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1 SUMMARY

The objective of this project was to show how the procedures
and techniques of system design may be used to evolve a soft
system,

In this projeét a systems design procedure was applied to a
tyre drdering and despatch methed for a large manufacturing

organisation,
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5 INTRODUCT ION

A need for philosophical foundations has emerged in modern systems
engineering and although many concepts have been forthcoming in answer to this,
there is at present a definite absence of sound techniques or methodologies
which implement these ideas,

In ihis report there has been an attempt to evolve a technique or
procedure stemming from the systews engineering approach at Cranfield., This
procedure ensures a logical and systematic transition from ideal hypothetical
systems based on philosophies to actual practical applications.

The subject on which this projeét was based was a real life manufacw-
turing organisation, At preseht fhis Company manufactures 250 different types
of tyres and tubes, or approximately’200,000 items each year at its Gravesend
factory, although its sales are increasing by about 5% per annum in propor-
tion with the number of new vehicles on the ruvad,

20% of its. orders are received through its Maida Vale depot and the
remainder by way of another 11 depots throughout the U.K. The Company's Head
Office which, due to wartime strategy, is situated at Dorking, deals with the
100 or so large orders receivéd each yéar.

The time between a particﬁlar depot ordering goods from the factory and
despatch to the customer by van, British Railways or Road Services is within
3 or 4 days. (If the depot knows it cannot fulfil an order within 24 hours,
then that order is lost). Goods are sold only to motor trade representatives

and discounts are fixed according to the customer's past histery.
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6 A GENERAL DESCRIPTION OF SYSTEMS PROCEIDURE

A hoticeable trend in man's expanding environment is the growth of
large and complex systems which have become necessary in modern society. They
include such abstract systemé as government and economics and such large sééle
physical systems as transportation and communication. The growth of these
systems has brought aboutlthe need for a more 6verall view and long range
development of systems, The procedures used in planning and design of complex
systems are under constant review and attempts are made to evaluate their
efficiency. Thié can best be done on a multi~disciplinary basis because of |
the large number of factors affecting or affected by a complex system, How~
ever, it seems at the moment that expanding needs outstrip the application of
new knswledge, Oystems engineering is an attempt to remedy this situation
and make for a more efficient application c¢f knowledge to design procedure,

It questions the need of a piece of hardware so that deavelopment inconsistent
with overall systems goals is eliminated, It directs research into the type
and design of system required before development begins and mekes for
efficient use of resources,

Noteworthy features of»the systems engineering’bhilosophy are that
it treats man as an integral ?art‘of a system., It places great émphasis on
the objectives of the system and héw these are achieved rather than on‘
details of the mechanism involved in the system. It employs a synthetic
approach, logically buiiuing up a system from the definiticn of the objectives
and at the éame time catering for the characteristics of the components
involved whether human or hardWare, and does not seek to modify an existing

system,




In remedying deficiencies at the design stage, the systems approach
works through an ordered.routine from the specification ef the objécti?es,
dividing into sub~systems, allooéting function between human and physical
components, designing the cemmunication links between sub-systems and also
between man and machine (interface design), considering problems of produc-
tion and maintenance and finally evaluating the design. The philosophy used
is sufficiently flexible to apply to "scft" systems (cffice procedures) or
hard systems (domihated by machinery) ranging from one man/one>machine units

to complex systems involving many men and machines.

It was thought possible to meke a definitive statement, in the form
of a procedural layout, of such a philosophy. An attempt has been made to
crystalize this philosophy into secticns leading up to a manageable technique
with general application, It is believed that this is the first time such an
attempt has been made,

7 HE PROCEDURE OF SYSTEMS DESIGN OF THE ERGONOMICS SECTION, CRANFIELD
S

T
POSDEC

Posdec is a synthetic technlque which starts by gatharlng a nucleus of
ideas and gradually expandlng, at the same time a551m1?at1ng known facts of
the real WOTld. In this way any awkward +ran31t10ns between real and 1deal
situations are removed and the pro;ect aeverps untll it is ready to flt 1nto
the external system. |

By virtue of Posdec's éyﬂthétic naturé unwanied redundancy is removed,
since each inclusion is an attempf to satiéfy‘a.need which has arisen during
the expansion précess.: Also uéeful redundancy is highlighted and should £he

external environment of the operating system change, then the effects on
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need for such redundancy are readily reviewed, This contrasts with the
~analytical apéroach, in which it is so easy to retain functions to satisfy
immediate term requirements, which are themselves highly redundant or in-
effective,

