUNITS]
and Sub unit has failed costing testand [COUNTER] =3

THEN:
[803] IS GIVEN THE VAlUg ""

and (SU3 l\REA] IS GIVEN THE VALUE 0
and (SU3-AREA_U] IS GIVEN rL'HE ~7ALUE 1111

RULE NUMBER: 125
IF:

[COUNTER]<=[NO SUBUNITS]and Sub unit has fai.led costing test
and [COUNTER] =4

THEN:
[8U4] IS GIVEN THE VALUE '"'and [SU4 AREA] IS GIVEN THE VALUE 0

and [SU4-AREA_U] IS GIVEN THE VALUE ""

RULE NUMBER: 126
IF:

[COUNTER) <= [NO SUBUNI'I'S]
and Sub unit has failed costine testand [COUNTER) =5 -

THEN:
[SU5] IS GIVEN THE VALUE ""and [SU5 AREAl IS GIVEN THE VALUE 0

and [SU5-ARE~.,-U] IS GIVEN T.r~E VALUE '"'

RULE NUMBER: 127
IF:

[COUNTER]<=[NO SUBUNITS)
and Sub unit has failed costing testand [COUNTER] =6

THEN:
[SU6] IS GIVEN THE VA.LUE '''I

and [S'06 AREA) IS GIVEN THE VALUE 0and [SU6-AREA_U] IS GIVEN THE VALUE 1111

RULE NUMBER: 128
I]':

[COUNTER]<=[NO SUBUNITS]
and Sub unit has failed costing testand (COUNTER] =7

THEN:
[8TJ7] IS ',jIVEN THE VALUE 1I1I

and [SU7 ARE~.] IS GIVEN rrHE VALUE 0
and [stY7:AR1<::1-\_U] IS GIVEN THE VALUE I'"~

II
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RULE NUMBER: 129
IF: [COUNTER]<= [NO SUBUNI'I'S]and Sub unit has failed costing t.est

and [COUNTER]=8
THEN: [SU8] IS GIVEN THE VALUE ""

and [SU8 AREA] IS GIVEN THE VALUE 0
and [SU8=AREA_U] IS GIVEN THE VALUE ""----------------------------------------RULB NUMBER: 130

IF: [COUNTER]<::::: [NO SUBUNrrS]and Sub unit has failed costing test
and [COUNTER]=9

THEN: [SU9] IS GIVEN THE VA'LUE ""
and [SU9 AREA] IS GIVEN THE VALUE 0
and [SU9=AREA_U] IS GIVEN THE VALUE ""----------------------------------------RULE NUMBER: 131

IF: [COUNTER]<=[NO SUBUNITS]and Sub uni.thas failed costing test
and [COUNTER]=10

THEN: [SU10J IS GIVEN THE VALUE '"'and [SU10 AREA] IS GIVEN THE VALUE 0and (SU1O=AREA~_U] IS GIVEN TIlEVALUE lilt

RULE NUMBER: 132
IF: [COUNTER]<= [NO SUBUNITS]and Sub unit has failed costing test

and [COUNTER]~11
THEN: [SU11] IS GIVEN THE VAT..UE 1111

and [SU11 AREA] IS GIVEN THE VALUE 0
and [SU11-AREA_U] IS GIVEN THE VALUE ""

o

RULE NID1BER: 133
IF: [COUNTER]<=[NO SUBUNITS]

and Sub unit has failed costing test
and [COUNTER]=12

THEN:
o [SU'12]IS GIVEN THE VALUE 1111

and [8U12 AREA] IS GIVEN 'l'HEVALUE 0
and [SU12_AREA_UJ IS GIVEN THE VALUE ""

HULE NUMBER: 134

o
[COUNTER]<=[NO SUBUNITS]

and Sub unit has failed costing test
and [COUNTER]=13

THE..I:
[SU13] IS GIVEN THE VALUE ""and [SU13 AREA] IS GIVEN THE VALUE 0

and [SU13 AREA_UJ IS GIVEN THE VALUE '"'



RULE NUMBER: 135
IF:

[COUl~TER]<=[NO SUBUNITS]
and Sub unit has failed costing testand [COUNTERJ ::;::14

THEN:
[SU14] IS GIVEN THE VAT....UE ""and [SU14 AREA] IS GIVEN ThE VALUE 0and [8U14 AREA_U] IS GIVEN THE VALUE 1111

RULE NUMBER: 136
IF:

[COUNTER]<=[NO SUBUNITS]
and Sub unit has failed costing test
and [COUNTERJ=15

THEN:
[SU1 5] IS GIVEN THE VALUE ""and [~;U'15 AREA] IS GIVEN THE VALUE 0and [SU15'-AREA_U] IS GIVEN THE VALUE lIif----------------------------------------

RULE NUMBER: 137
IF:

[COUNTER] > [NO SUBUNI'rS]and [COUNTER] =1 -

T:,'EN:

andandand
and
and
andand
andand
and
andand
a.nd
and
and
andand
and
andand
anda.nd
andand
and
and
and
and
and
and
and
andandand
and
andand

c

fj)

, 'j.
.~

\)

[SU1 ] IS GIVEN THE VALUE It"

[S01 1~EA] IS GIVEN THE VALUE 0
[SU1-AREA UJ IS GIVEN THE VALUE 1111

[SU2T IS GIVEN THE VALUE 1111

[SU2 AREA] IS GIVEN rrHE VALUE 0
[SU2-AREA UJ IS GIVl!:N THE VALUE 1111

[SU3T IS GIVEN THE VALUE 1111

[8U3 AREAl IS GIVEN THE VALUE 0
[SU3-AREA UJ IS GIVEN THE VALUE ""
[SU4T IS GIVEN TEE VALUE 1111

[SU4 1L~EAJ IS GIVEN THE VALUE 0
[SU4-AREA UJ IS GIVEN THE VALUE IIVI
[SU5T IS GJ.VEN THE VAIJUE ""
[SU5 l~EA] IS GIVEN THE VALUE 0
[SU5-AREA uJ IS GIVEN 'rHE VALUE 1111

[SU6T IS GIVEN THE VALUE 1111

[SU6 AREA] IS GIVEN THE VALUE 0
[SU6-AREA U] IS GIVEN THE VALUE 1111

[SU7T IS GIVEN THE VALUE 1111

[SU7 AREA] IS GIVEN THE VALUE 0
[SU7-AREA UJ IS GIVEN THE VALUE 1111

[SU8T IS GIVEN THE VALUE 1111

[SU8 AREA] IS GIVEN THE VALUE 0
[SU8-AREA UJ IS GIVEN THE VALUE 1111

[SUgT IS GIVEN 'rHE VALUE ""
[SUg AREA] IS GIVEN THE VALUE 0
[SU9-AREA tT] IS GIVEN THE VALUE 1111

[SU1'O"] IS-GIVEN rrlt"E VALUE 1111

[8U10 AREA] IS GIVEN THE VALUE 0
[SU10-AREA U1 IS GIVEN THE VALUE 1111

[S011 T IS GIVEN THE VALUE II II

rSU11 AREA] IS GIVEN THE VAJ....UE 0
[SU11-,?ill.EA U] IS GIVEN THE VALUE 1111

[SU1 2T IS GIVEN THE VALUE 1111

(SU12 &~EA] IS GIVEN THE VALUE 0
[SU12"-AREA U] IS GIVEN THE VALUE 1111

[SU13T IS GIVEN THE VALUE ""
[SU13_A11EA} IS GIVEN THE VALUE 0

1\



and [SU13 AREA U] IS GIVEN THE VALUE ""and [SU14T IS GIVEN THE VALUE 1111

and [SU14 AREA] IS GIVEN THE VALUE 0
and [SU14-AREA U) IS GIVEN THE VALUE ""and [SU15T IS TIIVEN THE VALUE u u
and [SU1 5 AREA] IS GIVEN THE VALUE 0and (SU1S-AREl ... UJ IS GIWN THE VALUE 1111

and [U] I~ GIvEN THE VALUE 250

RULE NUMBER: 138
IF:

[CO'JNTER]>[NO SUBUNITS]
and [COUNTERj=2 -

THEN:

----------------------------------------RULE NUMBER: 139
IF:

[COtTNTER]>[NO SUBUNITS)and [COL~TER]=3 -

and
and
andandandand
and
and
and
andand
and
andand
andandand
andand
andand
andand
and
and
and
and
and
and
and
and
and
andand
andand
and
andand
and
and
and

THEN!

[SU2] IS GIVEN THE VALUE ""
(SU2 AREA] IS GIVEN THE VALUE 0
[SU2-AREA UJ IS GIVEN THE VALUE III!

[SU3T IS GIVEN THE VALUE ""[su3 AREA] IS GIVEN THE VALUE 0
[SU3-AREA UJ IS GIVEN THE VALUE ""
[SU4T IS 'GIVEN THE VALUE ""
[SU4 AREA] IS ~IVEN THE VALUE 0
[SU4-AREA UJ IS GIVEN THE VALUE 1111

[SUST IS GIVEN THE VALUE '"'
[SUS AREA] IS GIVEN THE VALUE 0
[SU5-AREA uJ IS GIVEN THE VALUE '"'
[SU6T IS GIVEN THE VALUE ""
[8U6 AREA] IS GIVEN THE VALUE 0
[SU6-AREA UJ IS GIVEN THE VALUE ""
[SU7T IS GIVEN THE VAi.JUE 1111

[SU7 AREA] IS GIVEN THE VALUE 0
[SU7-AREA U] IS GIVEN 'fHE VAIJUE 1111

[suaT IS GIVEN THE VALUE ""
[SU8 AREA} IS GIVEN THE VALUE 0
[SUa-AREA U] IS GIVEN THE Vl\LTJE '"'
[SU9T IS GIVE:N THE VALUE ""
[SU9 AREA] I~~ GIVEN THE VALUE 0
[SU9-AREA U] IS GIVEN THE VALUE ""
[SU1U] IS-GIVl~N THE VAl,UE '"'
[SU10 AREA] IS GIVEN THE VALUE 0
[SU10-AREA Ul IS GIVEN THE VALUE ""
[SU11 T IS GIVElif THE VALUE ""
[SU11 AREA] IS GIVEN THE VALUE 0
[SU11-AREA U] IS GIVEN THE VALUE 1111

[SU1 2T IS GIVEN THE VALUE ••"
[SU12 AREA] IS GIVEN THE VALUE 0
[SU12-AREA UJ IS GIVEN THE Vj.~FJE ""
[SU13! IS GIVEN THE VALUE ""
[8U1 3 .IillEA] IS GI\lEN THE VALUE G
[8U13-AREA UJ IS GIVEN THE VALUE 1.'1

[SU14T IS GIVEN THE VALUE ""
[8U14 AltEA] IS GIVEN THE VALUE 0
[SU14-AREA UJ IS GIVEN THE VALUE ""
[SU15T IS 'GIVEN THE VALUE 1111

[8U15 AREA] IS GIVEN THE VALUE 0
[SU15-AREA U] IS GIVEN THE VALUE ""
[U] I~ GIvEN THE VAllUE 250

[SU3 J IS GIVEN THE VALUE H"

II
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and
..ndand
andand
and
andandand
andand
and
andand
and
and
andand
andandand
and
and
and
andand
andand
and
and
andandand
and
and
andand
and
and

[8U3 AREA] IS GIVEN THE VALUE 0[SU3-AREA UJ IS GIVEN THE VALUE 1111

[SU4T IS GIVEN THE VALUE 1111

(SU4 AREA] IS GIVEN THE VALUE 0[SU4-AREA UJ IS GIVEN THE VALUE 1111

[SU5T IS GIVEN THE VALUE 1111

[SU5 AREA] IS GIVEN THE VALUE 0[SU5-AREA UJ IS GIVEN THE VALUE 1111

[SU6T IS 'G'IVENTHE VALUE ""[SU6 AREA] IS GIVEN THE VALUE 0[SU6-AREA UJ IS GIVEN THE VALUE '''I
[SU7T IS (jIVEN THE VALUE 11"
[SU7 AREA] IS GIVEN THE VllLUE 0[SU7-'AREA uJ IS GIVEN THE VALUE 1111

[SU8T IS GIVEN THE VALUE I'"
[SUa AREAJ IS GIVEN THE Vl~UE 0[SUa-AREA UJ IS GIVEN THE VALUE 1111

[SU9T IS GIVEN THE VALUE III'

[SU9 AREA] IS GIVEN THE V1UJUE 0[SU9-AREA UJ IS GIVEN THE VALUE 1111

[SU1UJ IS-GIVEN THE VALUE '"'[8U10 AREA] IS GIVEN THE VALUE 0
[SU1O-AREA U] IS GIVEN TH:a:VALUE ""[SU11T IS GIVEN THE VALUE I'"~
[8U11 AREA] IS GIVEN THE VALUE 0
[SU11-AREA UJ IS GIVEN THE:VALUE ""
[SU12T IS GIVEN THE VALUE '"'[SU12 AREA] IS GIVEN THE VALUE 0[SU12-AREA UJ IS GIVEN THE VALUE 1111

[8U13T IS GIVEN THE VALUE ""[SU13 AREA] IS GIVEN THE VALUE 0
[SU13-AREA UJ IS GIVEN 'rHE VALUE ""[SU14T IS GIVEN THE VALUE 1111

[SU14 AREA] IS GIVEN THE VALUE 0
[SU14-AREA UJ IS GIVEN THE VALUE ""[SUl5T IS GIVEN THE VAT.JUE1111

[SU15 ARE1\] IS GIVEN '.rHEVALUE 0[SU15-AREA UJ IS GIVEN THE VALUE 1111

[U] IS GIvEN rl'HEV?>.LUE250

)

RULE NUMBER: 140
IF: [COUNTER]>[NO SUBUt~ITS]

and [COUNTERJ=4 -
THEN:

and
and
and
and
and
and
andand
andand
and
'"'Tld
~'.\dCtndand
and
and
andand

o

o

L

[SU4] IS GIVEN 'J.1HEVALUE lill

[SU4 AREA] IS GIVEN THE VALUE 0[SU4-AREA UJ IS GIVEN THE VALUE 1111

[SU5T IS GIVEN THE VALUE 1111

[SU5 AREA] IS GIVEN THE:VALUr::0[SU5AREA UJ IS GIVEN THE VALUE II"[SU6T IS 'GIVEN THE: VAJ..TJE 1111

[SU6 AREA] IS GIVEN THE VALUE 0[SU6~EA U1 IS GIVEN THE VALUE I'"~[SU7T I8 GIVEN THE VALUE JIll

[SU7 AREA) IS GIVEN THE VALUE 0
[SU7-AREA Ul IS GIVEN THE VALUE ""
tsusr IS 'GIVEN THE VALUE ""[SUa AREA] IS GIVEN THE VALUE 0
[SUa-AREA U] IS GIVEN THE VALUE ""
[sU9T IS GIVEN THE VALUE ""[SU9 AREA] IS GIVEN 'rHEVALUE 0
[SU9-ARE.l!..UJ IS GIVEN THE VALUE ""
[SU1'O']IS-GIVEN THB VALUE ''''[SU10_AREA] IS GIVEN THE VALUE 0

J C '\ (I,' ,
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and [SU10 AREA U] lS GIVEN THE! VALUE ""
and [SU11 T IS GIVEN THE VALUE ""and [SU11 AREA] IS GIVEN THE VALUE 0
and (SU11-AREA UJ IS GIVEN THE VALUE ''''
and [SU12T IS GIVEN THE VALUE ""and [SU12 AREA] IS GIVEN THE VALUE 0and [SU1 2-AREA U] IS GIVEN THE VALUE ""
and [SU1 3T IS 'GIVEN THE VALUE I! "and [SU1 3 AREA] IS GIVEN THE VALUE 0and [SU13-AREA UJ IS GIVEN THE VALUE ""
and [SU14T IS 'G"IVEN THE VALUE ""and [SU14 AREA] IS GIVEN THE VALUE 0and [SU14~Et J] IS GIVEN THE VALUE 1111

and r.SU15T IS G:LVFN THE VALUE ""and [SU15 AREA] I:" G17EN THE VALUE, 0and [SU15-AREA U] IS Gl.Fi.."N THE VALUE 11"

and [UJ IS GIVE'N TH~ ~YhJ,}JE 250

RULE NUMBER: 141
IF:

[COUNTER]>[NO SUBUNITS]and (COUNTER] =5 -

'rHEN:

and
andand
and
and
andandand
and
and
and
and
and
andand
andand
andand
andand
andand
and
and
and
and
andand
andandand
and

o

[8U5] IS GIVEN THE VALUE ""
[SU5 AREA] IS GIVEN THE VALUE 0
[8U5-AREA U] IS GIVEN THE VALUE II II

[SU6T IS G'IVEN TB:E VALUE ""
[SU6 AREA] IS GIVEN THE VALUE 0
[SU6-AREA UJ IS GIVEN THE VALUE ""
[SU7T IS 'GIVEN THE VALUE " "
[8U7 AREA] IS GIVEN THE VALUE 0
[SU7-AREA uJ IS GIVEN THE VALUE ""
[suaT IS GIVEN THE VALUE ''''
[SUa AREA.] IS GIVEN THE VALUE 0
[SUa-AREA U] IS GIVEN lrHE VALUE ""
[sU9T IS GIVEN THE VALUE 'Ill

[SU9 AREA] IS GIVEN THE VALUE 0
[SU9-AHEA UJ IS GIVEN THE VAI,UE ""
[SU1'O"] IS-GIVEN THE VALUE ""
(SU10 AREA) IS GIVEN THE VALUE 0
[SU10-AREA UJ IS GIVEN THE V/).LUE 1111

[SU11T IS GIVEN 'THE VALUE ""
[SU11 AREA] IS GIVEN THE VALUE 0
[SU11-AREA UJ IS GIVEN THE VALUE ""
[SU1 2T IS GIVEN II'HE VALUE ""
[SU12 AREA] IS GIVEN THE VALUE 0
[SU12-AREA UJ IS GI\TEN THE VALUE ""
[SU1 3T IS GIVEN THE VALUE ""
[SU13 AREA] IS GIVEN THE VALUE 0
[SU1 3-A..~EA UJ IS GIVEN THE VALU'E ""
[SU14T IS 'GIVEN 'rHE VALUE ""
[8U14 AREA] IS GIVEN THE VAIIUE 0
[SU14-AREA U] IS GIVEN THE VALUE ""
[SU15T IS GIVEN THE VALUE ""
[SUI 5 AREA] IS GIV'EN THE VALUE 0
[SU15-AREA UJ IS GIVEN THE VAIlUE ""
[U] IS GIvEN 'l'HE VALUE 250

o ----------------------------------------
RULE NUMBER: 142
IF:

L [COUNTER]> [NO SUBUNITS]and [COUNTER] =6 -
THEN:

[SU6] IS GIVEN THE VALUE ""



and [SU6 AREA] IS GIVEN THE VALUE 0
and [SU6-AREA U] IS GIVEN THE VALUE ""
and [SU7T IS GIVEN THE VALUE ""
and [SU7 AREA] IS GIVEN THE VALUE 0
and [SU7-AREA U] IS GIVEN THE VALUE ""
and tsuer IS GIVEN THE VALUE "II
and [SU8 AREA] IS GIVEN THE VALUE 0
and [SUa-AREA UJ IS GIVEN THE VALUE '"'
and [SU9T IS GI'\lEN THE VALUE ""
and [SU9 AREA] IS GIVEN THE VALUE 0
and [SU9-AREA UJ IS GIVEN THE VALUE ""
and [SU1U] IS-GIVEN THE VALUE ""
and [SU10 AREA] IS GIVEN THE VALUE 0
and [SU1 O-AREA UJ IS GIVEN THE VALUE ""
and [SU11 T IS GIVEN THE VALUE ""
and [SU11 AREA] IS GIVEN THE VALUE 0
and [SU11-]'..REA UJ IS GIVEN THE VALUE ""
and [SU1 2T IS GIVEN THE VALUE ""
and [SU12 AREA] IS GIVEN THE VALUE 0
and (SU12'-AREA uJ IS GIVEN THE VALUE ""
and [SU13T IS GIVEN THE VALUE '"I
and [SU1 3 AREA] IS GIVEN THE VALUE 0
and [SU13-AREA UJ IS GIVEN THE VALUE ""
and [SU1 4T IS GIVEN THE VALUE ""
and [SU14 AREA] IS GIVEN THE VALUE 0
and [SU14--AREA UJ IS GIVEN THE VALUE ""
and [SU1 5T IS GIVEN THE VALUE ""
and [SU15 AREA] IS GIVEN THE VALUE 0
and (SU15-AREA UJ IS GIVEN THE VALUE ""
and [U] IS GIvEN THE VALUE 250

RULE NUMBER: 143
IF':

(COUNTERJ>[NO SUBUNITS]
and [COUNTER) =7 -

'.rHEN:

and
and
and
and
and
~nd
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

o

o

L

[SU7] IS GIVEN THE VALUE ""
[SU7 AREA] IS GIVEN THE VAT.JUE 0
[SU7-AREA UJ IS GIVEN THE VALUE ""
rsosr IS GIVEN THE VALUE ""
[SUa AREA] IS GIVEN THE VALUE 0
[SUa-AREA UJ IS GIVEN THE VALUE ""
[SU9T IS GIVEN THE VALUE ""
[SU9 Il,:H,EA] IS GIVEN THE VALUE 0
[SU9- AREA UJ IS GIVEN THE VALUE " "
[SU1UJ IS-GIVEN THE VALUE u re
[SU10 AREA] IS GIVEN THE VALUE 0
[SU10-AREA Uj IS GIVEN THE VALUE u u
[SU11T IS GIVEN THE VALUE ""
[SU11 AREAJ IS GIVEN THE VALUE 0
[SU11-AREA UJ IS GIVEN THE VALUE ""
[SU12T IS GIVEN THE VALUE ""
[SU12 AREA] IS GIVEN THE VALUE 0
[SU12-AfmA UJ IS GIVEN THl!! VALUE ""
[SU13T IS GIVEN THE VALUE '"I
[SU13 AREA] IS GIVEN THE VALUE 0
[SU13-AREA UJ IS GIVEN THE VALUE 1111

[SU14T IS GIVEN THE VALUE fill

[SU14 AREA] IS GIVEN THE VALUE a
[SU14·-AREA UJ IS GIVEN THE VALUE ""
[SU15T IS GIVEN THE VALUE '"'
[SU15 AREA] IS GIVEN THE VALUE 0
[SU15-AREA U] IS GIVEN THE VALUE ""
[U] IS GIVEN THE VALU:B~250

• MI•• In 11 ••
....,

..... utl.
I-

6sJ4 .II( _~"lrn~ I I UI. I

i!