1., Terms of Reference

In common with other methods the terms of reference and general policy
positions must be stipulated, Because of the "blossoming! nature of Posdecs
it is often of more use to define the problem and the boundaries, beyond which
Posdec may not operate in the particular instance,; rather than ask for a
Ustock~controle-system® or some other 'known" sclution, Posdec attempts to
solve the problem by satisfaction of basic needs rather than fcorcing a.solution
along preconceived lines, Thus there is no troublé, fur example, in‘designing
a working schedule to solve a problem which appeared to be a stock control

problem or vice versa,

2. Allocation of Functions

The systems objectives, which are those necessary to satisfy the prob=-
lem are represented in a onebloc diagram. This is a single~block diagram, |
with all the inputs and outputs represented on it., No attempt 15 made to
assess or determine the function inside the block which absorbs such inputs
and produces such outputs. |

Once each and every peripheral connection is listed on the onebloc
diagram the necessary functions are entered inside the blozk, No attempt is
made to organise, to order or to connect these functions ét this time. Each
function is now defined, without regard to the present problem. This will
reveal if any function has been incorrectly includeds or if a function is, in

fact, “wo related functions, a good example is STORE and DESPATCH.
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Using these definitions, the functions are expanded into individual
ongblocs, Any output must be a result oflinput of information or goods and
the outputs of each onebloc must be justified in this manner, At this stage
the need, the solution and the functidns necessary to achieve this solution

are defined in a series of oneblocs,

3. Construction of multi~blcck diagram

The functions speéified in 2 are combined aid connected together to
give a multi~block definition of wha® goes on inside the onebloc. Note
there are nc geographical iimitations of any kind in the question at this time.
This is an iterative process,

The first connections made are between on~line functions to represent
the movement of goods., This is becauée, in almost every concelvable case,
movement of goods involves mofe effort than communication and control movements,
Thus, the more expensive movements are defined first and any compromise nece~
essary will affect the more easily transportable components of the system, It
will now be clear that a trigger is necessary tu start the goods moving
(possibly with several other tfiggers duwn the line), this trigger connection
is then made. Other links wﬁichvdetermine the control are now made and the
control trigge:s need to be cohsidered; Tﬁls is usually in the form of feed-
back and the necessary‘feedback iobpé should be checked, This multi~block
diagram should be now compared with the onebloc diagrams with especial regard
to inputeoutputs. If the inputé énd oﬁtputs of the multi~block do not corresm
pond with inputs and outputs of.the onebldcs, fhen the definition of the one-
bloc is reviewed; if this is $till“valid, then the multi~block is corrected.
If there are more connections the redundancy can be readily traced and its
worth assessed., As was indicated prévioﬁsly, this is an iterative process

and much labour is avoided if each iteration is drawn in a similar form.
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This facilitates checking alterations by allowing the pattern recognition
facilities of the Posdec operator to be used, Finally, a Dry Run Verification
is carried out, starting frum the "custcmers" end (or unsatisfied reed end),
to see if the synthesised system will satisfy such a need,

4, Distribution of Responsibility for Function

At this stage it cannot be stressed too stronglys functions, such as
have been described so far, have nv connection with gecgraphy., Thus, every
geographical component of a system may perform part or all of every or any
function, This is made clear in the construction of the Geofunction Matrix.
Function as defined in 2 is charted along the x axis and geographical com=
ponent along the vertical axis. (This it the procedure if the system is to be
fitted into an existing parent system. If the parent uystem is also in the
design stage then ideal geographical components may be formally defined as to
perform the required functions most efficiently)., If the guographic component
should contribute to any function the position is indicated., This indicates
what functions a component is limited to ccntributing toe Thié matrix enabled
isofuncticnal lines to be superimposed on the multi~block diagram,

5. Interfaces | |

| It is a further characteristic of Pos&ec that these isofunctional lines
cross communication paths and in doing soy; specify thevinférmation requirements
for each interface. With the origin, destination and inf@rﬁafion content so
neatly défined it isvlargely a matier éf form design in censtruction of these
interfaces,
6., Procedure

A disacdvantage Posdec shares with all other procedures is thé lack of
dynamic representation. This is overcome by constructing a Procedure Chart.

The purpose of this chart is not to provide a working handbook for the system,
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indeed it would be a mistake to write procedure manuals before the system is
accepted, but to link the operations and movements within the system in a
chronological and dependent manner., Asme symbols are a useful technique to
employ,; but construction of simo characteristics is to be avoided, Instead
the manner of flow diagram, namely a main process with loops and sub-routines,
which has been universally accepted by systems analysts and digital computer

~ programmers as providing the most comprehensive grasp of the system is used,

8 _ APPLICATION OF PROCEDURE TO THZ TYRE PROJECT

a) Definition of Objectives

‘The project was introduced with a general statement of the broblem.
The objective of the project was defined thus :
To design an ordering system for the Henley T?re Cumpany from the
time the customer’s ordér is received until payment is made. The project was
to be concerned with normal orders from the Maida Vale depot onlys it would
not take into account large orders which are normally handled by thé Head
Office. |
The objeétives of the system may be specified in a onebloc diagram,
(see Fig.l) showing the flow of goods and information into and out of tge system,

b) Allocation of Function

With the system objecfives éé:defined, itvwas possible to specify the
functions necessary to achieve them, These again wereiéu@marised in a block
diagram (see Fig,2), | |

The necessary functions were derined as 3w

a) Manufacturing - to be responsible for producing géods according
to instructions from scheduling, at minimum cost.

b) Scheduling - to be responsible for comordination of goods in manue
facture, goods in store, orders received and sales forecasting,



c) Stores - responsible for reducing lead time to customer and
enabling economic batch production.

d) Accounts - responsible for invoicing, receipt of payment and
maintaining customer records, .

e) Despatch -~ to organise the transference of goods from stores
to customers,

¢) Operational Procedure

The function oneblocs of the System Diagram (see Fig.2) were expanded,
each having its inputs and outputs added (see Fig.3). The Functional Diagram
was synthesised from these sub~-systems hy joining the corresponding inputs
and outputs as describeds (see 7.3).

d) Distribution of Functions

With the ideal system synthesised entirely from the original Definition
of Objectivess it was tailored to the constraints of the existing system,
There are three geographical components to consider; Head Office at Dorking,
the Factory at Gravesend; and the Depot at Maida Vale, The five Functions
defined had to be distributed between thece three sections in the most
efficient manner. The approach to this problem was to tentatively aistribute
each function to each geographical component, and then to discard those con-

sidered unnecessary, The Distribution of Functions was thus finalised as 1

Manufacturing  Scheduling Accounts Stores | bespatch
Factory N4 | J
Office | J
Depot \/ \/ J \/

Having distributed thé functions, it was possible to superimpose the
geographicallconstraints on to the diagram of the ideal system (see Fig‘4).

This created the Interfaces which had to be designed.




e) Interface Desion

The interfaces implied in fig.4 were then designed., The first inter~-
faée considered wés}the one between the customer and the accounts function at
the depot -~ occurring when the customer originates an order, It was decided
that the information transferred across this interface should consist of the
customer's name and address, the type and quantity of tyres needed, and the
date when the customer wanted delivery, Any extra information would be super-
fluous, At this podint, it was noted that there was a subsidiary condition on
this interface, namely that the majority of orders were placed by telephone,
and the finalised procedure would have to take account of thisvfact-

The interface that occurred next was an internal one, where the custom-
er's order was verified against his credit—worthinessa The information required
here was & statement of the customer's cwrrent credit-worthiness, and the cash
value of the present order, GSubsidiary conditions on this interface were that
the statement of a customer's credit-worthiness should he easily updated, and
that a negative result would be acted on.

The next interface considered was also internal to the depot, between
the accounts and scheduling fqnctions, checking that the goods needed were in
fact héld at thé depots The information needed here was a statement of the
customer's needs, and of the goods held at the depot. Subsidiary conditions
on this interface were that the depot stock records should be updated fapidly,
and that immediate action should be taken if the goods were not in stock.