I



RULE NUMBER: 144
IF:

[COUNTER]>[NO SUBUNITS]and [COUNTER] =8 -

THEN:

and
andand
andand
andand
andandand
and
and
andand
and
andand
andand
andandand
andand

[SU8j IS GIVEN THE VALUE ""
[SU8 AREA] IS GIVEN THE VALUE 0
[SuS-AREA UJ IS GIVEN THE VALUE 1"1

[SU9T IS GIVEN THE VALUE nIl
[SU9 AREA] IS GIVEN THE VALUE 0
[SU9-l>..REA UJ IS GIVEN THE VALUE ""
[SU1U] IS-GIVEN THE VALUE ""
[SU1 a AREA] IS GIVEN THE VALUE 0
[SU1 O-AREA m IS GIVEN THE VALlIE ""
[SU11T IS GIVEN THE VALUE '"'
[SU11 AREA] IS GIVEN THE VALUE 0
[SU11-AREA U] IS GIVEN THE VALUE ""
[SU12T IS GIVEN TF1! VALUE ""
[SU12 AREA] IS GIV3N THE VALUE 0
[SU12-AREA UJ IS GIVEN THE VALUE 1111

[SU13T IS GIVEN THE VALUE 1111

[SU13 AREA] IS GIVEN THE VALUE 0
[SU13-AREA uJ IS GIVEN THE VALUE ""
[SU14T IS 'GIVEN THE VALUE lilt

[SU14 AREA] IS GIVEN THE VALUE 0
[SU14-AREA UJ IS GIVEN THE VALUE '"'
[SU15T IS GIVEN THE VALUE 1111

[SU15 AREA] IS GIVEN THE VALUE 0
[SU15-AREA U] IS GIVEN THE VALUE ""
[U] I~ GIvEN THE VALUE 250

RULE NUMBER~ 145
IF:

[COUNTER] > [NO SUBUNI'I'S]and [COUNTER] =9 -

THEN:

~~'C~

I '
J

and
and
and
andandand
and
and
andand
andand
and
and
and
andand
andand
andando

[SU9] IS GIVEN THE VALUE llil

[SU9 AREA] IS GIVEN THE VALUE 0
[SU9-AREA UJ IS GIVEN THE VP..LUE ""
[SU1U] IS-GIVEN THE VI,LUE ""
[SU10 AREA] IS GIVEN THE VALUE 0
[SU10-AREA U) IS GIVEN THE VALUE ""
[SU11T IS GIVEN THE VALUE 1111

[SU11 AREA] IS GIVEN THE VALUE 0
(SU11~EA UJ IS GIVEN THE VhlUE '"'
[8U12T IS GIVEN 'rHE VALUE ""
[SU12 AREA] IS GIVEN THE VALUE 0
[SU12-AREA U] IS GIVEN THE VALUE ""
[SU1 3T IS GIVEN THE VALUE ""
[SU13 AREA] IS GIVEN THE Vl'TJUE 0
[SU13-AREA UJ IS GIVEN THE VALUE ""
[SU14T IS GIVEN 'l"HE VALUE ""
[SU'l 4 AREA] IS GIVEN TH'8 VALUE 0
[SU14-A.REA UJ IS GIVEN THE VALUE u n
[SU15T IS GIV.L...~ THE VALUE 1111

[SU15 AREA] IS GIVEN THE VALUE 0
[SU1 S-"AREA U] IS GIVEN THE VALUE ""
[0] I~ GIvEN THE VALUE 250----------------------------------------

RULE NUMBER: 146
IF:

[COUNTER]>[NO SUBUNITS]and [COUNTER]=10-



THEN:
[SU10] IS GIVEN THE VALUE ""

and [SU10 AREA] IS GIVEN ~HE VALUE 0
and [SU1 O-;'.REA U1 IS GIVEN THE VALUE II"
and (SU11 T IS GIVEN THE VALUE ""
and [SU11 ;'~EA] IS GIVEN THE VALUE 0
and [SU11-AREA UJ IS GIVEN THE VALUE '"'
and [SU1 2T IS GIVEN THE VALUE 1111

and [SU12 AREA] IS GIVEN THE VALUE 0
and [SU1 2-AREA Ul IS GIVEN THE VALUE 1111

and [SU13T IS GIVW....NTHE VALUE ""
and [SU13 AREA] IS GIVEN THE VALUE 0
and [SU13~EA UJ IS GIVEN THE VALUE 1111

and [SU14T IS GIVEN THE VALUE 1111

and [SU14 AREA] IS GIVEN THE VALUE 0
and [SU1 4-AREA U] IS GIVEN THE VALUE 1111

and [SU1ST IS GIVEN THE VALUE 1111

and [SU15 AREA] IS GIVEN THE VALUE 0
and [SU1 S-AREA U] IS GIVEN THE VALUE 1111

and [U] I~ GIvEN THE VALUE 250

RULE NUMBER: 147
IF:

[COUNTER]>[NO SUBUNITS]
and [COUNTER]=11 -

THEN:

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

[SU11] IS GIVEN THE VALUE 1111

[SU11 AREA] IS GIVEN THE VALUE 0
[SU11-AREA UJ IS GIVEN THE VALUE Ill.

[SU12T IS GIVEN THE VAIJUE 1111

[SUI2 AREA] IS GIVEN THE VALUE 0
[SUI2-AREA U] IS GIVEN THE VALUE 1111

[SU1 3T IS GIVEN THE VALUE 1111

[SU13 AREA] IS GIVEN THE VALUE 0
[SU13-AREA U] IS GIVEN THE VALUE IItt
[SU1 4T IS GIVEN THE VALUE ., II
[SU14 AREA) IS GIVEN THE VALUE 0
[SU14-AREA lJ] IS GIVEN THE VALUE 1111

[SU1ST IS GIVEN THE VALUE 1111

[SU1S AREA] IS GIVEN THE VALUE 0
[SU1S-AREA UJ IS GIVEN THE VALUE 1111

[U] IS GIVEN THE VALUE 250

RULE NUMBER: 148
IF:

[COUNTER]>[NO SUBUNITS]
and [COUNTER]=12 -_

r.rHEN:

o
[SU12] IS GIVEN THE VALUE 1111

and [SD12 AREA] IS GIVEN THE VALUE 0
and [SUI2-AREA UJ IS GIVEN THE VALUE 1111

and [SU1 3T IS GIVEN THE VALUE 1111

and [SU13 AREA] IS GIVEN THE VALUE 0
and [SU13-AREA UJ IS GIVEN THE lALUE 1111

and [SU14T IS GIVEN THE VALUE 1111

and [8U14 AREA] IS GIVEN THE VALUE 0
and [SU14-AREA UJ IS GIVEN THE VALUE 1111

and [SU1 sT IS GIVEN THE VALUE '"'
and [SU1S AREA] IS GIVEN THE VALUE 0
and [SU1S-AREA UJ IS GIVEN THE VALUE 1111

and [U] I~ GIvEN THE VALUE 250
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RULE NUMBER: 149
IF: [COUN'l'ER]> [NO SUBUNITS]

and [COUNTER]=13-
THEN:

[SU13] IS GIVEN THE VALUE ""
and [SU13 AREA] IS GIVEN THE V~~UE 0
and [SU13-AREA U] IS GIVEN THE VALUE If"
and [SU14T IS GIVEN THE VALUE 1111

and [SUI4 AREA) IS GIVEN THE VALUE 0
and [SU14-AREA U] IS GIVEN THE VALUE ""and [SU15T IS ITIVEN THE VALUE 1111

and [SU15 AREA] IS GIVEN THE VALUE 0
and [SU15-AREA U] IS GIVEN THE VALUE ""and [U] IS GIVEN THE VALUE 250

RULE NUMBER: 150
IF: [COUNTER]> [NO StTBT.mITS]and [COUNTER]=14-
THEN: [SU14] IS GIVEN THE VALUE !I"

and [SU14 AREA] IS GIVEN THE VALUE 0
and [SU14-AREA m IS GIVEN THE VALUE ""
and [SU15T IS GIVEN THE VALUE ""and [SU15 AREA] IS GIVEN THE VALUE 0
and [SU15-AREP. U] IS GIVEN THE VALUE III'

and [U] IS GIVEN THE VALUE 250
RULE NUMBER: 151
IF: [COUNTER]>[NO SUBUNITS]and [COUNTER]=15 -
THEN: [SU15] IS GIVEN THE VALUE 1111

and [8U15 AREA] IS GIVEN THE VALUE 0and [SU15-AREA U] IS GIVEN THE VALUE ""
and [U] IS GIvEN THE VALUE 250

RULE NUMBER: 152
IF: You have selected to investigate the [[UNIT_NOME]] range
further. Whichof the following sub-units do you wish to investigate?
[[SU1]] [[SD1 AREA]] [[SU1 AREA UJ]and [SU1]<>'"' - --
THEN:o FRAME("UN_COSTS", #NO#=[FIRST SU], #INVEST#:=1)
RULE ~~ER: 153
IF:

(J

You have selected to investigate the [[UNIT_NOME]] range
further. Which

of the followin.g sub-units do you wish to Lnvesrt Lqat.e?[[SU2]]
[[SU2 lU~EA]][[SU2 AREA U]]

and [SU2]<>"" - --.
THEN: FRAME ("UN_COS'l":'S",#NO#= ([FIRST SU]+1), #INVEST#: =1 )

"

, .



RULE NUMBER: 154
IF: You have selected to invet:~igatethe [[UNIT_NOME]} range
furthElr.Whichof the following sut-units do you wish to investigate?
[ [8U3] J

[[8U3 AREA]] [[8U3 AREA UJ]and [8U3] <>"" - --

THEN:
FRAME( "UN_COSTS", #NO#= ([FIRST 8U] +2) 1 #INVE8T#: =1 )

RULE NUMBER: 155
IF: You have selected to investigate the [[UNIT_NOME]] range
further. Whichof the following sub-units do you wish to investigate?
[ [SU4] ]

[(SU4 AREA]] ([SU4 AREA UJ]
and [8U4] <>"11 - --

THEN:
FRAME ("UN_C08rr8", #NO#= ([FIR8T ~U] + 3), #INVE8T#: =1 )

RULE NUMBER: 156
IF: • You have selected to investigate the [[UNIT_NOME]] range
further. Whichof the following sub-units do you wish to investigate?
[[8U5] ]

[[8U5 AREA]] [[8U5 AREA U]]and [8U5] <>"" - --
THEN: C)

FRAME("UN_C08T8" , #NO#=([FIRST 8U]+4) I #INVE8T#:=1)

RULE NUMBER: 157
IF: You have selected to investigate the [[UNIT_NOME]] rangefurther. Whichof the following sub-units do you wish to investigate?
[ [8U6] ]

[[8U6 AREA]] [[SU6 AREA U]]and (SU6] <>"" - --

THEN:
FRAME ( "UN_COSTS", #NO#:-::([FIRST SU] +5), #INVEST#: =1 )

RULE NUMBER: 158
IF:

You have selected to investigate the [[UNIT_NOME]] rangefurther. Which
of the following sub-units do you wish to investigate?

[ [8U7]]
[[8U7 AREA]] [[8U7 AREA UJ]and [SU7] <>"" - --

THEN:

c FRAME( "UN_COSTS", #NO#= ([FIRST SU] +6) I #INVESTd: ='1 )------------~---------------------------
RULE NUMBER: 159
IF:

You have selected to investigate the [[UNIT_NOME]] rangefurther. Which
of the following sub-units do you wish to investigate?

[[SU8] ]



()

[[SU8 AREA)] [[SU8 AREA U]]
and [SU8] <>'"' - --

THEN:
FRAME("UN_ COSTS", #NO#= ([FIRST SU] +7), #INVEST#: =1 )

RULE NUMBER: 160
IF: You have selected to investigate the [[UNIT_NOME]] rrnge
further. Whichof the following sub-units do you wish to investigate?
[ [SU9] ]

[ [SU9 AREA]] [ tSU9 AREA U]]and [3U9]<>'''' _ - _

THEN:
FRAME(IIUN_COSTS", #NO#==([FIRST SU] +8), #INVEST#: =1 )

RULE NUMBER: 161
IF: You have selected to investigate the [[UNIT_NOME)] range
further. Whichof the following sub-units do you wish to investigate?
[[SU10]]

[ [SU'I 0 AREA]] [ [SU1 0 AREA U]]and [SU1 0] <>'''' - ---
THEN:

FRAME ("UN_COSTS" , #NO#=([FIRS'l' SU]+9), #INVEST#:=1)

i. -r-,,,(~-',

RULE NUMBER: 16?
IF:

You have selected to investigate the [[LTNIT_NOME]] range
further. Which

of the following sub-units do you wish to investigate?
[ [SU11 ] ]

[ [SU1 i AREA]] [[SU11 AREA U]]and [SU11 J <>"11 _ - _

THEN:
FRAME("UN_ COSTS" I #NO#= ([FIRST SU] +10), #INVEST#: =1 )

RULE NUMBER: 163
IF: You have selected to investigate the [[UNIT_NOME]] range
further. Which

of the following sub-und ts do you wish to investigate?
[ [SU1 2] ]

[[8U12 AREA]] [[SU12 AREA U]]and [8U12] <>'''' -- _-

c THEN:
FRAME("UN_COSTS", #NO#= ([FIRST SU] +11) I #INVEST# :=1)

RULE h~ER: 164
IF:

You have selected to investigate the [[UNIT_NOME]] rangefurther. Which
of the following sub-units do you wish to investigate?

[ [SU1 3] ]o
[[SU13 AREA]] [(SU13 AREA U]]and [SU13] <>'''' - --L THEN:

FRAME("UN._COSTS" I #NO#= ([FIRST SU] +12), #INVEST#: =1 )
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RULE NUMBER: 165
IF: You have selected to investigate the [[UNIT_NOME]] range
further. Whichof the following sub-units do you wish to investigate?
[[8014]J

and
[[SU14 AREA]] [[SUI4 AREA U]][SU14]<>"" _ --

THEN: FRAME (!BUN_COSTS", #NO#= ((FIRST SU]+13) t #INVEST#:=1i
---._--------------------, ..._---------------
RULE NmiBER: 166
IF: You have selected to investigate the [[UNIT_NOME]] range
further. Whichof the following sub-units do you wish to investigate?
[[SU15]] [[SU15 AREA]] [[SU15 AREA UJ]and [SU15]<>1"1 - --
THEN:

FRAME ("UN_COSTS" I #NO#= ([FIRST SU]+14), #INVEST#~=1)
RULE NUMBER: 167
IF: [TYPE]:::1

and [1.1'1'_NEED J>0
THEN: Material is needed
RULE NUMBER: 168
IF: [TYPE]=0

and [MT_NEED_SYSJ>O
THEN: Material is needed
RULE NUMBER: 169
IF: ['t'YPE]=J1

and [MT_NEED] =0

THEN: Material is not needed
RULE NUMBER: 170
IF: [TYPE]=0

and [MT_NEED_SYS]=0
TEEN: Material is not needed
RULE NUMBER: 171
IF: Material is r-eededand [M'I_OWN] >0
THEN: Material is obtai nable

~~,---' .:~,.~",---~-.
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RULE NUMBER:. 172
IF:

(TYPE]=1
and Material is needed
and [MT_PURCH]>0

THEN: Material is obtainableand [MAT COST] 13 GIVEN THE VAIIUE ((MAT COST} +
( fMT_NEED] * [MT_PURCH] ))
RULE NUMBER: 173
IF: [TYPE]~=O

ana Mated al is neededand [MT_PURCH}>0
THEN: Material is obtainableand [MAT COST) IS GIV}I1N THE VALUE ([MAT COST] +
([MT_NEED_SYS]*[MT_?URCH]»
RULE ~ffiER: 174
IF: Materlal is needed

and [MT_N01>0
'I'HEN: Material is not obtainable
RULE NlThmER: 175
IF: Material is needed

and (MT OWN]=0and [MT-PURCH]=0
and [MT=NO]=0

THEN:

o
\

[MM] IS GIVEN THE VALUE 1
RULE NUMBER: 176
IF:

[[MAT NOME]] /s is/are owned or obt.ad.nab.l.e Le. zero
charge ORpurchaseable OR not obtainable
THEN: Informa.tion on mat.er La'l, availability is not required
ELSE: DISPLAY(MAT[[COUNT]].INF)

and CLBllR(Q 50)
and CLEAR(R THIS)

RULE NUMBER: 177
IF:

Information on material rvailabJ.lity :isnot requiredand [[MAT NO:f:.'fE]j /s is/are owned or obtainable i.e. zero
charge OF.

purchaseable
THEN:

comms ..snce materials? Yes
ELSE: Material is not obtainable



and FRAME(":MT_EUINF", #wr#= [COUNT]I #NO#:=·1)

RULE NUMBER: 178
IF:

Commencematerials? Yes
and [[MAT NOME}]/s is/are owned or obtainable i.e. ze-ro

charge

THEN:
Material is obtainable

and FRAME("wr_EUINF", #MT#=[COUNT], #OWN#:=1 )

RULE NUMBER: 179
IF:

Commence materials? Yes
and [TYPE] =1
and [(MAT NOME]) / s is/are purchaseable

THEN:
Material is obtainable

and [MAT CObT] IS GIVEN THE VALUE ( [MAT
COST]+([MAT PURrHASE]*[MT NEED]))

and FR...~.MEf(Hwr_EUINF", #MT#=[COUNT], #PURCH#::::(MA'':.'_PURCHASE])

RULE NUMBER: 180
IF:

Commence materials? Yes
and [TYPE] ...0
and r [MAT NOME] J /s is/are purchaseable

THEN:
Material is obtainable

and [MAT COST) IS GIVEN THE VALUE ([MAT
COST]+«(MAT PURCHASE]*[MT NEED SYS]»

and FRAME ("MT_EtJINF", #MT#=[COUNT],-#PURCH#:= [MAT_PURCHASE])
..)

RULE NUMBER: 18 'I
IF:

Material is needed
and Material is not obtainable

THEN:
[COUN'!'] IS GIVEN THE VALUE [MAT NOM]

and [MAT COST] IS GIVEN·THE VALUE 9"9"9999

ELSE:
[COUNT] IS GIVEN THE VATJUE([COUNT]+1 )

RULE NUMBER: 182
IF:

o
[MAT COST]<>999999

and [TYPE] =1

THEN:

o

[MAT COST FCD] rs GIVEN THE VAT.JUE ([MNJ: COST] *
[UN MAT FAC])
and FRAME ("UN COSTS"I #NO#=[U], #MATER#:= [MAT COST FCD])
and FT,AME("UN-COSTS", #NO#=[UJ, #FAC ROW#:=[FAC ROWNO])
and FRAME("RUN:DATA" I #NO#=[FAC_F;OW_NO],#MAT#:= roN_MAT_FACJ)

RULE NUMBER: 183
IF:

[MAT COST]<>999999
and [TYPE] =0

THEN:

7' _.,

\_o·.",r ~:"""""~_ ...



[MAT COST FCD1 IS GIVEN THE VALUE ([MAT COST] *
[SY MAT FAC])

and -FRAME ("SY COSTS", #RS#= [RS NO ACC] , #MATER#:= [MAT COSTFCD]) - - -
and FRAME("SY COSTS"! #RS#=[RS_NO_ACC],

#]'ACROW#: == [FAC ROW NO])ana FRAME ("RUN_DATA", #NO#= [FAC_ROW_NO], #MAT#:= [SY_l".1AT_FAC])
RULE NUMBER: 184
IF: [TYPE]::::1

and [MD_NEED]>0
THEN:

Module is needed
RULE NUMBER: 185IF:

[TYPE]=0and [MD_NEED_SYSJ>O
THEN: Module is needed
RULE ~~ER: 186
IF: [TYPE]::1

and [MD_NEED]:=O
THEN: Module is not needed
RULE NUMBER: 187
IF: [TYPE]=Q

and [~_NEED_SYS]~O
THEN: Module is not needed
RULE NUMBER: 188IF:

Module is needed
and [MD_OWN] >0

THEN:
Module is obtainable

RULE NUMBER: 189

o
[TYPE];::1

and Module is needed
and [MD_PURCHl >0

THEN:
Module is obta_nable

and [:MOD COST] IS GIVEN THE VALUE ([MOD COST] +([MD_PUIWH]* [MD_NEED]))--------.-----.------.---------~,--------.,......--
o RULE NUMBER: 190

IF:,.. [TYPE]=0
and Mojule is neededand [MD_PURCH]>0

THEN:

un •• ~""'*'. .• • JU "._- ." .... ,.