Following the system diagram, the next interfacing that occurred was
between the depot functions of scheduling and stores, ﬁo'actually raise the
goods. The information needed here was the quantity of goodé involved, énd
also the date on which the goods were required. | |

Still following the path round the system diagram, the next logically
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occurring interface was between the stores and despatch functions. Here, in addi-
tion to information, i.e. the quantity ordered, and the customer's name and
addresé, the physical transfer of gouds was required,

The despatch function had two interfaces with the customer, firstly when
sending the goods tb the customer, and secondly receiving confirmation that goods
have.been delivered, For the first of these, the transfer of goods was necessary
and also verification of the goods ocdered, For the second, the necessary infurma-
tion was a confirmation that the customer had received the goods, For the first
interface, there was a subsidiary condition that it should be possible to verify
that all orders received had, in fact, been sent out; for the second interface,
the subsidiary condition was that it should be possible to verify that all goods
sent out had been received. In this connection, it was noted that rniost goods were
sent by van, but that an undesirable delay in returning the customer's verification
could occur if goods were sent by outside carrier.

The next interface that occurred was between the despatch function at the
depo£ and the accounts function at Head Office, where information from the depot
triggered the invoice to the customer. The necessary transfer of information here
was the customer's name and address, the cash value of the order, and the date of
delivefy. A subsidiary condition here was that the information should be pre-
processed as far as possible, to reduce wqu at Head Office.

Thevfinal.interfaces between Head Office and customer, i.e. presonting the
invéice and receiving‘payment, were comparutively simple, The Information required
by the customer was the amount due, the goods to which this amount relates, and the
date when payment is due., The information requirec by Head Office on receipt of

payment was the account to which the payment related.

£) Practigal Procedure v e,

Having decided on the necessary transfers of information at the variéué




- 14 -
interfaces, it was then a simple task to design a procedure that combined the
nesessary elements at each interface, the details of the system being tailored to
fit any subsidiary conditions, The recommended procedure that emerged was as
follows :

On receipt of the order, an oxder form is made out in duplicate; containing
the customer's name and address, the quantity of goods ordered and their type, the
required date of delivery, and the cash value of the order without discount, The
customer's credit is now verified from a card file, one card being allocated to
each customer, If the customer has exceeded his credit, he is informed of this
and the order destroyed, If not, the value ¢f the order is entered on the card,
and cast up to give a running total of credit extended to the customer., Also
entered on the card are the quantity and type of gocds urdered, and the required
date of delivery. The order is then checked against a record of the depot stock,
to ensure that the order is available., The stock record takes the form of indiv-
idual entry and difference cards, updated as each urder is received, If the order
is not in stock, the customer is informed of this, and a request telephoned through
to factory scheduling for the necessary goods. In this case, buth copies of the
order are retained in a special file, to await delivery of the goods to the depot,
If the goods are available in stock, both copies of the order are passed to the
stores function,

Both copies of the order are filed in stores accoxrding to the required date
of delivery, one file for each day, When required (probably as soon as the order
is received), stores pass the necessary qoods and both copies of the order to des~
patch, Daspatch passes the goods and one copy of the order to the delivery van.
The order form now acts as a delivery note, is signed by the customer on receipt of
the goods, and is returned to the depot, Where goods are taken by outside carriers, -

the carrier signs the delivery note as though he wzre the customer. The returned
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delivery notes are then checked against the copies retained in despatch, to
ensure that all goods sent out have been delivered, They are then checked
against the customer credit file, and the orders entered on the cards as dei-
ivered. This also acts as a check that all orders received have been sent out.
The order forms are finally destroyed,

At the end of the month, the custcmer credit cards are remqved from
the file (being replaced by new ones) and sent tu Head Office, When they
arrive, Head Office prepares and sends an invoice, On receipt of payment,
the cards are stamped "Paid" and stored for a year, then destroyed,

The above procedure can also cope with interdepot transfers, if the
receiving depot is treated aé a customer in the normal way. Depots recéiving
goods would treat them exactly as if they had come straight from the factory,
(This procedure was not dealt with specifically, since it was outside the
uriginal terms of reference),

This completed the functions of the system within the terms of refer-
ence given. Some consideration was given to the interfaces arising from inter-
actions with other parts of the complete system, chiefly those of the schedul~
ing functions, It had already been decided that all scheduling decisions
should be delegated to thé central function at the factory (see "Allocation of
Function" above), Therefore, the necessary information transfer between the
depot and factory scheduling functions was simply a record of stock held in

the depot.
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9 SUMMARY OF “STANDARD WORK STUDY SOLUTIONM

system,
1)
2)
3)

The usual work study techniques were employed to analyse and revise the

The present system was observed.
A procedure chart was drawn up from the observations.

The chart was systematically appraised tn find redundant activities.
This was done by considering the activities in groups, namely =~

The CONTROL Group, which includes orders (by post and telephone),

rough stock sheet, weekly stock taking sheet and the consolidated sheet.