()

/



DISPLAY(MOD[[COUNT]].INF)
and CLEAR (Q 55)
and C!JEAR(R THIS) o

Module is obtainableand [MOD COST] IS GIVEN THE VALuE ([MOD COST] +
([MD_PURCH] * [MD_NEED_SYSJ))
RULE NUMBER: 191
IF: Module is neededand [MD_NO]>0
THEN: Module is not obtainable
RUIJE NUMBER: j 92
IF: Module is needed

and [MD OWN] =0and [MD-FORCH]=0
and [MD-NO]=0

THEN: [00] IS GIVEN THE VALUE 1----------------------------------------RUL~ NUMBER: 193IF: [[MOD NOME]] is/are owned or obtainable free of charge OR
pur:chaseableOR not obtainable
THEN: Info on modules available is not reqd
ELSE:

RUL~ NUMBER: 194
IF:

Commence modules? Yes

Info on modules available is not reqdand [[MOD NOME]] is/are owned or obtainable free of charge OR
purchaseable
THEN:

ELSE: Module is not obtainable
and FRAME ("MD~_EUINF", #MD#:_,[CotJNT], #NO#: =1)

RULE NUMBER: 195IF:
o Commence modules'? Yes

and [[MOD NOME]] is/are owned or obt.ainable free of charge
TH.8N:

Module is obtainableand FRAME ("MD_EUINF", #MD#::-::[COUNT], #m'JN# :=1)

()
RULE NUMBER: 196
IF:

.con.aence modules? Yesand [TYPE]=1
and [[MuD NOME]] is/are purchaaeab.l.e

THEN:
Module is obtainable



and [MOD COST] IS GIVEN THE VALUE ([MOD COST] +
([MOD PURCHASE] * [MD NEED]»
and'" FRAlvfE("MD_EUINF", #MD#= [COUNT], #PURCH#:= [MOD_PURCHASE] )----------------------------------------RULE ~ffiER: 197

IF:
commence modules? Yesand [TYPE}=0and [[MOD NOME]] is/are purchaseable

THEN:

~--~------------------------------------

Module is obtainableand [MOD COST] IS GIVEN THE VALUE ([MOD COST] +
([MOD PURCHASE] * [MD NEED SYS]»and FRAME {"MD_EUINF", #MJ5#= (COUNT] I #PURCH#: = (MOD_PURCHASE] )

--------_ ...._..",.-----_ ....._---------_ ........ ---------
RULE NUMBER: 198
IF: Module is needed

and Mcdule is not obtainable
THEN: [COUNT) IS GIVEN THE VALUE [CURRENT :MOD NUM]

and [MOD COST] IS GIVEN THE VALUE 99999'9" -
ELSE: [COUNTJ IS GIVEN THE VALUE «(COUNT]+1)
RULE NUMBER: 199
IF: [TYPE]=0

and [CAT]="S"
THEN: [SY_CAT] IS GI~N THE VALUE "SELF"
ELSE:

[SY__CAT] IS GIVEN THE VALUE "PURCH"
RULE NUMBER: 200IF: [TYPE]=1

and How would you best describe yourself? ""Small scale
contractor""
THEN: [UN_CAT] 1:SGIVEN THE VALUE "CONT"
RULE NUMBER: 201
IF: [TYPE]=1

and How would you best describe yourself? Artisan
THEN:

(UN_CArr]rs GIVEN THE VALUE "ART"

RULE NUMBER: 202IF:
(

['rYPE:] =1
and How would you best describe yourself? ""Self-builder""

THEN:
[UN_CArl'] :I8GIVEN TrIll; VALUE "SELF"

o () ...,J...
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RULE NUMBER: 203
IF:

[MOD COST]<>999999
arid [TYPE] =1

'rHEN:
[MOD COST FeD] IS GIVEN THE VALUE ([MOD COST] *

[UN MOD ll'AC])
and FRA..~ ("UN COSTS", #NO#=[U], #MODUL#:= [MOD COST FCD])
and FRAME("UN-COSTS", #NO#=[U], #FAC ROW#:= [FAC ROWNO])
and FRAME("RUN-DATA", #NO#=[FAC_ROW_N61,#MOD#:= [UN_MOD_FAC])---------~~---------------------------~-

RULE NUMBER: 204
IF:

[MODCOSTJ<>999999
and [TYPE] =0

THEN:
[MOD COST FeD] IS GIVEN THE VALUE ([MOD COST] *

[SY MOD l!'ACJ )
and -FRAME("SY COSTS", #RS#=[RS NO ACC] f #MODUL#:=[MOD COST

FCD]) - _ -
and FRAME("SY COSTS", #RS#=[RS NO ACC],

#FAC ROW#:=[FAC ROWNO) ) - -
ana FRAME("RuN_DATA", #NO#=[FAC_ROW_NO]r #MOD#:= [BY_MOD_FAC])

RULE :NUMBER:205
IF:

[TYPE] =1
and [EQ_HOURS]>0

THEN:
Equipment is needed o

RULE NUMBER: 206
IF:

[TYPE] =0
and [EQ_HOURS_SYS]>0

THEN':
Equipment is needed

RULE NUMBER: 207
IF:

(TYPE] =1
and [EQ_HOURS]=0

THEN:
Equipment is not needed

RULE ~~rnER: 208
IF:

['rYPE] =0
and [EQ. .H0URS_SYS]=0

ThEN:
Equipment is not needed

o
RULE NUMBER: 209
IF:

Equipment is needed
and [EQ_OWNJ>0

THEN:
Equipment is obtainable



RULE NUMBER: 210
IF: [TYPE]=1and Equipment is neededand [EQ_PURCH]>0
THEN:

Equipment is obtainable
and [EQUIP COST] IS GIVEN THE V.ALUE

([EQ_PURCH]*[EQ_NO)))
( [Er,'TtP

.. ~~\" .. ;...

RULE NUMBER: 211
IF: [TYPE)=0

and Equipment is neededand [EQ_PURCH]>0
THEN: Equipment is obta_nable

and (EQUIP COST] IS GIVEN THE VALUE ([EQUIP COST] +([EQ_PURCH]*[EQ_NO_SYS])
»-: RULE NUMBER: 21 2

IF: [TYPE]=1
and Equipment is needed
and lEQ_RENT_DAY]>0

THEN:
Equipment is obtainableand [EQUIP COST] IS GIVEN THE VALUE ([EQUIP COST] +([EQ_RENT_DAYJ* rEQ_NO]* [EQ_DAYSJ))------~-------------RULE NUMBER: 213

IF: ['l1YPE]=0
and Equipment is needed
ana [EQ_RENT_DAYJ>O

THEN: Equipment is obtainable
and [EQUIP COSTj IS GIVEN THE VALUE ([EQUIP COST) +

([EQ_RENT_DAY]* [EQ_NO_SYS]* [EQ_DAYS._SYS]))
RULE NUMBER: 214
IF:

(~'~

1°
j

I

[TYPE)=12;nd Equipment is neededand [EQ_RENT_HOUR]>0
THEN: Equipment i~ obtainable

and [EQUIP COST] IS GIVEN THE VALUE ([EQUIP COST) +([EQ_RSNT_HOUR)*[EQ_NO]*[EQ_HOURS]»
RULE NUMBER: 215
IF:

o
[TYPE]=0

and Equipment is neededand [EQ_RENT_HOUR]>0
THEN:

Br.,' . .'.l:'X! (;~' is .....1btainc..bleand [.E!(..iuIP C08'.i.'j rs GIVEN THE VALUE ([EQUIP COS'll]+
([EQ_RE~r_HOURJ * [EQ_NO_SYS]* [EQ_HOUPS_SYS] ))

COST] +

(i

'i '
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RULE NUMBER: 216
IF: Equipment is neededand [EQ_NOO]>0
THEN:

[EE] IS GIVEN THE VALUE 1

Equipment is not obtainable
RULE NUMBER: 217
IF:

Equipment is needed
and [EQ OWN]==0and [EQ-PTJRCH]=0
and [EQ-RENT DAY]=Oand [EQ-RENT'-HOUR]=0
and [EQ=NOO]-';;O

'rHEN:

RULE NUMBER: 218IF:"', [[EQUIP NOME]] Is islare owned or obtainable =:ree of
charge ORpurchaseable OR rentable OR not obtainable

Information on equipment availability is not requiredTHEN:

ELSE: DISPL~Y(EQUIP[[COUNT]] .INF)and CLEAR (Q 60)
and CLEAR(R THIS)

RULE NUMBER: 219
IF:

andcharge
Information on equipment availability is not required[[EQUIP NOME]] Is islare owned or obtainable free of
ORpurchaseable OR rentable

THEN: Commence equipment? Yes
ELSE:

Equipment is not obtainable
and FRAME("EQ_EUINF", #EQ#=[COUNT] , #NO#:==1)

RULE NUMBER: 220
IF:

o
Commence equipment? Yes

and [[EQUIP NOME]] /s islare owned or obtainable free of
c.rar'qe

THEN: Equipment is obtainable
and FRAME ("EQ_EUINF", #EQ#= [COUNT]I #OWN#:=1 )

o
RULE NOMBER: 221
IF: (TYPE]=1

and Commence equipment'? Yes
and [[EQUIP NOME]] Is islare purchaseable

THEN: Equipment is obtainable



and (EQUIP COST] IS GI\~N THE VALUE ([EQUIP COST] +
([EQUIP PURCHASE]*[EQ NO]»and FRAME ("EQ_EUINF", #EQ#~COUNT], #PURCH#:=[EQUIP_PURCHASE])

RULE NUMBER: 222
IF: (TYPE]=0and Commence equipment? Yesand [[EQUIP NOME]]/s is/are purchaseable
THEN: Equipment is obtainableand [EQUIP COST] IS GIVEN THE VALUE ([EQUIP COST] +

([EQUIP PURCHASE]*[EQ NO SYS1»and FRAME e'EQ_EDINF", #EQ#~COUNT], #PURCH#:= [EQUIP_PURCHASE])
RULE NUMBER: 223IF:

[TYPE]=1
and Commence equipment? Yesand [[EQUIP NOl~]] /s is/are rentableand Renting of [[EQUIP NOME]] is done on a daily basis OR not

known
THEl\T:

Equipment is obtainable
and [EQUIP COST] IS GIVEN THE VALUE ([EQUIP

COST]+ (I.EQUIPRENT DJ* [EQ DAYS] * [EQ NO]»and FRAME ("EQ_EUINF", #EQ#=[COUNT], #RENT-=D#:=[EQUIP_RENT_D])
RULE NUMBER: 224
IF: [TYPE]=0

and Commence equipment? Yes
and [[EQUIP NOME]]/s is/are rentableand Renting of [[EQUIP NOME]] is done on a daily basis OR not

known
THEN: Equipment is obtainableand [EQUIP COS~J IS GIVEN THE VALUE ([EQUIPCOST]+([EQUIP RENT D]*[EQ DAYS SYS]*[EQ NO SYSJ»and FRAME C'EQ_EUINF", #EQ#= [COUNT]I 1fRENT-D#:";;[EQUIP_RENT_D] )
RULE NUMBER: 225
IF:

o

[TYPE]=1
and Commence equipment? Yesand [[EQUIP NOME]] /s is/art~rentable
and Renting of [[EQUIP NOME}] is done on a hourly basis

THEN:
Equipment is obtainableand [EQUIP COST] IS GIVEN THE VALUE ([EQUIP
COST]T([EQUIP RENT H]*[EQ HOURS]*[EQ NO]»

and FRAME ("EQ_EUINF" f #EQ#=[COUNT], #RENT-1I#:=[EQUIP_RENT_HJ)
RULE NUMBER: 226IF:

o [TYPE]=0
and Commence equipment? Yes
and [(EQUIP NOME]] /s is/are rentabl~
and Renting of [[EQUIP NOME]] is done on a hourly basis

THEN:
Equipment is obtainable

.'



and [EQUIP COST] IS GIVEN THE VALUE «(EQUIP
COST]+([EQUIP RENT H]*[EQ HOURS SYS]*[EQ NO SYS]»)

and FRAME ("EQ_EUINF"I #EQ#=[COllNT],U-RENT-H#:=1EQUIP_RENT_H])
RULE }~illYffiER:227
IF:

Equipment is neededand Equipment is not obtainable
THEN:

[COUNT] IS GIVEN THE VALUE (EQUIP NTJM]and [EQUIP COST] IS GIVEN THE VALUE 9"9"9999
ELSE:

[COUNT] IS GIV~N THE VALUE «(COUNT]+1)
RULE NUMBER: 228IF:

[EQUIP COST]<>999999and [TYPE} =0
THEN:

[EQUIP COST FCD] IS GIVEN THE VALUE ([EQUIP COST] *[SY EQUIP FAC])and FRAME("SY COSTS", #RS#=(RS__NO_ACC], #EQUIP#:=(EQUIP COSTFCD] ) -
and FRAME("SY COSTS", #RS#=[RS_NO_ACC],

#FAC ROW#=[FAC ROW NO])and FRAME("RUN DA'l'A", #NO#=[FAC ROW NO],#EQUIP#:=[SY_EQUIP_FAC}) -
RULE NUMBER: 229IF:

[EQUIP COST]<>999999and [TYPE]=1
THEN:

[EQUIP COST FCD] IS GIVEN THE VALUE ([EQUIP COST] *
[UN EQUIP FAC])

and FRAME("UN COSTS", #NO#=[U], #EQUIP#:=[EQUIP COST FCD])and FRAME ("UN-COSTS", #NO#= [U]I #FAC ROW#= (It'''ACROW NO])an Cl F R-AM E ("R U N D A T A " , -#NO # = [FAC ROW _ NO] I

#EQUIP#:=[UN_EQUIP_FAC])
RULE NUMBER: 230IF:

[TYPE]=1and [TL_HOURS]>0
THEN:

Tool is needed
o RULE NUMBER: 231

IF: [TYPE]=0
and [TL_HOURS_SYS]>0

THEN:
Tool is needed

I(J ----------------------------.---~---------

L, ......~



RULE NUMBER: 232
IF: [TYPE]=1

and [TL_HOURS]==0
THEN: Tool is not needed
RULE NUMBER: 233
IF: [TYPE]=0and. [TL__HOURS_SYS] =0

THEN: Tool is not needed
RULE NUMBER: 234
IF: Tool is neededand [OWN]>0
rfHEN:

Tool is obtainable
RULE NTJMBER: 235
IF: Tool is needed

and [TYPE)=1and [PURCH]>0
THEN: [TOOL COST] IS
COS'l']+ ([PURCH]* [TL NC'1) )

and Tool is obtairJ.<.ible
THE VALUE ([TOOLGIVEN

RULE NUMBER: 236
IF: Tool is needed

and Pl'YPE]=0and [PIJRCH)>0
THEN: [TOOL COS'.!.'] ::S
COST]+([PURCHJ*[TL NO SYS]»and Tool i~ obtai~~le

VALUE ([TOOLGIVEN THE

RULE NUMBER: 237
IF: Tool is neededand [TYPE]=1

and [RENT_DAY]>0
THEN:o

[TOOllCOST] IS GIVEN THE VALUE (['l'OOLCOST]+([RENT DAY]*[TL DAYS] * [TL NO]»and Tool is obtaInable - _
RULE NlWffiER:238
IF: Tool is needed

and [TYPE]=0and [RENT_DAY]>0
THEN:

[TOOL COST] IS GIVEN THE VALUE ([TOOLCOST] + ((RENT_DAY] * [TL_DAYS_SYS] * [TL__NO_SYS] ))
Q



and Tool is obtainable 1
i
I
~

1

I
1
I

J
.~

I
I

RULE NUMBER: 239
IF: Tool is needed

and (TYPE]=1
and (RENT_HOUR]>0

THEN: [TOOL COST] IS GIVEN THE VALUE ([TOOL
COST]+([RENT HOUR]*[TL HOURS]*[TL NO]»and Tool is obtainable - ------------------------~~---------------RULE NU~ER: 240

IF: Tool is needed
and [TYPE]=0and [REN'I'_HOUR}>0

THEN:

[TT] IS GIVEN THE VALUE 1

[TOOL COST] IS GIVEN THE VALUE :[TOOLCOST]+(£RZNT HOUR]*[TL HOURS SYS]~[TL NO SYS])and Tool is obtainnble - - - -
RULE m.n..mER:241
IF: Tool is needed

and [NO]>0
THEN: Tool 1s not obtainable
RULE NUMBER: 242
IF: Tool is neededand [OWNj:::O

and [PURCH]=0and lRENT DAY]=Oand [RENT-HOUR)=0
and [NO]=U

THEN:

RULE NUMBER: 243
IF: Is/are a/any [[TOOL NOME]] /s: owned or borrowable i. e.
zero cost ORpurchaseab'.e OR rentable OR not obt.at nable
THEN:

o Information on tool availability is not required
ELSE: DISPLAY(TOOL[[COUNT]).INF)

and CLEAR (Q 19)
and CLEAR(R THISj

Information on tool availability is not required
and Is/are a/an.y [[TOOL NOME)]/s: owned or bor rowab.Le Le.zero cost OR

purchaseable OR rentable

I
'/o

RULE NUMBER: 244
IF:

THEN:



Commence tools yes
ELSE: Tool is not obtainableand FRAME ("TL_EUINF", #TL#= [COUNTL #NO#:=1)
RULE NUMBER: 245IF: Commence tools yesand Is/are a/any [[TOOL NOME)]/S: owned or borrowable i.e.
zero cost
THEN:

Tool is obtainableand FRAME ("TL_EUINF", #TL#= [COUNT)I #OWN# :=1)
RULE NUMBER~ 246
lIt"' :

Commence tools YRSand (TYPE]:::1and Is/are a/any [[TOOL NO:ME}J /s: purchasear"'._;
THEN: Tool is obtainableand [TOOL ''::05'1'] IS GIVEN THE VALUE ([TOOL COST) 'I-
([PURCHASEJ*(TL NO])and FRAME{"TL_EUINF", #TL#=[COtTNT], #PURCH#:==[PURCHASE])
RULE NUMBER: 247
IF: Commence tools yes

and [TYPE]=0and Is/are a/any [[TOOL N .'JE)]/s:purchaaeabLe
THEN:

Tool is obtainableand [TOOL COST] IS GIVEN THE VALUE ([TOOL COST] +
([PURCHASE]*(TL NO SYS]»and FR.AME("TL_EUINF", #TL#=[COUNT], #PURCH#:=[PURCHASE)
RULE NUMBER: 248IF: Commence tools yes

[TYPF;]=:
Is/are a/any [[TOOL NOME]]/s: rentab:e
Renting of the [[TOOL NOME)]/s is done
known

and
and
andOR not

THEN:

on a daily basis

(:::::"1
1

10
Tool is obtainable

and [TOOL COST] IS GIVEN THE VALUE ([TOOL COST] +([RENT D]*[TL DAYS]*[TL NO]»
and FRAME (1TTL_EuINF", #TL#=TcOUNT], #RENT-D#:=[RE.NT_D)

and
and
andOR not

RULE NUMBER: 249IF~
Commence tools yus[TYPE]=0
Is/are a/any [[TOOL NOME]]/s: rentable
Renting of the [[TOOL NOME]] /s is done
known on a daily basf.s:o

THEN: Tool is obtainable
and [TOOL COST] IS GIVEN THE VALUE ([TOOL COST] +([RENT_DJ*[TL_DAYS_SYSJ*[TL_NO_SYS]»

i~·"-

iI
i•



and FR..~ ("'l'L_EUINF"I #TL#=-[COUNT], #RENT-D#:= [RENT_D])----------------------------------------RULE IWMBER: 250
IF:

Commence tools yes
and [TYPE]=1
and Is/are a/any [(TOOL NOME]]/s: rentable
and Renting of the [[TOGX~NOME] ]/s is don, .n an hourly basis

THEN:
Tool is obtainable

and [TOOL COST] IS GIVEN THE VALUE ([TOOL COST] +
([RENT H]*[TL HOURS]*[TL NO]»

and FRAME (TrTL_EUINF",#TL#=[COUNT]/ #RENT-H#:=[RENT_H])
RULE NUMBER: 251
IF:

Commence tools yes
and [fl'YPE) =0
and Is/are a/any [[TOOL NOME)]/s: rentable
and Renting of the [[TOOL NO~m]]/s is done on an hourly basis

THEN:....,

I
i

~

Tool is obtDinable
and [TOOL COST] IS GIVEN THE VAIJUE ([TOOL COST] +

([RENT H]*[TL HOURS SYS]*[TL NO SYS]j)
and FRAME (TrTr~_EUINF",#TL#= [COUNT],-#RENT-H#: =- [RENT_H])----------------------------------------RULE NUMBER: 252

IF:
Tool is needed

and Tool is not obtainable
THEN:

[COUNT] IS GIVEN THE VALUE ([TOOL NUM)
and [TOOL COST] IS GIVEN THE VALUE 99~999

ELSE:
[COUNT] IS GIVEN 'rHEVALUE [COiJNT]+1

RULE NID1BER: 253
IF:

[TOOL COST]<>999999
and [TYPE]=0

THEN:

'(-::"~
Ie

[TOOL COST FCD] IS GIVEN THE VALUE ([TOOll COST) *
[SY TOOL FAC] )

and FRAME ("SY COSTS", #RS#= [RS_NO_ACC], #TOOLS#: = [TOOL COSTFCD] ) _
and FRAME("SY COSTS", #RS#=[RS NO ACC],

#FAC ROW#:=[FAC ROW NO)
and FRAME ("RUN DATA", #NO#= [FAC_ROW NO],

#TOOL#:=[SY_TOOL_FAC])
RULE NUMBER: 254
IF:

o
[TOOL COST]<>999999

and [TYPE]=1
THEN:

(TOOL COST FCD] IS GIVEN THE VALUE ([TOOL COST] *
[UN TOOL FAC])

and FRAME("UN COS'TSlI, #NO#=[U], #TOOLS#:=[TOOL COST FCD])
and FRAME ("UN-COSTS ". #NO#= [U]I #"E'ACROW#:::::[FAC ROW NO])
and FR-AME ("RUN_DATA II , -#NO#= [FAC_ROW_NO] ,



#TOOL#:=[UN_TOOL_FAC])
RULE ~l]MBER: 255
IF': [TYP}!;]=1

and (LB_HOURS]>0
THEN:

Labour is needed
RULE NUMBER: 256IF: [TYPE]=0

and [LB_HOURS_SYS]>0
THEN:

Labour is needed
RULYi!NUMBER: 257IF: [TYPE]=1and [LB_HOURS]=0
THEN: Labour is not needed
RULE NUMBER: 258
IF: [TYPE]=0

and [LB_HOURS_SYS]=0
THEN:

Labour is not needed
RULE NUMBER: 259
IF: Labour is neededand [LB_OWN]>0
THEN:

T.Jabouris obtainable
RULE NUMBER: 260
IF: Labour is needed

and [TYPE]=1and [LB_RENT_DAY]>0
THEN:

o

Labour is obtainable
and [LAB COST] IS Glv~N THE VALUE ([LAB COST] +

([LB_RENT_DAYJ*[LB_DAYSJ*[LB_NO]))
RULE NUMBER: 261IF:

o

Labour is neededand [TYPE]=0
and [LB_RENT_DAYJ>O

TH.EN:
Labour is obtainableand (LAB COST] IS GIVEN THE VALUE ((LAB COST] +«(LB_RENT_DAY]*[LB_DAYS_SYSJ*[LB_NO_SYS]))



RULE NUMBER: 262
IF:

Labour is neededand [TYPE]=1
and [LB_RENT_HOURJ>O

THEN:
Labour is obtainable

and [LAB COST] IS GIVEN THE V.ALUE ([LAB COST] +([LB_RENT_HOUR]*[LB_HOURS]*[LB_NO]))
RULE NUMBER: 263
IF:

Labour is neededand [TYPE]=0
and [LB_RENT_HOURJ>O

THEN:
Labour is obtainable

and [LAB COST] IS GIVEN THE VALUE ([LAB COST] +
([LB_RENT_HOtffiJ*[LB_HOURS_SYS]*[LB_NO_SYS)))

RULE NUMBER: 264IF:
Labour is neededand [LB_NOO]>0

THEN:
Labour is not obtainable

RULE NUMBER: 265IF:
Labour is needed

and [LB OWN] =0and [LB-RENT DAY]=Oand [LB-RENT-HOUR]=0
and [LB:NOO]"=O

THEN:
[LL] IS GIVEN THE VALUE 1

RULE l~ER: 266IF:
[[LAB NOME]] labourers are obtainable free of charge OR

rentable OR not
obtainable

THEN:.(::~"'l

10

I

Information on labour availahility is not reqd
ELSE:

DISPLAY(LAB[[COUNT]].INF)
and CLEAR (Q 66)
and CLEAR(R THIS)

RULE NUMBER: 267
IF: Information on labour availability is not reqd

and [[LAB NOME)] labourers are obtainable free of. charge ORrentable
THEN:

Corrmence labour? Yes
ELSE: Labour is not obtainable



and FRAME ("LB_EUINF", #LB#= [COUNT], #NO# :=1)
RULE NUMBER: 268
IF: Commence labour? Yesand [[LAB NOME)] labourers are obtainable free of charge
THEN:

Labour is obtainableand FRAME ("LB_EUINF", #LB#= [COUh-or],#OWN#. =1 )
RULE N"'UMBER:269
IF:

andandand
OR not

Commence labour? Yes[TYPE]=1[[LAB NOME]] labourers are rentable
Renting of [[LAB NOME] I labour is done
known

on a daily basis

THEN: Labour is obtainableand [LAB COST] IS GIVEN THE VALUE ([LAB COST]
+([LAB RENT D]*[LB DAYS]*[LB NO]»ana. FRAME (TrLB_EUINF", lftB#= [COUNT], #RENT-D#: == [LAB_RENT_DJ )

RULE ~UMBER: 270
I1":

and
and
andOR not

THEN:

Con~ence labour? Yes[TYPE]""'0[[LAB NOME]] labourers are rentable
Renting of [[LAB NOME] 1 labour is done
known

on a daily basis

La~our is obtainableand [LAB COST] IS GIVEN THE VALUE {[LAB COST]+([LAB RENT D]*[LB DAYS SYS]*[LB NO SYS])and FRAME (TrLB_EtJINF"f 1(LB#=TCOUNT], ffRENT-D#:=[LAB_RENT_D])
RULE NUMBER: 271
IF:

Commence labour? Yesand [TYPE]=1
and [[LAB NOME]] labourers are rentable
and Renting of [[LAB NOME]] labour is done on an hourly basis

'THEN:
(~
10

Labour is obtainableand [lJABCOST] IS GIVEN THE VALUE ([LAB COST]
+([LAB RENT H]*[LB HOURS]*[LB NO]»and J!'RAME (TrLB_EUINF", tfLB#=[COlTN'T'r,#RENT-H#::::;[LAB_RENT_H] )----------------------------------------RULE NUMBER: 272

IF:

o

Commence lii.'bour?Yesand [TYPE]=0
and [[LAB NOME]] labourers are rentable
and Renting of [[LAB NOME] J labour is done on an hourly basis

THEN:
l
11
\..._,

Labour is obtainableand [LAB COS'l']IS GIVEN THE VALUE ([Li\BCOST]
+ ([LAB RENT H]* [LB HOURS SYS] * [LB NO SYS]»

and FRAM.E(TrLB_EUINF", ilfLB#=[COUNT],#RENtft-H#:=[LAB__RENT_H])



RULE NUMBER: 273
IE' :

Labour is needed
and Labour is not obtainable

THEN:
[COUN'r] IS GIVEN THE VALUE [LAB NUM]

and [LAB COST] IS GIVEN THE VALUE 9~9999

ELSE:
[COUNT] IS GIVEN THE VALUE ([COUNT] +1 )

RULE NUMBER: 274
IF:

(LAB COST]<>999999
and [TYPE] =1

THEN:
[LAB COST FCD] IS GIVEN THE VALUE ([LAB COST] *

[UN LAB FAC])
and 'FRAME ("tJN_COSTS" , #NO#=[U), #LABOR#:=[LAB COST FCD)
and FRAME(IIUN COSTS", #NO#= [U], #F'AC ROW#:= [FAC ROW NO] )
and FRAME("RUN-DATA" I #NO#= (FAC ROWNO) t #LAB#: = [UN LAB FAC])
and [FAC ROWN01] IS GIVEN THE-VALUE ([FAC ROW NOTT1)-
and _ E'RAME("NUMBERS.FRM", $ITEM$-;;'IIFactors" ,

#NUM#:=[FAC_ROW_N01])

RULE NUMBER: 275
IF:

[L~~ COST]<>999999
and [TYPE]=Q

THEN:
[LAB COST FCD] IS GIVEN THE VALUE ([LAB COST] *

[SY LAB FAC])
and -FRAME ("SY COSTS", #RS#= [RS NO ACC], #LABOR#:= [LAB COST

FCD]) - - -
an d FRAME("SY COSTS", #RS#=[RS NO ACe],

#FAC ROW#:=[FAC ROWNO])
ana FRAME("RUN DATA", #NO#= (FAC ROWNO], #LAB#: = [SY LAB FAC])
and [FAC ROWN01] IS GIVEN THE-VALUE ([FAC ROW NoT+1) _
and - FRAME ("NUMBERS. FRM" I $ITEM$-;;'''Factors",

#NUM#:=[FAC_ROW_N01])

RULE NUMBER: 276
IF:

[MAT COST]>=O
and [MOD COST]>=O
and [TOOL COST]>=O
and [EQUIP COST]>=O
and [LAB COST»=O

THEN:
[TOTAL COST] IS GIVEN THE VALUE ([MAT COST FCD] + [MOD COST

FCD] + [TOOL
COST ~CD]+[EQUIP COST FCD]+[LAB COST FCD])

RULE NUMBER: 277
IF:

o and
[TYPE] =1
[FIN_AVAIL]>=[TOTAL COST]

THEN:

and
l'''RAMEC'UN_COSTS'', #NO;;=[U], $FINAL$:="Yes")
FRAMR:(IIUN_COSTSII, #NO#= [U~, #TOTAL#:= [TOTAL COST])



RULE NUMBER: 278
IF: [TYPE]=0and (FIN AVAIL]>=[TOTAL COST]and The more detailed costing process has calculated that you
can affordapproximately ((AREA_AFF_SYS]] m2 of the [i:RT_NAAM)]roof
type. Is this acceptable? Yes
THEN: FRAME("SY COSTS", #RS#=[RS NO ACC], $FINAL$:="Yes")

and FRAME ("SY_COSTS", #RS#= [RS_NO_ACC] I #TOTAL#:= [TOTAL COST] )
RULE NUHBER: 279
IF: rINFO DATAJ=3

and Info 'frame has been displayedand [SLOT]>0and [INFO NAME J <>""and [INFO-ADDRESS]<>""and [INFO-TEL]>=0
and The material is purchaseable
and [INFO_SALE]>=0

THEN:

~
I

FRAME ("MAT [[MAT INFO]]. INF" I #NO#= [SLOTJ, $NAME OFSUPPLIER$:=[INFO NAME])
and FRAME (":MAT[(MAT_INFO]].INF", #NO#= [SLOT], $ADDRESS / VENUE

OF SUPPLY$:=[INFO ADDRESS))
and FRAME ("MAT [TYlAT INFO] J • INF", #NO#= [SLOT] f #CONTACTNUMBER#:=[INFO_TEL]) _
and FRAME ("MAT[[MAll'INFO]~.INF", #NO#= [SLOT], #SELLINGPRICE#:=[INFO_SALE]) _
and FRAME ("SUPPLIER" I tlNO#= [ [MAT_INFO]), #MAT_SUP#: =1)

RULE NUMBER: 280IF: [INFO DATA]=3
and Info 'frame has been displayedand [SLOT]>0and [INFO NAME]<> 1111

and [INFO-ADDRESS]<>"11
and [INFO-TEL]>=0
and The material is freely available

THEN:
FRAME ("MAT[[MAT INFO]] .INF", #NO#= [SLOT], $NAME OFSUPPLIER$:=[INFO NAME])

and :F'RAME ("MAT[[MAT_INFO]]•INF" f #NO#= (SLOT] r $ADDRESS / VENUEOF SUPPLY$:=[INFO ADDRESS)
and FRAME("MAT[TMAT INFO]] .INF", #NO#=[SLOT] , #CONTACT~ffiER#:=[INFO_TEL]) -
and FRAME ("MAT[[MAT INFO]]. INF", #NO#= [SLOT], #FREELYAVAILABLE#:="Yes") -
and FRAME (IISUPPLIER", #NO#= [[MAT_INFO]], #MAT_SUP# :=1)



o

RULE NUMBER: 281
IF:

[INFG DATA)=1
and Info rrame has been displayed
and [SLOT) >0
and [INFO NAME]<>""ncr [INFO-ADDRESS] <>""
and [IliIFO-TEL] >=0
and [INFC-SALE]>0

TJ.IEN:
FRAME ("MOD[[MOD INFO]]. INF", #NO#= [SLOT], $NAl\1E OF
SUPPLIER$:=[INFO NAME])

and FRAME ("MOD[[MOD INFO]] 0 INF", #NO#= [SLOT] I $ADDRESS OF
SUPPLIER$:=[INFO ADDRESS])

and FRAME ("MOD[[MOD INFO]] 0 INF" , #NO#= [SLOT] I #CONTACT
NUMBER#:=[INFO_TEL]) -

and FRAME("MOD[[MOD INFO 1 ] • INF" , #NO#= [SLOT] , #SELLING
PRICE#:=[INFO_SALE]) -

and FRANE("SUPPLIER", #NO#= [[MOD_IN:&'O_;tvIORE]], #MOD_SUP#:=1)

RULE NUMBER: 282
IF:

[INFO DATA]=4
and Info rrame has been displayed
and [SLOT] >0
and [INFO NAME) <>""
and [INFO-ADDRESS] <>""
and (INFO-TEL] >=0
and Is the tool for rent OR both
and Is the tool rentable per hour OR both
and [INFO_RENT_~]>=O

THEN:
FRAME("TOOL [ [TOOL INFO]] oINF", #NO#=[SLOT], $NAMEOF
SUPPLIER$:=[INFO N&~])

and FRAME("TOOL [[TOOL INFO]] 0 INF", #NO#= [SLOT] f $ADDRli:SSOF
SUPPLIER$:=[INFO ADDRESS])

and FRAME("TOOL [[TOOL INFO]]. INF", #NO#= [SLOT], #CONTACT
NUMBER#: :::;[nTFO TEL])

and FRAME("TOOL [[TOOL INFO] l 0 INF" r #NOtf= [SLOT] ,
#HOURLY#:= [INFO RENT H]) ..-

and FRAME(HSUPPLIER" , #NO#=[ [TOOL_INFO]], #TL_SUP#:=1)

RULE NUMBER: 283
IF:

[INFO DATA]=4
and Info rrame has been displayed
and [SLOT] >0
and [INFO NAME] <>1"1
and [INFO-ADDRESS] <.>""
and [INFO-TEI ..] >=0
and Is the tool for 'r"ent OR both
and Is the tool rentable per day OR both
and [INFO_RENT_Dl>=O

THEN:
FRAME("TOOL [[TOOL INFO]] • INF" , #NO#=[SLOT], $NAMEOF
SUPPLIER$:=[INFO NAME])

and FRAME("TOOL [[TOOL INFO]] 0 INF" , #NO#= [SLOT] , $ADDRESS OF
SUPPLIER$:=[INFO ADDRESS])

and FRAME("TOOL [[TOOL INFO]] •INF" I #NO#=[SLOT] , #CON'rACT
NUMBER#: = [INFO TELl)

and FRAME("TOOL [ [TOOL_INFO]].INF", #NO#=[SLOT] ,



#DAtLY#:=(INFO RENT DJ)
and FRAME ("SUPPLIER" I #NO#=[ [TOOL_INFO]] t #TL_SUP#:=1)

RULE NUMBER: 284
IF:

and

r

ar_d
and
and
and
and
and

THEN:

and

and

and

and

[INFO DATA]=4
Info frame has been displayed
[SLOT] >0
[INFO Nl>..ME]<>""
[INFO-ADDRESS] <>""
[INFO-TEL] >=0
Is the tool for sale OR both
[INFO_SALE] >=0

FRAME("TonL [[TOOL INFO]] •INF", #NO#= [SLOT] I $NAMEOF
SUPPLIER~ =(INFO NAME])
FR..~ ("TOOL [[TOOL INFO]]. INF", #NO#= (SLOT], $ADDRESS OF
SUPPLIER$:=[INFO ADDRESS])
FRAME!("TOOT.J[[TOOL INFO]]. INF" I #NO#= [SLOT]! #CONTACT
NLThffiER#:=[INFO TEL])
FR&\1E('IIrOOL[ [TOOL INFO]] .INF", #NO#=[SLO'r] I #SELLING
PRICE#:=[INFO SALE])
FRAME ("SUPPLIER" ~ #NO#=[ [TOOL_INFO]], #TL_SUP#:=1)

RULE NUMBER: 285
IF:

[INFO DATA]=2
and Info frame has been displayed
and [SLOT] >0
and [INFO NAME) <>''''
and [INFO-ADDRESS] <>""
and [INFO-TEL] >=0
and Is the equipment for rent OR both
and Is the equipment rentable per hour OR both
and [INFO_REN1~H]>=0

THEN:

I

~

FRAME ("EQUIP [[EQUIP INFO]] •INF", #NO#o= [SLOT], $NAMEOF
SUPPLIER$:=[INFO NAME])

and FRAME ("EQUIP [[B~QUIP INFO]]. INF" I #NO#= [SLOT], $ADDRRSSOF
SUPPLIER$:=[INFO ADDRESS])

and FRAME("EQUIP [[EQUIP INFO]] • INF1
., #NO#= [SLO'r] I #CONTACT

NUMBER#:==[INFO TEL]T
and FRAME("EQUIP [[EQUIP INFO)]. INF" , #NO#= [SLOT] ,

#HOURLY#:=[INFO RENT H) -
and :B~RAME("SUPPLIER", #NO#= [ [EQUIP_ INFO] ], #EQU_ SUP# : = 1)

RULE NUMBI~R: 286
IF:

(INFO DATA]=2
and Info frame has been displayed
and [SLOT] >0
and [INFO NAME ~<> " "
and [INFO-ADDRESS] <>" II

and [INFO-TEL] >=0
and Is the equipment for rent OR both
and Is the equipment rentable per day OR both
and [IID'O_REN'I_D] >=0

THEN:

o

I

\_.- FRAME("EQUIP ([EQUIP INFO]]. INF", #NO#= [SLOT], $NAMEOF
SUPPLIER$:= [I.N'FO NAME])

and FR2\ME("EQUIP[ [EQUIP INFO]] .INF", #NO#=[SLOT] t $ADDRESSOF
SUPPLIER$:=(INFO ADDRESS])

and FRAME("EQUIP [ [EQUIP_INFO] ] • INF", #NO#= (SLOT), #CONTACT



NUMBER#:=[INFO TEL~}
aw.l FRAME("EQUIP [[EQUIP INFO]]. INF" I

#DAILY#:=[INFO RENT D]) -
and FRAME("SUPPLIER", #NO#= [[EQUIP_INFO] J I

#NO#=[SLOT] ,

#EQU_ SUP#: =1 )

RULE NUMBER: 287
IF:

[INFO DATA]=2
and Info frame has been displayed
and [SLOT] >0
and [INFO NAME]<>" "
and [INFO-ADDRESS] <>''''
and [INFO-TEL] >=0
and Is the equipment for salp. OR both
and [INFO_SALE] >=0

THEN:
]3'RP..ME ("EQUIP [[EQUIP INFO]] .INF", #NO#= [SLOT], $NAMEOF
SUPPLIER$:=[INFO NAME])

and FRAME("EQUIP [[EQ'(ffP INFO]]. INF" I #NO#= [SLOT], $ADDRESSOF
SUPPLIER$:=[INFO ADDRESS)

and FRAME C'EQUIP [[EQUIP INFO]]. INF", #NO#= [SLOrl'] p #CONTACT
NUMBER#:=[INFO TEL]T

and FRAME("EQUIP [[EQUIP INFO]]. INF", #NO#= [s·.:,orr], #SELLING
PRICE#:=[INFO SALE]T

and FRAME("SUPPLIER" , #NO#=[ [EQUIP_INFO]], #EQU_SUP#:=1)

RULE NUMBER: 288
IF:

and
~ and

and
and
and
and
-md

THEN:

and

and

and

and

[INFO DATA]=2
Info frame has been displayed
[SLOT' ......O
[INFO ~'fA1.m]<> 1111

[INFO-ADDRESS] <>"It
[INE'O-TEL] >=0
If~ the equipment for sale OR both
[l'NFO_SALE] >=0

FRAME("EQUIP [[EQUIP INFO]]. INF", #NO#= [SLOT], $N_l}..MEOF
SUPPLIER$:=[INFO NAME])

FRAME("EQUIP [[EQUIP INFO]]. INF", #NO#= [ST,CT], $ADDRESSOF
SUPPLIER$:=[INFO ADDRESS])
FRAME {"EQUIP [[EQUIP INFO] J • INF", #NO#= [SLOT] I #CONTACT
NUMBER#:=[INFO TEL]T
FRAME("EQUIP [[EQuIP INFO]]. INF" I #NO#= [SLOT], #SELI,ING
PRICE#:=[INFO SALE]T
FRAME("SUPPLIER" , #NO#=[ [EQUIP_INFO]], #EQU_SUP#:=1)

RULE NUMBER: 289
IF:

o and
and
and
and
and
and
and

o
TEEN:

[INFO DATA]=5
Info frame has been displayed
[SLOT] >0
[INFO NAME]<>1t1l
[INFO-ADDRESSJ <>'"'
[INFO-TEL] >=0
Does the labour charge per day OR both
[INFO_RENT_DJ >=0

FRAME("LAB [ [LAB INFO]] .INF", #NO#'-"[SLOT] , $PERSON /
COMPANY$:=[INFO-NAME]}

and FRAME("LAB [[LAB INFO]). INF", #NO#= [SLOT], $ADDRESS OF
PERSON / -

COMPANY$:=[INFO_ADDRESS])

I

~



I

I
~
I
I

r
I
I

o

I
'I
<:»

#NO#=[SLOT], #CONTAC'fand FRAME ("LAB[[LAB INFO]].INF" ,
NUMBER# z = (INE'O_TEL] ) _

and FRAME ("T ..AB ( [LAB INFO]] .INF", #NO#=[SLOT],#DAILY#:= [INFO RENT D]) _
and FR.~("'S"UPPLIER", #NO#=[ [LAB_INFO]], #LAB_SUP#:=1) jj

RULE NUMBER: 290
IF: [INFO DATA]=5

and Info Irame has been displayed
and [SLOT»(Jand [INFO NAME]<>""and [INFO-ADDRESS]<>""and [INFO-TEL]>=0
and Does ~e labour charge per hour OR bothand [INFO_RENT_H]>=0

THEN: FRA.""lE("r..AB [[LAB INFO]] .INF''',#NO#= [SLOT], $PERSON /COMPANY$:=[INFO-NAME] )
and FRAME ("LAB[[LAB INFO]] ¢ INF" , #NO#= [SLOT], $ADDRESS OFPERSON / _

CC1vIPp...NY$.:= [INFO ADDRESS])and FRAME ("LAB [[LAB INFO]].IN:!:!"", #NO#= [SLOT], #CONTACTNUMBER#:=[INFO_TEL]) -
and FRAME (IILAB [(LAB INFO]]. INF IIf

#HOURLY#:=[INFO RENT H]) -
and FRAME <"SUPPLIER" f #NO#= [[LAB_INFO]], #LAB_SUP# :=1)

#NO#=[SLOT] ,

RULE NUMBER: 291IF: [INFO DItTA]=1and [RSN01]<>"Xlland [RSNC'>:::'J<>IIX"
and [R::;N03)<>"Xll
and [RSN04)<>IIXII
and [RSN05]<>"X"
and [RSN06]<>"X"
and [RSN07]<>"X"
and [RSN08]<>"X"and [RSN09]<>"X"
and [RSN010]<>"X"
and [MOD INFO MORE»Oand [MD1T<>"xTr

and [MD2)<>"x"and [MD3j<>lIx"
and [MD4)<>"x"
and [MD5]<>"x"and (MD6]<>"x"
and [MD7]<>"x"
and [MD8]<>"x"
and [MD9]<>"x"and [MD10)<>"x"
and [MD11]<>"x"and [MD12)<>"x"
and (MD13]<>"x"
and [MD14]<>"x"
and [MD15]<>"X"
and [MD16]<>"x"and [MD17]<>"x"
and [MD18]<>"x"and [MD19]<>'IX"
and (MD20J<>"x"and [MOD_INFO]>0

I.)



THEN: DISPLAY(MOD[[MOD INFO]].INF)
and DISPLAY(SLOT.INFTand ~nfo frame has been displayed

RULE NUMBER: 292
IF: [INFO DATA)=2and (EQ1]'<>lIx"

and [EQ2]<>"X"and [EQ3]<>"x"and [EQ4]<>IIX"
and [EQS]<>"X"
and [EQ6]<>"x"and [EQ7]<>"XH
and [EQUIP_INFO]>0

THEN:
DISPLAY(EQUIP[[EQUIP INFOj].INF)and DISPLAY (SLOT.INF) -

dnd Info frame has been displayed
RULE NUMBER: 293
IF:

and
andand
and
and
and
and
an.dandandand
andandand
andand

THEN:

[INFO DhTA]=3[MT1]<>lixj!
[MT2]<>"X"
[MT3]<>"X"
[MT4]<>"x"
[MTS]<>"x"
[MT6]<>"x"
[MT'l]<>"xll[MT8]<>"x"[MT9]<>"x"[MT10]<>"x"[MT11]<>"x"
[MT12]<>"X"[MT13]<>"x"[MT14]<>"x"
[MT1SJ<>"x"[MAT_INFO]>0

DISPLAY(MAT[[MAT 1~70]].INF)
and DISPLAY(SLOT.INFT
and Info frame has been displayed

RULE NUMBER: 294
IF:.(r"~~

10
J

[INFO DATA]=4
and [TL1]<>"x"and [TL2]<>"X"
and [TL3]<>"X"
and [TL4]<>"X"dnd [TLS]<>"x"and [TL6]<>!lX"
and [TL7J<>HX"
and [TL8]<>"x"
and [TLSI]<>"x"
and [TL10]<>"X"
and [TOOL_INFO]>0

THEN: DISPLAY(TOOL[[TOOL INFO]].INF)and DISPLAY (SLOT.INF) -
and Info frame has be~n displayed



RULENUMBER:295
IF:

and
and
and
and
and
and
and
and
and

[INlm )ATA]=5
[LB1F~:>"x"
[LB2] <>"Xlf
[LB3] c:>"x"
[LB4] <>"x"
[LB51<>"x"
[LB6] <>"x"
[LB7] <>"X"
[LB8] <>"X"
[LAB~_INFO]>0

THEN:
DISPLAY(~~B[rLAB INFO]].INF)

and DISPLAY(SLOT.INFT
and Info frame has been dibplayed

-------------- .....------------_.. ..'-----------
RULE NUMBER: ....)6
IF:

Closest or exact t4':ca in which town/city falls is
Transvaal

and [TVL]>O

THEN:
FRAME(" CLIMATE2" , $DATA$=" Province/Homeland" !

$VA:::"UE$:="Transvaal")
and FRAME("CLIMATE2", $DATP~$="City/Town", $VALUE$:=[TOWN_TVL])

and FRAME("CLIMATE2", $DATA$="Region", $VALUE$:=[REGIONTVL])
and FRAME("NUMBERS.FRM",$:tTEM$="Clim chgH, #NUM#:=1)-
and Climate can proceed -

RULE NUMBER:297
IF:

Closest or exact area in which town/city falls is Orange
Free state

and [OFS]>0

THEN:

( .•..~
(.,
I
10

FRAME(" CLIMATE2 II , $DNrp~$="P'~. ~. ce /Homeland" ,
$VALUE$:="0range Free

state" )
and FRAME ("CLIMATE2", $DA'rA$="Cit y/Tcwn", ~\ALUE$:=[TOWN_OFS])

and FRAME("CLIMATE2", $DATA$="Region", $VALUE$:=[REGIONOFS])
and FRAME("NUMBERS.FRM", $ITEM$="Clim chg" f #NUM#:=1) -
and Climate can proceed -

RULE NUMBER:298
IF:

Closest or exact area in which town/city falls is Natal
anCi [NAT]>0

THEN:

o

FRAME(" CLIMATE2" , $DATA$="Province /Homeland" ,
$VALUE$:="Natal ")

and FRAME ("CLIMATE2", $DATA$="City/Town", $VALUE$:=[TOWN_NA'1'])

and FRAME("CLI:t.KATE2", $DATA$="Region", $VALUE$:=[REGIONNAT])
and FRAME(IINUMBERS.FRM", $ITEM$="Clim chg", #NUM#:=1)-
and Climate can proceed -I

I
\~ RULE NUMBER:299

IF:
Closest or exact area in which town/city falls is Cape



o

o

Province
and rep] >0

THEN:
$DATA$="Pr.ovince!Homelan.d",FRAME("CLIMATE2il,

$VALUE$:="Cape Province"}

and FRAME("CLIMATE2", $DATA$="City!Town", $VALUE$,= [TOWNCP])
and FRAME("CLIMATE2" , $DATA~'="RegionUI $VALUE$:=[REGIONCP])
and FRAME ("NUMF?aS.FRM"I $ITEM$="Clim ohq" I #NUM#:=1) ~
and Climate ca ~roceed -----------------------------------------

RULE NTlMBER:300
IF:

Closest or exact area in which town/city f~lls is
Swaziland

and [SWAZ]>0

THBN:
FRAME("CLIMATE2" , $DATA$="Province/Homeland" I

$VALUE$:="Swaziland")
and FRAME ("CLIMA'I'E2", $DArrA$="C.1.ty/Town" I

$VALUE$:= (TOWNSWA.Z])
and FRAME ("CLIMATE2" , $D;2\TA$=,IIRegionllI $VALUE~;~=[REGION_8WAZ])

and FRAME("Nli"MBERS.FRM"r $ITEM$"'''Clim chg" f irNL1M#:=1)
and Climate can proceed -

RULE NUMBER:301
IF:

Closest or exact area :!.n which town/ ci ty falls is Venda
and [VEN]>0

THEN:
FRAME("CLIMATE2", $DATA$="Province/Homeland",

$VALUE$:="Venda" )
and FRAME ("CLIMATE2" I $DATA$="City/Town", $VALUE$ := [',i:'v'iVN_VENJ)

and FRAME("CLIMATE2", $DATA$="Region", $VALUE$:= [REGIONYEN])
and FRAME("NU~ffiERS.FRM", $ITEM$=HClim chc" I #NUM#:=1)-
and Climate can proceed - .

RULE NUMBER:302
IF:

and
Closest or exact area in which town/city falls is Bop
[BOP]>0

THEN:
!i'RAME("CLIMATE2" I $DATA$="Province/Homelandll,

$VALUE$:="BOl(.PP")
and FRAME( 'CLIMATE21l

, $DATA$="City/Town", $VALUE$:=[TOWN_BOP])

and FRAME("CLIMATE2", $DATA$="Region", $VALUE$:= [REGIONBOP])
and FRAME("NUMBERS.FRM", $ITEM$="Clim chg", #NUM#:=1)-
and Climate can proceed -

RUL~ NUMBER:303
:;:F:

Closest or exact area in which town/ ci ty falls is Transkei
and [TRK]>0

THEN:
FRAME("CLIMA'lE2", $DATA$="Province/Homeland",

$VALUE$:="Transkei")
and :ffiAME ("CLIMATE2" I $DN1'A$="City/r.('own"I $VALUE$:=[TOWN_TRK])

""" ....... --..".-~~7"'-._..~ ........ .;:,"1t, .'. W" .. ..., , ~ '._~_.~_._'"'-",-'--~-"-"'>.'-..



and FRAME ("CLIMATE2", $DATA $="Region ". $VALUE$: = [REGION TRK])and FRAME("NUMBERS.FRM", $ITEM$="Cllnt chg", #NUM#:=')-and Climate can proceed _
RULE NUMBER: 304
IF:

Climate can proceed
THEN: FRAME ("CLIMATE2" I #No#= [NOM] I $Value$: = [CLIM_SUIT] )
RULE NUMBER: 305IF:

[SYS PURCH COST]>Oand [SYS-SELF COST] >0
and [SYS:AREAT>O

THEN: (AREA AFF] IS GIVEN THE VALUE
[FIN_AVAIL] IT( [8¥8_J;tmSU_iJ'I [OSZ)+ [SYS_SELF_COST] )I~ * (SYS_:'AREA]
RULE NUMBER: 306
IF: [TYPE_FACTOR]="Unit"
THEN: The roofing type for which you ~;1ishto enter cost factors,
is a unit
RULE NUMBER: 307
u"': (TYPE_FACTOR]="Sys"
THEN:

The roof.:i.ngtype for which you wish to enter cost factors,
is a system
RULE NUMBER: 308
IF: The roofing type for which you wisr.\to enter cost factors,
is a unitand How did you categorise yourself when you ran buildroof?
Self-builder
'l1HEN:

[CAT__FACTOR] IS GIVEN THE VALUE "SELF"
RULE NUMBER: 309IF:

The roofing type for which you wish to enter cost factors,is a unit
and How did you categorise yourself when you ran buildroof?Artisan

THEN:
[CAT_FACTOR] IS GIVEN rrHE VALUE "ART"

RULE NUMBER: 310
IF:

!~

The roofing type for which you ~dsh to enter cost factors,is a unit
and How did you categorise yourself when you ran buildroof?Small scale

contractor
THEN:



[CAT_FACTOR] IS GIVEN THE TALUE "CONT"
RULE NUMBER: 311IF: The roofing type for which you wi,shto enter cost factors I

is a systemand Did you build or purchase your [[NAME_FACTOR]] modules?
Build yourself
THEN:

[CAT_F2~.cTOR]IS GIVEN THE VALUE IISELF"
RULE NUMBER: 312IF:

The roofing type for which you wish to enter cost factors Iis a systemand Did you build or purchase your ([NAME_FACTOR]] modules?Purchase
THEN: [CAT_FACTOR) IS GIVEN THE VALUE "PURCH"--------------------------------~-------RULE NUMBER: 313IF:

([SU_ST_FACTOR] +1)> [SU_FI_"FACTOR]
THEN:

[SUN02] IS GIVEN THE VALUE ""
RULE NUMBER: 314IF: ([SU_ST_FACTOR]+2»[SU_FI_FACTOR]
THEN:

[SUN03] IS GIVEN THE VALUE ""
RULE NUMBER: 315
IF~ ([SU_ST_FACTOR]+3»[SU_FI_FACTOR]
THEN:

[SOO04] IS GIVEN THE VALUE '"'
RULE NUMBBR: 316IF:

([SU_ST_FACTOR]+4»(SU_FI_FACTOR]
THEN:

[SUN05) IS GIVEN THE VALUE ""----------------------------------------RULE NUMBER: 317IF:
([SU_ST_FACTOR]+5»[SU_FI_FACTOR]

THEN:
(SUN06] IS GIVEN THE VALUE '"'

RULE NUMBER: 318
IF:

liO ([SU_ST_FACTOR]+6»[SU_FI_YACTOR]
THEN: [SUN07] IS GIVEN THE VALUE 1111



RULE NUMBER: 319
IF: ([SU ST FACTOR] +7)> [SU_FI_]'ACTOR]
'l'HEN: [8UN08] IS GIVEN THE VAJ...UE '"'
RULE NUMBER: 320IF: ([SU_ST_FACTOR] +8)> [SU_FI_]'ACTOR]
THEN:

[SUN09] IS GIVEN THE VALUE ""----------------------------------------RULE NUMBER: 321
IF: ([SU__ST_FACIJ.'OR]+9)> [8U_FI_FACTOP.)
THEN: [SUN010J IS GIVEN THE VAl,UE ''''
RULE NUMBER: 322
IF: ([SU_ST_FACTOR]+10»(SU_FI_FACTOR]
THit:N: [SUN011] IS GIVEN THE VALUE ""
RULE NUMBER: 323
IF: ([SU_ST_FACTOR]+11»[SU_FI_FACTOR]
THEN: [SUN012] IS GIVEN THE VALUE 1111

RULE Nt~ER: 324IF: ([8U_ST_FACTOR] +'12):>[SU_FI_FACTOR]
THEN: [SUN013] IS GIVEN THE VALUE '"'
RULE NUMBER: 325
IF: (lSU_ST_FACTOR]+13»[SU_FI_FACTOR]
'rHEN: [SOO014] IS GIVEN THE VALUE ""
RULE ln1MBER: 326
IF:

o ([SU_ST_FACTOR]+14»[SU_FI_FACTOR)
THEN:

[SUNO'15] I8 GIVEN THE Vl\LUE ""
RULE NUMBER: 327
IF:

The roofing type for whioh you wish to enter cost factors I

is a systemand [OLD_CASES] =0
'I'HEN:

[MONTHS3] IS GIVEN THE VALUE [MONTHS2] - (MONTHS1]and [NEhT CASES] IS GIVEN THE VALUE ([OLD CASES] +1)and FRAME("COST_1"AC", #RS#=[RS_TO_COST],-



..

#CASES.[[CAT FACTOR]]#:=[NEW CASES])
and [MOD FAC] IS - GIVEN THE VALUE

[ACTUAlJMODCOST] * (1-nMONTHS3] * [IR]/1200) )
and TMOD FACj IS GIVEN THE VALUE ([MOD FAC)/ [PRED MODCOST])
and - F RAM E ( " COS T FA C " I # RS # = [R S TO COS T] ,

# ([CAT FACTOR]].MOD#:=[MOD FAC]) - -
and - [EQUIP FAC] IS GIVEN THE VAr.DE[ACTUAL EQUIPCOST]*(1-([MONTHS3]*[IR]/1200»)
and lEQUIP FAC] IS GIVEN THE VALUE

[EQUIP FAC]/(PRED EQUIPCOST]
and -FRAME('YCOSTFAC", #RS#= [RS TO CGS'!'],

#[(CAT FACTOR]].EQUIP#:=(EQUI~ FAC])
and - [MAT FAC] IS GIVEN THE VALUE

[ACTUAL MA'I'COST]* (1- nMONTHS3] * [IR]/1200) )
and TMAT FAC] IS GIVEN THE VALUE ([MAT FAC]/[PRED MATCOST])
and - FRAME ,"COST FACti, #as#= [RS T-O COST],

#[[CAT FACTOR]) .MATS#:=[MAT FAC]) - _
and -[TOOL FAC] IS GIVEN THE VALUE[ACTUAL TOOLCOST]*(1-([MONTHS3]*[IR]/1200»
and [TOOL FAC] IS GIVEN THE VALUE [TOOL FAC] I [PRED TOOLCOST]
and FRAMET'COST FAC", #RS#= [RS TO COST]-; -#[[CAT FACTOR]].TOOLS#:=[TQOL-FAC])
a n d - [LAB FAC] I S -GIVEN THE VALUE

[ACTUl-.LLABCOST] * (1- nMONTHS3] * [IRj/1200) )
and TLAB FAC) IS GIVEN THE VALUE [LAB FAC]/[PRED LABCOST}and - FRAME ("COST FAC", 1FRS#= [RS TO COST],#[[CAT FACT0R]] .LAB#:=[LAB FAC]) _ _
and -[ACTUAL_TOTCOST] IS-GIVEN THE VALUE

[ACTUAL MODCOST)+ [ACTUAL EQUIPCOST]+[ACTUAL MATCOST]+[AC'IUAL TOOL-COST]+ [ACTUAL LABCOST] - --
and [INFL TOTCOSTT IS GIVEN THE VALUR([ACW-:;;LTOTCOST]* (1+ ([MONTHS1]* [l".R] /1200))/[AREA FACTOR])
and [INFL T<YrCOST] IS GIVEN THE VAIJUE -(([INFL 'rOTCOST]* [SIZE FACTOR]) + ([INI'J:'IALTOTCOSTS]» /2and FRAME("SYSTEMS", #RS#=1RS TO COST], -

#COST.[[CAT_FACTOR}]#:=[INFL:TOTCOST])
RULE Nm{BER: 328
IF:

'I'he roofing type for which you wish to enter cost factors,
is a system

and [OLD_CASES]>0
THEN:

o

[MONTHS3] IS GIVEN THE VAIUE [MONTHS2]-[MONTHS1]
and [NEW CASES] IS GIVEN THE VALUE ([OLD CASES]+1)and FRAME(UCOST FAC", #RS#=[R2 TO COST],-

#CASES.[[CAT FACTOR]]#:=[NEW CASES')
and [MOD FAC] IS - GIV:&;N THE VALUE

[ACTUAL MODCOST]*(1-r[MONTHS3]*[IR]/1200»
and THOD_FAC] IS GIVEN THE VALUE

(([MOD FAC].I[PRED MODCOST] * [EU MOD.l)'AC])+ (5*[OLD MODFAC]») /6
a na F RAM E ("COS T FAc " , #R S #= [R S TO COS T] ,#[[CAT FACTOR]] .MOD#:=[MOD FAC]) - -
and -[EQUIP FAC] IS GIVEN THE VALUE

[ACTUAL EQUIPCOST]*(1-([MONTHS3)*[IR]/1200»
and [EQUIP_FAC) IS GIVEN THE VALUE

«[EQUIP FAC]/[PRED EQUIPCOST]*[EU EQUIPFAC])+(5*[OLD EQUIPFAC]»!O _ - -
and FRAME ("COST FAC", #RS#= [RS TO COST],

#[[CAT FACTOR]].EQUIP#:=[EQUIP FAC)
and - [MAT FAC] IS (;IVEN THE VALUE

[ACTUAL_MATCOST]*(1-rtMONTHS3]*[IR]/1200»



and [MAT_FAC] IS GIVEN THE VALUE

{([MAT FAC]/[PR~D MATCOST]*[EU MATFAC)+{5*(OLD MATFAC]»/6
a na F RAME ( II COS T FA C II , # R S # = rR S TO COS T] I

#[[CAT FACTOR)].MATS#:=[MAT FAC])
and -[TOOL FAC] IS GIVEN THE VALUE

[ACTU~L TOOLCOST]*(1-([MONTHS3]*[IRJ/1200»
and [TOOL_.FAC] IS GIVEN THE VALUE

({ [TOOL FAC] 1 [PRED TOOLCOST] * [EU TOOLl<'AC])+ (5* [OLD 'rOOLFAC]» 16
and FRAME("COS'l'-FAC", #ns#= [R'S TO COST) I -

#[[CAT FACTOR]].TOOLS#:=[TOOL-FAC1)
and - [L!>-B FAC] IS -GIVEN THE VALUE

[ACTUAL LABCOST]*(1-\1MONTHS3]*[IR]/1200»
and TLAB_FACJ ~S GIVEN THE VALUE

«[LAB FAC] 1 [PRED LABCOST]*[EU LABFAC])+(5*[OLD LABFAC]»/6
ana !<'RAlvfE ("COST FAC", #RS#= lRS TO COST],

# [ [CAT FA(,'X'OR]] •LAB# : ==[LAB FAC]) - --
a~.,d-[ACTTJAL_TOTCOST] IS-GIVEN THE VALUE

[ACrUAf· MOnr')ST) + [ACTUAL EQUIPCOST] + [AC'l'tJAL MATCOST]+ [ACTUAL TOOL
(:08'1];- [ACTUAL LABCOST] - _

and [:tNFL TOT'COSTT IS GIVEN THE VALUE
([AcrtThL 'l'OTCOS'l']* (1 + ( [MONTHS1]* [IR] 11200) ) 1 [AREA FACTOR])
~r.NFD TOTCOST) IS GIVEN THE VALUE -

iJNF.L TOTCOST] * [SIZE FACTOR])+(5*[INITIAL TOTCOSTS]j)/6
." : ''SYSTEHS'' , #RS#=lRS TO COST] , -

,,[CAT_FACTOR] ] #: = [INFL=TOTCOST] )

RtJl.:-' :yr~. .
IF:

(285)

'!":l~~ 'f'(')<.;.':l..lY type for which you wish to enter cost factors,
is a unit

and [OLD CA.';'i£;~~}::::O
and [SUB'UNIIJ1)'ACTOR] >0

'l'HEN:

o

[MONTHS3) IS GIVEN THE VALUE [MONTHS2]-[MONTHS1]
and [clEW CASES] IS GIVEN THE VALUE ([OLD CASES]+1)
and l;'RANE("COST F,AC", #RS#=- [RS TO COST],-

#CASES. [ [CAT FACTOR]] # : = [NEW CASES J )
and [MOD FAC] IS - GIVEN THE VALUE

(ACTUAL MODCOST]*(1-[[MONTHS3]*[IR]/1200»
and TMOD FAC] IS GIVEN 'I'HE VALUE ([MOD FAC] 1 [PRED MODCOST])
and - F RAME ( " COS T FA C" , # R S # = [R S T-O COS T] ,

#[[CAT FACTOR]].MOD#:=[MOD FAC])
and -[EQUIP FAC] IS GIVEN THE VALUE

[ACTUAL EQUIPCOST]*(1-([MONTHS3]*[IR]/1200»
and lEQUIP FAC] IS GIVEN THE VALUE

[EQUIP FAC] 1 [PRED EQUIPCOS'l]
and -FRAME ("COST FAC", #RS#= [RS TO COST),

#[[CAT FACTOR]].EQUIP#:=[EQUIP FAC])
and - [MAT FAC] IS GIVEN THE VALUE

[ACTUAL MATCOST]*(1-'[[MONTHS3]*[IR]/1200»
and TMAT FAC] IS GIVEN THE VALUE ([MAT FAC] 1 [PRED MATCOST)
and "- FRAlvl.E ("COST FAC", #RS#= [RS T-O COST],

#[[CAT FACTOR]].MATS#:=[MAT FAC])
and -[TOOL FAC] IS GIVEN THE VALUE

[ACTUAL TOOLCOST] * (1- ([MON'l'HS3] * [IR] /1200) )
and [TOOL FAC] IS GIVEN THE VALUE [TOOL FAC] 1 [PRED TOOLCOST]
and ]'RA.."'1E1"COSTFAC", #RS#= [RS 'l'0 COS'l']-; -

#[[CAT FACTOR]] .TOOLS#:==[TOOL-FAC])
and _ [LAB FAC] IS -GIVEN THE VALUE

[ACTUAL LABCOST]*(1-[[MONTHS3]*[IR]/1200»
and TLAB_FAC] IS GIVEN THE VALUE [LAB_FAC] / [PRED_T...ABCOST]

o
I
\J



and FRAME ("COST FAC", #RS#= [RS_TO_COST] ,
#[(CAT FACTOR]].LAB#:=[LAB FAC])and -[ACTUAL_TOTCOST] IS-GIVEN THE VALUE
[ACTITALMODCOST]+ [ACTUAL EQUIPCOST]+ [ACTUAL ~1ATCOST]+[ACTUALTOOLCOST] + [ACTUAL LABCOST] - -

and [INFL TOTCOSTT IS GIVEN THE VALUE
([AC'rUAL~t'OTCOST]* {1+ ([MONTHS1]* [IR)/1200) ))and [SU COST--FAC'I'ORSLOT] IS GIVEN THE Vli,LUE
([SUBUNIT FACTOR]+[SU ST FACTOR]-1)

and [INl"LTOTCOST] IS GIvEN THE VALUE«[INFL TOTCOST])+{[INITIAL TOTCOST]»/2and FRAME ("("!NITS'I,#NO#= [SU COST FACTOR SLOT],
#COST.[[CAT_FACTOR])#:~TINFL-TOTCOST])

RULE NUMBER: 330IF:
The roofing type for which you wish to enter cost factors,i~1a unit

and [OLD CASES]>Oand [SUBUNIT_FACTOR]>0
<" THEN:

(~:~
I10

o

[MONTHS3] IS GIVEN THE VALUE [MONTHS2]-[MONTHS1]and [NEW C~8ES] IS GIVEN THE VALUE ([OLD CASES]+1)and FRAMEr ST FAC", #RS#= [RS TO COST] ,-
#CASES. _(CAT FACTOR)] #:= [NEW CASES] )and [MOD FAC] IS - GIVEN THE Vi\LUE

[ACTUAL MODCOST]*(1-r[MONTHS3]*[IR]/1200»and TMOD_FAC] IS GIVEN THE VALUE
«[MOD FAC]/[PRED MODCOST]* (EU MODFAC])+(5*[OLD MODFAC]»/6an a FR AM E ("COS T FA C" , # R S # = [R S TO COS T] ,#[(CAT FACTOR]].MOD#:=[MOD FAC]) - -
and -[EQUIP FAC] IS GIVEN THE VALUE

[ACTUAL EQUIPCOST]*(1-«(MONTHS3]*[IR]/1200»and [EQUIP_,AC] IS GIVEN THE VALUE
«[EQUIP FAC]/[PRED EQUIPCOST]*(EU EQUIPFAC])+(5*[OLD EQUIPFAC]»

{"6 - - -
and FRAME ("COST FAC" I #RS#= [RS TO COST] I#[[CAT FACTOR]] .EQUIP#~=[EaUIP FAC])and - [MAT FAC] IS """GIVEN THE VALUE

[ACTUAL MATCOST]*(1-fTMONTHS3]*[IR]/1200»and TMAT_FAC] IS GIVEN THE VALUE
«[MAT FAC]/[PRED MATCOST]*[ElJ MATFAC])+(5*[OLD MATFAC))/6

ana FRAME ("COIST FAC", #FS#= CRS TO COST]#[[CAT FACTOR]].MATS#:=[MAr FAC]) - - ,
and -[TOOL FAC] IS GIVEN THE VALUE

[ACTUAL TOOLCOST] * (1- ([MONTH83]* [IR]/1200) )
and [TOOL_FAC] IS GIVEN THE VALUE

« [TOOL FAC]/[PRED TOOLCOg~t']* [EU TOOLFAC])+ (5*[OLD TOOLFAC]» /6and FRAME ("COST-FAC", #RS#= (RS TO COST] , -
# [ [CAT FACTOR]] •TOOIJS#:= [TOOL-FAC])and - [LAB FAC]! IS -GIVEN 'lIRE VALUE

[ACTUAL LABCOST] * (1-nMONTHS3] * [IR]/1200))and TLAB_FAC] IS GIVEN 'J~HEVALUE
«( [LAB FAC]/[PRED LABCOST] 1r [EU LABFAC]) + (5*[OLD LABFAC]» /6

ana FRAME ("COS.T FAe" I #RS#= [R.S TO COST],#([CAT FACTOR]]~L,AB#:=[LAB FAC]) - -
and - [ACTUAL_TOTCOST] IS--GIVENTHE VALUE

[ACTUAL_MODCOST]+[ACTUAL_EQUIPCOST]+[ACTUAL_l~TCOST]+[AcrruAL_TOOL



o

COST]+[ACTU~~ LABCOST]
and [INFL TOTCOSTT IS GIVEN THE VALUE

([ACTUAL TOTCOST]*(1+([MONTHS1]*[IR]/1200»)
and [SU COST--FACTOR SLOT] IS GIVEN THE VALUE

([SUBUNIT FACTOR]+[SU ST FACTOR]-1)
and [INFL TOTCOST] IS GIvEN THE VALUE

«[INFL TOTCOST])+(5*[INITIAL TOTCOST]»/6
and Ffu.\ME ("UNITS" I #NO#= (SU COST FACTOR SLOT] I

#COST.[[CAT_FACTOR]]#:=TINFL-TOTCOST])

RULE N"UMBER: 331
IF:

[MIN TEMP]>[NRS MIN TEMP]
and [MAX-TEMP] < [NRS-MAX-TEMP]
and [MAX=RAIN]< [NRS-MAX-RAIN]

THEN:
FRAME("CLIMATE1",

$ [[RS __NUM]] $:="Yes")

ELSE:

#NO#=[NRS_CLIM_COUNTER] I

,~
)

FRAME ("CLIMA'l'E1'~ I

$ t [RS_MUM] J $: ="NO")
#NO#=[NRS CLIM_COUNTER] I

RULE NUMBER: 332
IF:

Is the [[NRS_NAME]] a unit or a system? ~~Unit~~

THEN:
[RS NUM] IS GIVEN THE VALUE ([RS NUM] +1 )

and _ [NRS UNIT COUNTER] IS - GIVEN 'l'HE VALUE
([NRS UNJ':' COUNTERl+1) -

and- FRAME ("ALL" I $TYPE$="Total" f #NUM#: == [RS NUM])
and FRAME ("ALL" , $TYPE$="Units", #NUM#:=[NRS UNIT COUNTER])
and FRAME("EX'!'RAS. FRM" I #RS#= [RS NUM] f $NAME$: = [NRS NAME])
and FRAME("RS", #RS#= [RS NUM] I $NAME$:= [NRS NAME]) -
and FRA.ME("RS", #RS#= [RS-NUl.f), $TYPE$: ="Uni't")
and FRAME ("UNI'l'_INF" I #NO'-= [NRS_UNrr_COUNTER] I #RS#:= [RS_NUM] )

and FRAME ("UNIT INF" I l\~NO#=[NRS_UNIT_COUN'IER] ,
#SUB UNITS#:=[NRS SU NO]) _

ana FRAME ("TTUNIT INF" I #NO#= [NRS_UNI'r_COUNTER] f

#START# : = ([LAST FINISH] +1n
and FRAME("uNIT INF", #NO#= [NRS UNIT COUNTER] ,

#FINISH#:=(TLAST FINISH]+[NRS SU-NO]»
and FRAME ( "MD_EUINF" I 1f.MD#=[RS_NUMj, $RANGE_NOME$: = [NRS_NAME] )

and FRAME("NUMBERS. FRM" f $ITEM$="},zodules", #NUM#: = [RS NUM])
and [E] IS GIVEN THE VALUE 1 -
and FRAME("COST FAC", #RS#=[RS NUM], $NAME$:=[NRS NAME])
and FRAME("NUMBERS.FRM" , $ITEM-$="Clim chg", #NUM#:=1)
and FRAME("CLIMATE2", #NO#= [RS NUM], $NAME$:= [NRS NAME])
and FRAME("SUPPLIER", #.NO#=[MOD":_'NUM],$MOD_NAME$:=[N.RS_NAlv1E])

CJ

RULE NUMBER: 333
IF:

Is the [[NRS_NAME]] a unit or a system? ~hSystem~~

THEN:
[RS MUM] IS GIVEN THE VALUE ([RS NUM]+1 )

and FRAME("ALL!; I $TYFE$="Total", #NUM#: = [RS NUM])
and FRAME("NUMBERS. FRM" I $J:TEM$="Modules", {fNtJM#::; [RS NOM])
and [NRS SYSTEM COUN'l'ER] IS GIVEN THE - VALUE.

([NRS SYSTEM COuNTT;l:R]+1)-
and - F R l~ME ( If A L II " , $ T Y P E $ = " S ;r s t ems" ,

#NUM#:= [NRS_SYSTEM_.COUNTER])
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and FRAME("EXTRAS. FRM", #RS#= [RS NOM], $NAME$:::; [NRS NAME])
and FRAME("RS", #RS#= [RS NUM], $NAME$:= [NRS NAME]) -
and FRAME ("RS" , #RS#=[RS-NUMJ, $TYPE$:="Sys"lT)
and FRAME (" SYSTEMS" , #SYS#= [NRS SYSTEM COUNTER] ,

#RS#:= [RS NOM]) _ -
and _ FRAME ("SYSTEMS" , #SYS#=:; [NRS_SYSTEM_COUNTER] ,

$SYS NAME$:=[NRS NAME])
ana FRAME ("SYSTEMS", #SYS#=[NRS SYSTEM COUNTER],

#AREA#:=[NRS AREA PER SYS])- -
and FRAME:("SYSTEMS", 1{SYs1f= [NRS SYSTEM:COUNTER] ,

#SELl"# : = [NRS SYS COST SELF] T _
and FRAME ("SYSTEMS", -#SYS1f~ [NRS SYSTEM COUNTER] ,

#PURCH#:=[~TRS SYS COST PURCR]) _
and FRAME ("MD EUINF" I ffMD#= [RS NOM], $RANGE NOME$:= [NRS NAME])

and [MOD NOM] -IS GIVEN THE VALUE ([MOD NOMT+1 ) _
and - FRAME ("NUMBERS.FRM", $ITEM$="Sub'-Modules" ,

#NDM#:=[MOD NOM])
and - FRAME (IIMD EUINF", #MD#= [M.D NUM],

$NOME$:=[NRS SYS MOD NAME])-
and -FRAME ("SY MOD" i #SYS#= [NRS_SYSTEM_COUNTER] ,

#RS#:=[RS NUM]) -
and - FRAME("SY HOD", #RS#=[RS NUM],

$SYS NAME$:=[NRS SYS MOD NAMET)
a-n d F-R A ME (-n S Y MOD" J # R S # = [ R S N U M] ,

#MODULE RANGE. [[RS ~f]]#:=1)-
and FRAME(" SY MOO", #RS#= [RS NUM] , #MODULES. [[MOD NUM]] B#: =1 )
and [E] IS GIVEN THE VALUE '"2 -
and FRAME ("SY EQUIP", #SYS#= [NRS SYSTEM COUNTER] ,

#RSH : = [RS NUM]) - --
and - FRAME ("SY EQUIP", #RS#= [RS NUM],

$SYS NAME$~=[NRS SYS MOD NAME])
ana FRAME (''SY MATER" I #SYS#= [NRS_SYSTEM_COUNTER] ,

#RS# : =: [RS NUM]) _
and - }"RAME (" SY MATERlI, #RS#= [RS NUM] I

$SYS NAME$:=[NRS SYS MOD NAME])
ana FR~E (''SY TOOLS", #SYS#= [NRS_SYSTEM_COUNTER] ,

#RS# : = [RS NUM]) -
and - FRAME ("SY LABOR", #SYS#= [NRS_SYSTEM_COUNTER] I

#RS#: = [RS NUM]) -
and _ FRAME ("SY t.ABOR", #RS#= [RS NUM],

$SYS NAME$:=[NRS SYS MOD N~m])
ana FRAME("COST FAC",-#RS#=[RS NUM], $NAME$:=[NRS NAME])
and FRAME("NUMBERS. FRM", $ITEM$="Clim chg", #NUM#: =1 )
and FRAME("CLIMATE2", #NO#=[RS NOM], $NAME$:=[NRS NAME])
and F RAM E ( " SUP P L I-E R " , '# N 0 # = [RS NUM] ,

$HOD NAME$:=[NRS SYS MOD NAME])
ana FRAME ("SY COSTS", #SYS#= [NRS_SYSTEM_COUNTER] ,

#RS# : = [RS NUM]) -
and - FRAME ("SY COSTS", #RS#= [RS NUM] I

$SYS_NAME$:=[NRS_SYS_MOD_NAME])

RULE NUMBER: 334
IF:

Which of the following pitches does the [[NRS_NAME]] have?
Monopitch

THEN:
FRAME("EXTRAS.FRM", #RS#=[RS_NUM], $MONO$:="Yes")

o ELSE:
FRAME("EXTRAS.FRM" , #RS#=[RS_NUM], $MONO$:="No")
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RULE NUMBER: 335
IF:

Which of the following pitches does the [[NRS_NAME]] have?
Double pitch

THEN:

ELSE:

FRAME("EXTRAS.FRM" , #RS#=[RS_NUM], $DBL$:="Yes")

FRAME("~XTRAS. FRMti I #RS#=(RS_NOM]., $DBL$: ="No ")

RULE N1]MBER: 336
IF:

Flat

THEN:

ELSE:

Which of the following pitches does the [[NRS_NAME]] have?

FRAME("EXTRAS.FRM", #RS#=[RS_NOM], $PITCH.OTHER$:="Yes")

FRAME("EXTRAS•FRM", #RS#=[RS_NUM], $PITCH. O'l'HER$: ="No" )

-') RULE NUMBER: 337
IF:

Is the [[NRS_Nk.\1E]] suitable for temporary housing
purposes? Yes

THEN:

ELSE:

FRAME("EXTRAS.FRM" , #RS#=[RS_NUM], #TEMP#:="Yes")

FRAME("EXTRAS.FRM", #RS#=[RS_NUM], #'I'EMP#::= "l-TO")

RULE NUMBER: 338
IF:

THEN:

ELSE:

Is the [[NRS_NAME]] suited for extension purposes? Yes

FRAlvLE(":J:X'I'RAS.FRM", #RS#=[RS_NOM], #CORE#:="Yes")

:IF:
RULE NUMBER: 339

FRAME("EXTRAS.FRM" , #RS#=[RS_NUM], #CORE#:="No")

Is the [[NRS NAME]] suited for coastal regions? (i.e. is
it protected _

against ccr roaLonv) Yes

THEN:

ELSE:

FRAME("EXTRAS.FRMII
, #RS#=[RS_NUM], #COAST#:="Yes")

----------------------------------------FRA.'tv!EC'EXTRAS.FRM·!,#RS#=[RS_NUM], #COAST#:="No")

RULE NUMBER~340
IF:

and

THEN:

Is there a limit IOn the allowable span? Yes
[NRS_SPAN_ALLOW]>0

FRAME("EXTRAS.FRM",
#SPAN#:=[NRS_SPAN_ALLOW])

#RS#= [RS NUM],
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RULE NUMBER: 341
IF:

Is there a limit on the allowable :span? No

THEN:
FRAME(IIEXTRAS.FRM", #RS#=[RS_NUM], #SPAN#:=0)

RULE NUMBER: 342
IF:

Which of the following materials is the [ [NRS_NAME]l
suitable for?

Concrete blocks

THEN:
FRAME("EXTRAS.FRM", #RS#=[RS_NU"Y}, $CONC$:="Yes")

ELSE:
FRAME ("EXrrRAS.FRM", #RS#= [RS_NUM], $CONC$: =="No")

RULE NUMBER: 343
IF:

Which of the following materials is the [[MRS_NAME]]
-\ sui table for?

Bricks

THEN:
FRAME ("EXTRAS.FRM"r #R8#=[RS_NUM], $BRICKS$:="Yesll)

ELSE:
FRAliJE ("EXTRAS. FRM", #RS#= [RS_NUM] I $BRICKS$ : =IINo II)

RULE NUMBER: 344
IF:

Which of the following materials is the [[NRS_NAME]]
suitable for?

Non-load bearing material e.g. sheeting, cardboard etc.

THEN:
FRAME("EXTRAS .FRM", #RS#= [RS_NUM] , $WALLS .OTHER$ :::::"Yes")

ELSE:
FRAME("EXTRAS. FRM", #RS#= [RS_NUM], $WALLS. OTHER$: ="No")

RULE NUMBER: 345
IF:

With regards to the ceili.ng, classify the [[NRS__NAME]]:
A ceiling is

included

THEN:
FRAME ("EXTRAS. FRM", #RS#= [RS_NUM] , $CEILING. INCL$: ="Yes")

ELSE:
FRAME(IIEXTRAS.FRM", #RS#= [RS_NUM] I $CEILING. INCL$ :="INo")

RULE NUMBER: 346
IF:

With regards to the ceiling, classify the [[NRS_NAME]]:
Facilities are

available so as to incorporate a ceilin.g

THEN:
FRAME("EXTRAS. FRM", #RS#= [RS NOM] , $CEILING. FAC$: ="Yes")

ELSE:
FRAME("EXTRAS.FRM" , #RS#=[RS_NUM], $CEILING.FAC$:="No")



RULE NUMBER: 347
IF:

With regards to gutters, classify the [[NRS~_NAME)):
Gutters are

included

THEN:
FRAME("EXTRAS.FRM", I.!RS#=[RS_NUM], $GUTTER. INCL$ :="Yr;S")

ELSE:
FRAME( IIEXTRAS•FRMII, #RS#= [RS_.NUM), $GUTTER• INCL$ : ="No" )

RULE NUMBER: 348
IF:

With regards to gutters, classify the [[NRd_NAME]]:
Facilities are

available to incorporate gutters

THEN:
FRAME("EXTRAS. FRM", #RS#= [RS_NUM), $GUTTER.FAC$: ="Yes")

ELSE:~., FRAME("EXTRAS.FRM", #RS#=[RS_NUM), $GUTTER.FAC$:="No")

RULE NTJMBER: 349
IF:

Is the [[NRS_NAME]] a unit or a system? AAUnitAA

THEN:
FRAME ("UNITS" I #NO#= ( [Ll>~ST_FINISH] + [SU_COUNTER] ) ,

#RS#: = [RS NOM])
and FRAME("UNITS", #NO#= ([lAST FINISH] + [SU COUNTER]) ,

#UNI~#:=[NRS UNIT COUNTER]T -
and FRAME("UNITS""'! #NO#= ([LAST FINISH] + [SU COUNTER]) t

$UNIT NAME$: = [NRS NAME}) - --
and FRAMET" UNITS " , #NO#= ([LAST FINISH] + [SU COUNTER]) ,

#UNIT NO#: = [SU COUNTER]) - -
and FRAMETIIUNITS", -#NO#= ([LAST FINISH] + [SU COUNTER]) ,

$UNIT TYPE$:=[NRS SU NAME]T -
and FRAMET"UNITS", #No#=T[LAST FINISH]+[SU COUNTER]),

#AREA#:=[NRS SU AREA]) - -
and FRAME("UNITS""', 1{NO#=([LAST FINISH] + [SU COUNTER]),

#SELF#:=[NRS COST SU SELF]T -
and FRAME("UNITS""', #NO#=T [T.JASTFINISH] + [SU COUNTER]) ,

#ART#:=[NRS COST SU ART]) - -
and FRAME("UNITS''', #NO#= ([LAST FINISH] + [SU COUNTER]) ,

#CONT#:=[NRS_COST_SU_CONT]T -

RULE NUMBER: 350
IF:

Is the [[NRS_NAME]] a unit or a system? AAUnitAA

o THEN:

o

FRAME~"UN MOnu, tlNO#-= ([LAST FINISH] + [SU COUNTER]),
#RS#:= [RS NUM]) - _ _

and FRAME("UN MOD", #NO#= ([LAST FINISH) + [SU COUNTER]) ,
#UNIT#:=[Nl~S UNIT COUNTER])- _

and FRAME("UN MOD" I #NO#= ([LAST FINISH] + [SU COUNTER) I

$UNIT NAME$: = [NaS NAlvLE}~ - -
and FRAMET"UN MOD"~ #'&0#= ([LAST FINISH] + [SU COUNTER]) I

#UNIT NO#: = [SU COUNTER]) - -
and FRAMET"UN MOD"-;- #NO#= ([LAST FINISH] + [SU COUNTER]) I

$UNIT TYPE$:=[NRS SU NAME])- _
and FRAMET"UN MOD" I #NO#= ([LAST FINISH] + [SU COu'"NTER])I

#MODULE_RANGE. [ [RS_NUM]] # : =T) -

I

U

o



R1.JLE NUMBER: 351
IF:

Is the [[NRS_NAME]] a unit or a system? ""'Unit""

THEN:
FRAME("UN_EQUIP" I #NO#= ( [LAST_FINISH] + [SU~COUNTERJ ) I

#RS#:= [RS NUM])
and FRAME(liUN EQUIP II I #NO#= ([LAST FINISH] + [SU COUNTER]) I

#UNIT#:=[NRS UNIT COUNTER])
and FRAME("UN EQUIP", -#NO#= ([LAST F:tNISH] + [SU COUNTER]),

$LlNIT NAME$:= [NRS NAME]) - -
and FRAME1"UN EQUIP", -#NO#= ([LAST FINISH] + [SU COUNTER]),

#UNIT NO#:=[SU COUNTER]) - -
and FRAM.t!!1HUNEQUIP", #NO#= ([LAST FINISH1 + [SU COUNTER]) I

$UNIT_TYPE$:= [NRS_SU_NAME]) - -

RULE NUMBER: 352
IF:

IS the [[NRS_NAME]] a unit or a system? "''''Unit''''

THEN:
FRA'ME("UN MATER", #NO#= ([LAST_FINISH] + [SU_COUNTER] ) ,

#RS#:=[RS ~nJ.Mj) -
and FRAME("UN MATER", #NO#= ( [LAST_FINISH] + [SU_COUNTER] ) ,

#UNIT#:=[NRS UNIT ~OUNTER])
and FRAME ("UN MATER", -~#1-:0#=([LAST FINISH] + [SU COUNTER]) ,

$UNIT NAME$:= (NRS NAME]) - -
and FRAMET'UN MATER" f -#NO#= ([LAST FINISH] + [SU COUN7ER}) ,

#UNIT NO#:~[SU COUNTER]) - -
and FRAME1"UN MATER", #NO#=([LAST FINISH]+[SU COUNTER]),

$UNIT_TYPE$:= [NRS_SU_NAME] ) - -

RULE NUMBER: 353
IF:

Is the [[NRS_NAME]] a unit or a system? "''''Unit''''

THEN:
FRAME("UN TOOLS", #NO#= ([LAST_FINISH] + [SU_COUNTER]) I

#RS# : = r.RS NUM]) -
and b'RAME("UN TOOLS", #NO#=( [LAST_FINISH] + [SU_COUNTER]),

#\'JNIT# := [NRS UNIT COUNTER])
and FRAMEC'UN TOOLS", -#NO#= «(LAST FINISH] + [SU COUNTER]) ,

$UNIT NAME$:= [NRS NAME) - -
and FRAME1"UN TOOLS", -#NO#= ([LAST FINISH] + (SU COUNTER]) ,

#UNIT NO#:=[SU COUNTER]) - -
and FRAMET'UN 'l'OOLS", #NO#= ([LAST FINISH] + [SU COUNTER]) ,

$lJNIT_TYPE$:= [NRS_SU_NAME] ) _- -

(~""
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RULE NUMBER: 354
IF:

IS the [[NRS_NAME]] a unit or a system? "'''Unit''''''

THEN:

o

FRAME("UN_LABOR", #NO#= ([LAST_FINISH] + [SU_COUNTER]) ,
#RS# : = ERS NUM])

and FRAME("UN LABOR", #NO#= ([LAST FINISH] + [SU COUNTER]) ,
#UNIT#:=[NRS UNIT COUNTER]) - -

and FRAME ("UN LABOR", -#NO#= ([LAST FI:tHSH] + [SU COUNTER]),
$UNIT NAME$:= [NR.S NAME]) - -

and FRAMET'UN LABOR", -#NO#= «(LAST FINISH] + [SU COUl\l"rER]) ,
#UNIT NOH:= [SU COUNTER]) - -

and FRAMET'UN LABOR", #NO#= ([LAST FINISH] + [SU COUNTER]) ,
$UNIT_TYPE$:= [NRS_SU_NAME] ) - -

RULE NU}ffiER: 355
IF:



:[s the [[NRS__NAME]] a unit or a systeln? ""'Unit""

THEN:
FRAME("UN COSTS", #NO#= ([LAST_FINISH] + [SU_COtJNIrER]) t

#RS#:=[RS NUM]) _
and FRAME('',(IN COSTS", #NO#=-( •.rJASTFINISH] + [SU COUNTER]) ,

#UN!T# : = [NRS UNIT COUNTER)
and FRAME(lilIN COSTSii, -#NO#= ([LAST FINISH] + [SU COUNTER]) I

$UNIT NAME$:= [NRS NAME]) - -
and FRAME1"UN COSTS", -#NO#= ([LAST FINISH) + [SU COUNTER]) I

#UNIT NO#:=[SU COUNTER]) _ -
and FRAME1'fUN COSTTI"I #NO#= ([LAST FINISH] + [SU COUNTER]) I

$UNIT_TYPE$:=[NRG_SU_NAME]) _ _

RULE NUMBER: 356
IF:

Is the [[NRS_NAME]] a unit or a system? ""Unit""

THEN:
FRAME ("MD EUINF" I

$NOME$:=[NRS_BB_NAME])
#MD#=([MOD_NUM]+[BB_COUNTER]),

'\ RULE NUMBER: 357
IF:

[NRS_SU_MOD_DATA]>0

THEN:
[X] IS GIVEN THE VALUE ([MOD NUM}+[BB COUNTER])

and F RAM E ( " U N MOD" -- # N 0 # = [ c ] ,
#MODULES.[[X]]#:=[NRS_SU_MOD_DATAJ)

RULE !ru.MBER: 358
IF:

[TL1]="new"

THEN:
[TL1] IS GIVEN THl:!:VALUE ""

RULE NUMBER~ 359
IF:

[TL2 J=;'ne~<l"

THEN:
[TL2] IS GIVEN THE VALUE ""

RULE NUMBER: 360
IF:

()
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[TL3]="new"

THEN:
[TL3] IS GIVEN THE VALUE III',----------------------------------------

RUT.JENUMBER: 361
IF:

[TL4] = IInew II

THEN:
[TL4] IS GIVEN THE VALUE ""

o RULE NUMBER: 362
IF:

[TL5] ="nm'l"

THEN:
[TL5] IS GIVEN THE VALUE ""

o
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RULE NUMBER: 363
IF: [TL6]="new II

THEN:
[TL6] IS GIVEN THE VALUE ""

RULE NUMBER: 364IF: [TL7)="new"
THEN: [TL7) IS GIVEN THE VALUE '"'
RULE NUMBER: 365
IF: [TL8]="new"
THEN:

[TL8] IS GIVEN THE VALUE ""
RULE NUMBER: 366IF: [TI.,9]="new"
THEN:

[TL9) IS GIVEN THE VALUE ""
RULE NUMBER: 367
IF: [TL10]="new"
THEN:

[TL10J IS GIVEN THE VALUE ""
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RULE NUMBER: 368IF: (TL1]<>"x"and [lrL2]<>"x"
and [TL3]<>"x"and [TL4]<>"x"
and [TL5]<>"x"
and [TIJ6]<>"x"and [TL7]<>"x"
and (TL8]<>"x"
and [TL9)<>"x"
and [TL10]<>"X"and [NRS_ADD_TOOL]="Y"

THEN:

I

NRS Tool is to be added
ELSE: NRS Tool is not to be added
RULE ~nlliffiER:369
IF:

NRS Tool is to be added
THEN:

NRS Tool has been added
and [TOOT.JNOM] IS GIVEN THE VALUE ([TOOL NUM] +1)and FRAME-r'NUMBERS.FRM", $ITEM$= "Tools II , -#NUM# := [TOOL NUM])
and FRAME ("TL_EUINFIU

, #TL#= ['I'OOL_NUM],$NOME$:= [NRS_£·JEW:TOOL])
and FRAME("SUPPLIER", #NO#= (TOOL NUM] ,



$TL_NAME$:=[NRS_NEW_TOOL])---~----------------------------------~-RULE NUMBER" 370
IF:

THEN:
[EQ1]="new"

----------------------------------------[EQ1] IS GIVEN THE VALUE ""
RULE NUMBER: 371
IE':

THEN:
----------~-----------------~-----------[EQ2] IS GIVEN THE VALUE I'"

[EQ2]="new"

RULE NUMBER: 372
IF:

THEN:
[EQ3]=Hnew"

----------------------------------------[EQ3] IS GIVEN THE VAIJUE ""
RULE NUMBER: 373
IF:

THEN:
~---------------------------------------[EQ4] IS GIVEN THE VAl:"UE""

[EQ4]="new"

RULE NUMBER: 37~
IF:

THEN:
[EQS]="new"

------------.---------------------------[EQS] IS GIVEN THE VAJ:"UE""
RULE ~rnER: 375
IF:

THEN:
[EQ6]="new"

---------------------------------.-------[EQ6] IS GIVEN THE VA:LUE ""
RULE NUMBER: 376
IF:

THEN:
----------------------------------------[EQ7] IS GIVEN THE VALUE ""
RULE NUMBER: 377
IF:

and
and
and
and
andand
ando

lJ THEN:

ELSE:

[EQ7]="new"

[EQ1]<>"x"[EQ2]<>"x"[EQ3]<>"x"
[EQ4]<>"x"
[EQS]<>"x"[EQ6]<>"xl!
[EQ7J<>"x"[NRS_ADD_EQUIP]:::lIy"

NRS Eq'l.lipmentis to be added



NRS E~'Uipment I.s not to be added
RULE NUMB)<'-;(:37S
IF:

~~S Equipment is to be added
THEN: NRS Equipment has been addedand [EQUIP NUM] IS GIVEN THE VALUEand FRAME (UNliMBERS. PRM" ,
#Nt\M#:=[EQUIP NUM])and -FRAME("EQ EUINF",
$NOME$:=[NRS NEW EQUIP])and - F irAM E (" SU l?P LIE R " ,$EQU_NAME$ := [NRS_NEW_E~QUIPJ )
RULE NUMBER: 379
IF: [MT1]="new"
irHEN:

[M'l'1]IS GIVEN THE VALUE ""
RULE NUMBER: 380IF: [MT2]="new"
THEN: (MT2] IS GIVEN THE VALUE "n

I
I

~

RULE NUMBER: 381
IF: [MT3j="new"
THEN:

(MT3J IS GIVEN THE VALUE ""
RULE NUMBER: 382IF: [MT4]="new"
THEN: [M'l'4]IS GIVEN THE VALUE ""
RULE NUMBER: 383
IF: [Wr5]="new"
THEN: [M'r5]IS GIVEN THE VALUE 1111

RULE ~UMBER: 384
[MT6]="new"

TH!!:N:
[MT6] IS GIVEN THE VALUE ""

RULE NUMBER: 385
1:8' :o [MT7]="new",

U THEN:
[MT7] IS GIilEN THE VALUE ""

«(EQUIP NUM] +1 )$ITEM$="Equipment" ,
#EQ#=[EQUIP NUM]
#NO#=[EQUIP NUM],



RULE NUMBER: 386
IF:

THEN:
[MT8]="new"

[MT8] IS GIVEN THE VALUE If"

RULE NUMBER: 387
IF:

THEN:
(MT9]="new"

[M'I'9]IS GIVEN THE VALUE ""
RULE NUMBER: 388IF:

THEN:
[MT10] = IInew"

[MT10] IS GIVEN THE VALUE ""
RULE NUMBER: 389'""\ IF:

THEN:
[MT11J ="new"

----------------------------------------[MT11] IS GIVEN THE VALUE ""
RULE NUMBER: 390
IF:

THEN:
[MT12)="new"

----------------------------------------[MT12) IS GIVEN THE VALUE "'"
RULE NUMBER: 391IF:

THEN:
[MT13].:"new"

[MT13] IS GIVEN THE VALUE 1111

RULE NUMBER: 392
IF:

THEN:
[Wr14)="new"

[MT14] IS GIVEN THE VALUE ""
RULE NUMBER: 393
IF:

THEN:
[MT15]="new"

[MT15] IS GIVEN THE VALUE 1111

RULE NUMBER: 394
IF: [MT1]<>ilx"

and [MT2]<>"X"and [MT3]<>"x"
and [MT4]<>"x"
and [MT5]<>"x"
Clnd [MT6]<>":x."
and [MT7]<>"x"
and [MT8]<>"Xll



and [MT9J<>"x"and [MT10]<>"x"
and [MT11J<>"x"and [MT12]<>"x"
and [MT13]<>"x"and [MT14]<>"x"
and [MT15]<>"x"and [NRS_ADD_MAT] ="y"

THEN:
NRS Material is to be added

ELSE:
NRS Material is not to be added

RULE: NUMBER: 395
IF:

NRS Material is to be added
THEN:

NRS Material has been added
and [MAT NOM] IS GIVEN THE VALUE ([MAT MUM] +1 )
and FRAMEl'''NUMBERS.FRM",$ITFM$="Material,s", #NUM#:=[MAT_NOM])
and FRAME ("MT EUINF", #M!r#::::.[MAT NOM], $NOME$::;~[NRS NEW MAT])
and :E'RAME ("M,): EUINF", #MT#= [MAT NUM] I

$UN:r:T$:::::.[NRS NEW MAT UNITS:I)
<;\ n d - FR A ME ( II S t1P P LIE R " , # N 0 # = ( MAT ~ N U M) ,$MA'r_NAME$:=(NRS_NEW_MAT))

RUL:f!:NUMBER: 396
[LB1]="new"IF:

THEN': [LB1] IS GIVEN THE VALUE "11

RULE N"UMBER: 397IF:
[LB2]="new"

THEN:
[LB2] IS GIVEN THE VALUE ""

RULE NUMBER: 398
IF:

[LB3]="new"
(~~tl
1 (]I ,

THEN:
[LB3] IS GIVEN THE VALUE ""

[LB4]="new"
RULE NUMBER: 399
IF~

THEN:
[LB4] IS GIVEN THE VALUE ""

RUl,E NUMBER: 400
IF:

[LB5]="new"
THEN:

[LB5] IS GIVEN THE VALUE ""



RULE NUMBER: 401
IF: [LB6]="new"
THEN: [LB6] IS GIVEN THE VALUE "II

RULE NUMBER: 402
IF: [LB7]="new"
THEN:

[LB7] IS GIVEN THE VALUE ""
RULE NUMBER: 403IF: [LB8J="new"
THEN: [LB8] IS GIVEN THE VALUE ""

I
I
f
I

I

RULE NUMBER: 404IF: [LB1]<>"x"and [LB2]<>"xll
and [LB3J<>"xDi
and [LB4]<>"x"and (LH5]<>"x"
and [LB6J<>"x"and [LB7]<>"x"and (LB8]<>"x"and [NRS_ADD_LAB]="Y"

THEN: NR~;Labour is to be added
ELSE: NRS Labour is not to be added
RULE NUMBER: 405IF: NRS Labour is to be added
THEN: NRS Labour has been addedand [LAB NUM] IS GIVEN THE VALUE ([LAB NUM] +1)and FR.AME("NUMBERS.:E'RM"I $ITEM$="Labour", #NUM#:=[LAB NUM])and FRAME ("LB EUINF", #LB#= [LAB NUM], $NOME$: = [NRS NEW-LAB])and F-RAM E (" SUP P L I ER" , # N 0 # = [LAB N UM ]
$LAB_NAME$:= [NRS_NEW_LAB] ) -
RULE N1JMB1~R:406
IF:

lJ

Is the [[NRS NAME]] a unit or a system? AAUnitAA
and Is/are aTany [[EQUIP NAME] 1 / s required for the[[NRS stJ NAAM]]? Yes -
and- [M~SEQUIP NO DATAJ>Oand [W~S-EQUIP-HOURS DATA]>O
and [NRS:EQUIP:DAY_DATA]>0

THEN:,; CD

FRAME!("UN_EQUIP", #NO#= [C],#EQUIPMENT. [[COUNTER] ]•H# := [NRS EQUIP HOURS DATA])and FRAME ("UN EQUIP" t #NO#= [C], -
#EQUIPMENT. [[COUNTER] ]•D#:= [NRS EQUIP DAY DATA])and FRAME (''{IN_EQUIP'', #NO#=[C], _ _-



#EQUIPMENT.[[COUNTER]].N#:=(NRS EQUIP NO DATA])
and [COUNTER] IS GIVEN THE VALUE ([~OUNTER]+T)

RULE NUMBER: 407
IF:

Is the [[NRS NAME]] a unit or a system? AAUnitAA
and Is/are aTany [[EQUIP_NAME]] /s required for the

[ [NRS_SD_NAAM]J? No

THEN:
[COUNTER] IS GIVEN THE VALUE ([COUN'I'ER] +1 )

RULE NUMBER: 408
IF:

IS the [[NRS NAME]] a unit or a system? AAUnitAA
and Is/are aTany ([EQUIP NAME]] Is required for the

[[NRS SU NAAM]]? Yes _
and- [NRS_EQUIP_HOURS_DATAJ>O

THEN:
[NRS EQUIP Dll.Y DATA]

([NRS_EQDLP_HOURS_DATA]!B)
IS GIVEN THE VALUE

RULE NUMBER: 409
IF:

Is the [[NRS NAME]] a unit or a system? AASystemAA
and Is/ are aTany [[EQUIP NAME]] 7s required for the

[[NRS NAME]] if the
- [[NRS SYS MOD NAME]] are self-built? Yes

and [J:.."'RSEQUIP SB-NO] >0
and [NRS-EQUIP-SB-HOURS]>0
and [NRS:EQUIP:SB:DAY]>0

'I'HEN:
FRAME("SY EQUIP", #RS#=[RS NUM],
#EQUIPMENT. [ [COUNTER] ] S. H#: = [NRS EQUIP SE HOURS:I)

. and FRAME("SY EQUI:E''', #RS#=[RS NUM] ,-
#EQUIPMENT. [ [COUNTER] ] S. D#: = [NRS EQUIP SB DAY])

and FRAME("SY EQUI:E1", #RS#= [RS N1JM], - ---
#EQUIPMENT. r [COUNTER] ) S•N#: = [NRS_EQUIP_SB_NO] )

RULE NUMBER: 410
IF:

Is the [[NRS N2JIME]] a unit or a system? AASystem"A
and Is/are aTany [[EQUIP NAME]] Is required for the

[[NRS NAME]] if the -
- [[NRS SYS MOD NAME]] are purchased? Yes

and [NRS EQUIP PUR NO]>O
and [NRS-EQUIP-PUR--HOURS] >0
and [NRS=EQUIP-PUR==DAY]>0

THEN:
FRAME("SY EQUIP", #RS#= [RS NUN] /'
#EQUIF:MENT. [[COUNTER] ] B.H#:= [NRS EQUIP PUR HOURS])

and FRAME( "SY EQUIP" I #RS#= [RS NUM],-
#EQUIPNENT.((COUNTER]]B.D#:=[NRS F.QUIP PUR HOURS])

and F'RAME("SY EQUIP", #RS#= [RS NUM} ,-- - _
#EQUIPMENT.[[COUNTER]]B.N#:=[W~S_EQUIP_PUR_NO])

oj

U RULE NUJ.vIBER:411
IF:

Is the [[NRS NAME]] a unit or a system? AASystemAA
and Is/are aTany [[EQUIP NAME]] /s required for the

[[NRS NAME]] if the -
- [[NRS_SYS_MOD_NAME]] are self-built? Yes OR No

"'_ "If .. -



and Is/are a/any ([EQUIP_NAME]]/s required for the
[[NRS N1U4E]]if the

[[NRS_SYS_MOD_NAME]] are purchased? Yes OR No
THEN:

[COUNTER] IS GIVEN THE VALUE ([COUNTER]+1)
RULE NUMBER: 412
IF: Is the [[NRS NM~]] a unit or a system? AASystemAA

and Is/are aTany [[EQUIP_NAME]]/s required for the
[[NRS NAME]] if the

_ [[NRS SYS MOD NAME]] are self-built? Yes
and [NRS_EQUIP_..sBHOURS]>0

THEN:
[NRS EQUIP SB DAY]

([NRS_EQUIP_SB_HOURSf/8)-
IS GIVEN THE VALUE

RULE NUMBER: 413
IF: Is the [[NRS NAME]] a unit or a system? AhSystemAA

and Is/are aTal'l.Y [[EQUIP_NAME]]7s required for the
[[NRS NAME]] if the

_ [(NRS SYS MOD NAME]] are purchased? Yes
and (NRS_EQUIP_PuR_HOURSJ>O

THEN:
[NRS EQUIP PUR DAY]

([NRS_EQUIP_PUR_HOURS]/8,
IS GIVEN THE VALUE

RULE NU}ffiER:414
IF:

Is the [[NRS NAME]]
and Is/are a70ny

[[NRS SU NAAM]]? Yes
ana [NRS_MAT_NO_DATA]>0

THEN:

a unit ~r a system? A"Unit"A
[[MAT_NAME]]/s required for the

FRAME(IIUN MATER", #NO#=[C],
#MATERIAL.[[COUNTER]]#:=[NRS MAT NO DATA])

and [COUNTER] IS GIVEN THE VALUE-([COUNTER]+1)
RUllENUMBER: 415
IF:

Is the [[NRS NAME]] a unit or a system? ""Unit""
and Is/are a7any [[MA'I' NAME]] /b required for the

[[MRS_SU_NAAM]]? No
THEN =

s •

[COUNTER] IS GIVEN THE VALUE ([COUNTER]+1)
RULE NUMBER: -1'1 6
IF:

Is the. [[NRS NAME]] a unit or a system? ""System""
and Is/are a7any [[MAT NAME]]/s required for the[[NRS NAME]] if the _

_ [[MRS SYS MOD NAME]] are self··built?Yes
and [NRS_MAT_'SB_N()]>0

THEN:
FRAME ("SY MATER", #RS#= [RS NOM] I

#MATERIAL~[[COUNTER]]S#:=[NRS_MAT_SB_NO])
RULE NUMBER: 417
IF:



Is the [[NRS NAME]] a unit or a system? "ASystemA
"

and Is/are aJany [[MAT NAME]] /s required for the
([NRS NAME]] if the _

- [[NRS SYS MOD NAME]] are purchased? Yes
and [NRS_MAT_PUR_NOJ>0

THEN:
FRAME ( "SY MATER" I #RS#= [RS NOM] I

#MATERIAL:-[[COUNTER]]B#:=[NRS_MAT_PUR_NO])
RULE NUMBER: 418
IF:

Is the [[NRS NAME]] a unit or a system? ""System""
and Is/are a?any [[MAT_NAME]]/s required for the

[(NRS NAME]] if the_ [[NRS SYS MOD NAME]] are self-built? Yes OR No
and Is/are _ aTany [[MAT_NAME]]/s required for the

[[NRS NAME]] if the
- [[NRS_SYS_MOD_NAME]] are purchased? Yes OR No

THEN:
[COUNTER] IS GIVEN THE VALUE ([COUNTER]+1)

RULE NUMBER: 419
IF:

Is the [[NRS NAME]] a unit or a system? ""Unit""
and Is/are a7any [[TOOL NAME]]/s required for the

[[NRS SU NAAMJ]? Yes -
and- [NRS TOOL NO DATA]>O
and [NRS-TOOL-HOURS DATA]>O
and [NRS:TOOL-DAY_DATA]>0

lJ.·HEN:
FRAME ("UN TOOLS" I #NO#= [C] I

#TOOLS. [[COUNTER]] .H#:==[NRSTOOL HOURS DATA])
and F RAM E ( " U N T-O 0 L-S II I - # N 0 # ==[ C] I

#TOOLS.[[COUNTER]] .D#:=[NRS TOOL DAY DATA])
and F RAM E ( II-UN 'r 0 (> L S II I # N 0 # ==[C] I

#TOOJ..JS.[[COUNTER]].N# :== [NRS TOOL NO DATA])
and (COUNTER] IS GIVEN THE VALUE-([COUNTER]+1)

RULE NUMBER: 420
IF:

[NRS TOOL DAY DATA]
([NR3_TOOL_HOURS_DATA]/~

IS GIVEN THE VALUE

Is the [[MRS NAME]] a unit or a system? ""Unit""
and Is/are a7any [[TOO.w_NAME]]Is required for the

[[NRS_SU_NAAM]]? No
THEN:

[COUNTER] IS GIVEN THE VALUE ([COUNTER]+1)
RULE NUMBER: 421
IF:

Is the [[NRS NAME]] a unit or a system? ""Unit""
and Islare a7any [[TOOL NAME]] Is required for the[[NRS SU NAAM] J? Yes _
and- [NRS_TCOL_HOURS_DATA]>O

THEN:

-



RULE NUMBER: 422
IF:

Is tr ' [[NRS NAME]] a unit or a system? """System""
and Is/are a7any [[TOOL NAME]] /s required for the

[[NRS NAME]J if the -
- [(NRS SYS MOD NAME]] are self-built? Yes

and. [NRS TOOI~-SB NO1>0
and [NRS-TOOL-SB-HOURS]>0
and [NRS:::rOOL:SB_DAY] >0

THEN:
FRAME("SY TOOLS", #RS#= [RS NUM] I
#TOOLS.[[COUNTER]]S.H#:=[NRS TOOL SB HOURS])

and FRAME ("SY TOOLS" I #RS#= [RS NUM], - -
#TOOLS.[[COUNTER]]S.D#:=[NRS TOOL SB DAY])

and FRAME( "SY TOOLS", #RS#= [RS NDM], - -
#TOOLS.[[COUNTER]]S.N#:=[NRS_TOOL_SB_NO])

RULE tfUMBER: 423
IF:

Is the [[NRS NAME]] a unit or a system? ""System""
and Is/are a7any [[TOOL NAME]] /s required for the

[[NRS NAME]] if the -
- ([NaS SYS MOD NAlv'"f]] are purchased? Yes

and [NaS TOOL-PUR-N( r >0
and [NRS-TOOL-PUR-HOURS]>0
and [~~S=TOOL=PUR=DAY]>O

THEN:

I

U
[NRS TOOL SB DAY]

([NRS_TOO~SB~HOURSJ78)-
IS GIVEN THE VALUE

FRAME("SY TOOLS", #RS#= [RS NUM] ,
#TOOLS. [ [COUNTER]] B. H# := [NRS TOOL PUR .. (mRS] )

and FRAME ("SY TOOLS", #RS#= [RS NU'M] I - -

#TOOLS.[[COUNTER]]B.D#:=[NRS TOOL PUR DAY])
and FRAME ("SY TOOLS", #RS#= [RS NUM] I - _

#TOOLS.[[COUNTER]]B.N#:=[NRS_TOOL_PUR_NO])

RULE l\lm1BER: 424
IF:

Is the [[NRS NAME]] a unit or a system? ""System""
and Is/are a7any [[TOOL NAME]] /s required for the

[[NRS NAME]] if the -
-_ [[NRS SYS MOD NAME]] are self-built? Yes OR No

and Is/are - a/any [[TOOL NAME]] /s required for the
[[NRS NAME]] if the -

.- [[NRS_SYS_MOD_NAME]] are purchased? Yes OR No

THEN:
[COUNTER.] IS GIVEN THE VALUE ([COUNTER] +1)

(>;~
1 o

I

RULE NUMBER: 425
IF:

Is the [(NRS NAME]] a unit or a system? ""System"'''
and Is/are a7any [[TOOL NAME]] /s required for the

[[NRS NAME}] if the -
- ([NRS SYS MOD NAME]] are self-built? Yes

and [NRS_TOOL_SB_HOURS]>0

THEN:

RULE NUMBER: 426
IF:

Is the [[NRS NAME]] a unit or a system? "'''System''J\
and Is/are a7any [[TOOL_NA.l.1E]] /s required for the

[ [NRB_NAME]] if the

•
(> "'



,til

[[NRS SYS MOD NAME]] are purchased? Yes
and [NRS_TOOL=PUR=HOURS]>0

THEN:
[NRS TOOL PUR DAY]

([NRS_TOOL_PuR_HOURS]/8)-
IS GIVEN THE VALUE

RULE NUMBER: 427
IF:

Is the [[~lRSNAME]] a unit or a system? AAUnitAA
and Are [[LAB NAME]] labourers required for the

[[NRS SU NAAMJ]? Yes -
and- [NRS LAB NO DATA]>O
and [NRS-LAB-HOURS DATA]>0
and (NRS=LAB-DAY_DATA]>0

TfrEN:
FRAME ("UN LABOR", #NO#= [C],
#LABOUR. [TCOUNTER]].H# := [NRS LAB HOURS DATA])

and F RAM E ( " U N L AB O-R " ,- # N 0 # = I: C ]
#LABOUR.[[COUNTER]].D#:=[NRS LAB DAY DATA])

and F RAM E ( " U N _-L ABO R " , # N 0 # = [ C] ,
#LABOUR.[[COUt~ER]]~N#:=[NRS LAB NO DATA])

and [COUNTER] IS GIVEN THE VALUE-([CO~TTER]+1)-----------------------------,----------RULE NUMBER: 428
IF:

Is the [[NRS NAME]) a unit or a system? AAUnitAA
and Are [[LAB NAME]] labourers required for the

[[NRS_SU_NAAM]]'? No _
THEN:

[COUNTER] IS GIVEN THE VALUE ([COUNTER]+1)
RULE NUMBER: 429
IF:

Is the [[NRS NAME]] a unit or a system? AAUnitAA
and Are [[LAB NAME]) labourers required for tr.o

[[NRS SU NP.AM]]?Yes -
and- [NRS_LAB_HOURS_DATA»O

THEN:
[NRS LAB DAY DATA]

([NRS_LAB_HOuRS_DATA]/8)
IS GIVEN THE VALUE

RULE ~0MBER: 430
IF:

Is the [[NRS NAME]] a unit or a system? AASystemAA
and Are [[LAB NAME]] labourers required for th~ [[NRS_NAME]]

if the -

0'

and
and
and

THEN:

[[NRS SYS :MODNAME]] are self_built? Yes
[NRS LAB SB NO]>0
[NRS-LAB-SB-HOURS]>0
[NRS=LAB=SB=DAY]>0

FRAME (IISY LABOR II, #RS#= [RS NUM] ,
#LABOUR.[TCOUNTER]]S.H#:=[NRS LAB SB HOURS])and FRAME ("SY LABOR", #RS#= [RS MUM], _ ._
#LABOUR.[TCOUNTER]]S.D#:=[NRS LAB SB DAY])

and FRAME ("SY LABOR" t #RS#= [RS NOM] t - -

#LABOUR.[TCOUNTER]]S.N#:=(NRS_LAB_SB_NO])
RULE NUMBER: 431
IF:

Is the [[NRS_NAME]] a unit or a system? AASystemAA

If" .........,.,,',...-.~"~ •.,,.. .... a: .;-
t • J 0 ,I

,.-1,11 _p -



and Are [[LAB NAME]] labourers required for the [[NRS_NAME]]if the -
[[NRS SYS MOD "lAME]] are purchased? Yes

and [NRS LAB PUR No] >0and [NRS-LAB-PUR-HOURS] >0
and [NRS-LAB=PUR_DAY]>0

THEN: FRAME (IISY LABOR", #RS#= [RS NUM] ,
#LABOUR. [TCOUNTER] J B.H# ::-.[MRS LAB PUR HOURS])and FRAME ("SY LABOR", #RS#= [RS NUM], - _
#LABOUR.[TCOUNTER]]B.D#:=[NRS LAB PUR DAY])and FRAME ( "SY LABOR II, #RS#= [RS ~lJM] I - _

#LABOUR. [TCOUNTER]]B.N#:= (MRS_LAB_PUR_NOJ )
RULE NUMBER: 432IF: Is the [[NRS NAME]] a unit or a system? AASystemAA

and Are [[LAB NAME]] labourers required for the [[NRS_NN~]]if the _
[[NRS SYS MOD NAME]] are self built? Yes OR Noand Are [TLAB ~NMfE]] labourers required for the [[NRS NAME]]if the - -
[[NRS_SYS_MOD_NAME]] are purchased? Yes OR No

[NRS_LAB_SB_DAYJ IS GIVEN 'I'HEVALUE ([NRS_LAB_SB_HOURSJ /8)

'rHEN: [COUNTER] IS GIVEN THE VAI,UE ([COUNTER]+1 )

RULE NUMBER: 433IF: Is the [[NRS NAME]] a unit or a system? AASystemAA
and Are [[LAB NAME]] labourers required for the [(NRS_NAME]]if the _

[[NRS SYS MOD NAME]] are self built? Yesand [NRS_LAB_SB_HOURS] >0
THEN:

RULE NUMBER: 434IF: Is the [[NRS NAME]] a unit or a system? AASystemAA
and Are [[LAB NAME]] labourers required for the [[HRS_NAME]]if the _

[[NRS SYS MOD NAME]] are purchased? Yes
and [NRS_LAB_PUR_HOURS] >0

THEN: [NRS LAB PUR DAY]([NRS_LAB_PUR_:::-HOURS)/8) -
IS G::LVEN THE VALUE

RULE ~J.MBER: 435IF:

o

Is the [[~~SNk~]] a unit or a system? AAUnitAA
and [NRS_BB_NO]>'0"

THEN: [MOD NOM] IS GIVEN THE VALUE ([MOD NUM] + [NRS BE NO])and _. FRAME ("NUMBERS.FRM", $ITF!M$:=:"Sun-Modules",
#NUM# := [MOD_NUM] )
RULE NUMBER: 436
IF: [NRS_CLIM_COUNTER]>=12
THEN:

ux



FRAME ("CLlMATE2", #NO#= [RS_NOM], $VALUE$: = [NRS_CLIM_SUIT] )

[COASTAL REG]="SE"and Is the slte of your home closer tban 15km from the coast
and [COASTAL] ="No"

RULE NUMBER: 437IF:

Extras are not metTHEN:

RULE NUMBER: 438
IF: [COASTAL REG]="M"and Is the slte of your home closer than 15km from the coast

and [COASTAL]="No"

[SY_TYPE1]=="S"

THEN: Extras are not met
RULE NUMBER: 439IF: [COASTAL REG]="W"and Is the slte of your home closer than 15km from the coast

and [COASTAL] ="No"
THEN: Extras are not met
ELSE: Extras are met
RULE NUMBER: 440IF:

THEN: [SY_TYPE] IS GIVEN THE VALUE "self-built"
ELSE: l[;:i_TYPE]IS GIVEN THE VALUE "purchased"
RULE :t:UMBER:441
IF:

o

[SY FINAL]="Yes"and [SY-TYPE] <>""
and [SYS_RESULTS] ="yll

THEN:
andandand
andandandand
and
and

System costing has been viewedFRAME("SY COSTS", #8' fi=[SYS], #INVEST#:=O)FRAME ("SY-COSTS", #SYS#=[SYS], $FINAL$:="No")
FRAME ("SY-COSTS" , #SYS#=[SYS], #FAC ROW] :=0)FRAME ("SY-COSTS" , #SYS#=~SYS], #MODUL#:=O)FRAME ("SY-COSTS" , #SYS#=[:SYS], #EQUIP#:=O)FRAME ("SY-COSTS", #SYS#=[SYS], #MATER#:=O)
FHAIvlE("SY-COSTS", #SYS#=[SYSJ, #TOOLS#:=O)FRAME ("SY-COSTS", #SYS#=[SYS], #LABOR#:=O)
FRl Jl.E (" SY=COSTS ", #SYS#= [SYS], #TOTAL# :=0 )

RULE NUMBER: 442
IF: [UN FINAL]="Yes"

and [UN=RESULTS]="y"
THEN:



'_\

UrLi..t costing has been viewed
and FRAME("UN COSTS", #NO#=[UN], #INVEST#:=O}
and E'RAME("UN"-COSTS", #NO#=[UN] f $FINll.L$:="Noll)
and FRAME ("UN-COSTS", #NC#=[UN] , #FAC ROW#:=O)
and FRAME ("UN-COSTS", #NO#= [UN], #MODUL#: ==(1)
and FRAME ("UN-COSTS" , #NO#=[UN] , #EQUJ:P#:=(I)
and FRAME ("UN-COSTS" I #NO#= [UN] I #M.ATER#: =()
and FRAME ("UN-COSTS II, #NO#= [UN], #TOOLS#: =0)
and FRAME ("UN-COSTS", flNO#= [UN} I' #LABOR#: =()
and FRAME ("UN=COSTS", #NO#= [UN], #TOT~~#: =0)

RULE NUMBER: 443
IF:

[CLEAN_SUP]>0

THEN:
FRAME (" SUPPLIl~RS" I #NO#= [X] I #MOD NEW. Y# : =0)

and FRAME ( "SU'''PLIgRS II I #NO#= [X] I #MOD-NEW. N# : =0 )

RULE NUMBER: 444
IF:

[MD1];::::"new"

THEN:
[MD1] IS GIVE:N THE VALUE II"

RULE NUMBER: 445
IF:

[MD2] = IInew"
THEN:

[MD2] IS GIV1i:N THE VALUE ""

RULE NUMBER: 446
IF:

(MD3]="new"

THEN:
[MD3] IS GIVEN THE VALUE ""

RULE Nt.i'MBER: 447
IF:

[MD4]="new"

THEN:
[MD4] IS GIVEN TIlE VALUE ''''

RULE NUMBER: 448
IF:

[M05] ="new"

THEN:
[MDS] IS GIVEN THE VAT....UE ""

RULE NUMBER: 449
IF:

[MD6]="new"

THEN:
[1>11)6] IS GIVEN THE VALUE ""

RULE NUMBER: 450
IF:

[MD7]="new"

THEN:

q • -



(MD7] IS GIVEN THE VALUE ""

RULE NUMBER: 451
IF: [MD8]="newlr
IJ.'HEN:

[MDB] I S GIVEN THE VALUE "'i
RULE NUMBER: 4:52
IF: [MD9]="new"
~rHEN:

[MD9] J:S GIVEN THE VALUE ""

:RULE NUMBER: <153IF: [MD10]="newll
THEN:

[MD10] IS GIVEN THE VALUE ""

RULE NUMBER: 454
IF: [MD11]="new"
THEN: [MD11] IS GIVEN THE VALUE IIif

RULE NUMBEr.: 455IF: [MD12]="new"
THEN: [MD12] IS GIVEN THE VALUE lin

RULE NUMBER: 456
IF: [MD13]::"newll
THEN:

(MD13] IS GIVEN TH:~ VAJ,TTE ''''

RULE NUMBER: 457IF: [MD14]="new"
THt..N: [MD14] IS GIVEN THE VALUE ""

o RULE NUMBER: 458
IF:

[MD15]="new"
'I'HEN:

[MD15] IS GIVEN THE VALUE ""

RULE NUMBER: 459
IF:

[MD16] ="new"
THEN:

[MD16] IS GIVEN THE VALUE ,'''

• ..... # 2 ]':3
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RULE NUMBER: 460IF~

THEN:
[MD17]=="new"

[MD17J IS GIVEN THE VALUE ""
!{ULE NUMBER: 461
IF:

THEN:
[MD18]=="new"

[MD18] IS GIVEN THE VJ..LUE""
RULE NUMBER: 462IF:

THEN:
[MD19]:::::"new"

[MD19] IS GIVEN THE VALUE 1111

RULE NUMBER: 463
IF:

THEN;
[MD20]="new"

[MD20] IS GIVEN THE VALUE II ..

RULE NUMBER: 164
IF:

THEN:
[RSN01]=="new"

[RSN01] IS GIV1%T THE VALUE .,,,
RULE NUMBER~ 465
Ill' :

THEN:
(RSN02]="new"

[RSN02] IS GIVEN THE VALUE 1111

RULE NUMBER: 466
IF:

THEN:

THEN:

[RSN03]:::::lInewli

[RSN03] IS GIVEN THE VALUE 1111

RULE NUMBER: 467
IF:

o [RSN04]="new II

[RSN04] IS GIVEN THE VALUE ""
RULE NUMBER: 468
IF:

THEN:
[RSN05]="new"

LRSN05] IS GIVEN THE VALUE ""

r.v.....;:;;.',iIIIF'''.~. ._ '.'.. .' ..... VI.\1:.) f~~).; .
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RULE: NUMBER: 469IF: [RSN06] ::.:;lInewll
THEN:

[RSN06] IS GIVEN THE VALUE ""
RULE NUMBER: 470
IF~

[RSN07J="new"
THEN:

[RSN07] IS G::LVENTHE VALUE ""
RULE NUMBER: 471IF: [RSN08]="new"
THEN: [RSN08] IS GIVEN THE VALUE till

RULE WJMBER: 472
IF: [RSN091="newH
THEN~ [RSN09] IS GIVEN THE VALUE ""
RULE NUMBER: 473IF: [RSNO 10]::::"new"
THEN: [RSN010] IS GIVEN THE VALUE ""
RULE NUMBER: 474
IF:' [CLEAN_SUP] >0
THEN:

FRAME ("1-10 EUINF" I #MD#= [X], #OWN#: =0)and FRAME (II:t-ID-EUINFII
I #MD#-= (X], #PURCH#:::::O)

and FRAME (":txlD:EUINF",#MD#:::: [X], #NO#:::::O)
RULE NUMBgR: 475
IF: rCI,EAN_SUP]>0
THEN:

e

andand
andand
and
and

F&'~ME("EQ EUINF", #EQ#-::::[X], #OWN# :=0)FRAi~-1E("EQ-EUINF" I #EQ#= [X], #PURCH#: =0)FRAME ("EQ-EUINF", #EQ#=[X], #RENT-D#:=O)
FRA1~ ("EQ=EUINF", #EQ#= [X], #RENT-H#: =0)FRAME ("EQ_EUINF" , #EQ#=[X] , #NO#:=O)
FRAl-1E("SUPPLIER", #NO#= (X], #EQU NEW. Y# :=0)
FRAl~ ("SUPPLIER" I #NO#= [X], #EQU=NEW. N# :=0)

o
"
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RULE NUMBER: 476IF:

THEN:
andandand
and

[CLl~AN_SUP]>0

FRA14E("MT_ EUINF", #MT#= [X] I #OWN# :=0 )FRA1.fE("MT EUINF" I #MT#= [X], #PURCH#: =0)FRA1~ ("MT-EUINF" I #M!r#=[X], #NO#: =0)
FRAME(" SUPPLIER" I #NO#= [X] I #MAT NEW. N# :=0 )FRAME ("SUPPLIER", #NO#=[X], #MAT:NEW.Y#:=O)

RULE NUMBE)R: 477
IF:

TH:!:N:
(CLEAN_SUP] >0

FRAME (!lTLEUINF", #'rL#=[X], #OWN#: =0)
and FRAME ("TL:EUINF", #TL#= [X], #Pt1RCH#:=0 )and FRAME("TL EUINF", #TL#=[X) , #RENT-D#:=O)and FRAME ("TL-EUINF", #TL#=[X] , #RENT-H#:=Oj
and FRAME ("TL-EUINF", #'rL#=[X]I #NO#: =0)
and FRAME ("SUPPLIER"j #NO#=[X], #TL NEW.Y#:=O)and l"RM.fEC'StJPPLIER",#NO#=[X] , #TL:NEW.N#:=O)

RULE NDMB:E.!R: 478IF:
[Cr...EAN_SUPJ>0

----------------------------------------

THEN:
and
andandandand

FR.l\ME ("LE EUINF" ,FruOO ("LB-EUINF"
FR1u.1E(11LB:EUINF":
FRAME ("r.B EUINF'"IFRAME (IfSUPPLIER" ,
FRAME ("SUPPLIER" ,

#LB#=[X] , #OWN#:=O)#LB#=[X] , #RENT-D#:=O)
#LB#=[X], #RENT-H#:=O)#LB#=[Xl, #NO#:=O)#NO#=[X] , #LAB NEW.Y#:=O)#NO#=[X] , #LAB-NEW.N#:=O)----------------------------------------RULE NUMBER: 479IF:

and
THEN:

Is there a limit on the allowable span? Yes[NRS_SPAN_ALIIOW]> [MAXISPAN]

!t'RAME ("NUMBERS. FRM" I#NUM#:~[NRS_SPAN_ALLOW]) $ITEM$="Max_span",
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