The ORDERINC Group, which includes tyre traders register, 3 part order
form, and advice note,

The PRICING Group, which includes regisiered order book, price list,
daily sales order, bad accounts, Kardex and a memo.

The INVOICING Group, which includes the invoice itself, serial number
book, memo, invoice number check book, punched card, P.S. code book,
and an invoice batch summary.

The objectives of each group were identified and activities were

“tailored" to improve efficiency, the decisions (of what to include and what not

to include) being taken on the basis of a critical examination, comparing purpose

and worth with cost.

4)

5)

A revised procedure chart was produced which enabled reappraisal of
the proposed method and necessary modification of proposals to be made,

Improvements'resulting from the final proposed method were demonstrated
using string diagram techniques wn a Sales Order Procedure Map,

Following are some of the comments in the final report issued by the

work study consultants which illustrate the above techniques employed and point

to details of their solution 3=

Although the charting procedure does not show inefficiencies, it was

discerned that of the 137 activities involved in the present system only some

25 really contribute to the procedure,



CONTROL GRQUP

1)

2)

3)

ORDERING

It was noted that 80% of orders received were made by telephone and that
a telephone order pad was used., It was considered inadvisable to change
this procedure,

A simple Rotodex file was inserted instead of using a rough stock sheet
to check availability of stock on receipt of an order,

A stock taking sheest at the Head Office was eliminated because the
information contained on it was available on punch cards at the factory.
A consolidated stock sheet containing information of all dépots raised
hy punch card replaced it,

GROUP

1)

The work study consultants decided that as the details concernlngithe

customer were constant some means éf reproducing the information was
desirable and so they introduced a metal plate system (ADREMA) for
duplicating information at the order raising stuge. This was feasible
as there were only three different discount rates for all customers at
any one depot and prices in the industry are reasonably stable.

The Advice Note was eliminated, a tear off strip on one of the order
forms being used instead,

The sales Orcer Procedure Map - String Diagram technicue was employed

to demonstrate that unnecessary duplication had been eliminated as far as poss—

ible in this ordering group.

PRICING GROUP

Pricing was considered to be a task involving a large amount of res~

ponsibility and so to lighten the burden it was decided to introduce metal plates

with the

Power Samas coding number on the metal plate used for each customer.
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1) It was found necessary to locate bad accounts at the depot stage in order
to control the distribution of tyres to unsuitable customers.
2) The Registered Order Book had twe functions in the existing system:

a) To give an order number.
b) To obtain a daily sales figure.

a) is unnecessary because the order can be identified by its original
order number and b) is also redundant because a daily sales order figure is
obtainable via an invoice batch summary which could be circulated daily. The
Registered Order Book was eliminated,

INVOICING GROUP

Attempts were made in this group to reduce goods despatch to invoice
despatch lag so that discount payment terms might apply. In order to accomplish

this, it was found necessary to raise the invoice at the depot.,

10 APPRAISAL OF SYSTEMS PROCEDURE

The work study approach is based on thé analysis of the exisﬁing system
whereas the Systems approach is one of synthesis of the logically ideal system.
This dissimilarity in philosophy results in the following differences
in procedure - | ‘
1) a) lWork study starts with the existing system.
b) The Systems approach starts by defining the systems objectives,
The advantage of using work study lies in fhe fact‘that it ensures that
nothing is omitted since tlie current system presumébly functions. On
the other hand, the Systems approach ensures that théxe is nd bias
towards a solution in terms of the present system,
If any relevant practical details are omittedvduring the work study
recording stage, a false solution is‘liable to be reached, Although

work study is unlikely to include unnecessary operations, there is a
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tendency to accept implicitly that the existing structure has the correct
general form whereas with the Systems approach there is a danger of
omitting necessary operations.

2) The work study approach utilizes experience and infﬁition in analyéing
the existing sub-routines. Systems procedure uses a logical method of
synthesis, In other words, the Iormer approach is dependent on the ex-
perience of the investigator whereas the latter depends more on the
operator's training.

3) A disadvantage of the Systems approach is that the synthesised ideal
system must be tailored to effect a compromise with the resources of
the parsnt system, while the wnrk study solution does not have to pass
through this design stage since it is already dealing with the existing
system,

4) A measure of effectiveness can be found for both systems. The work
study solution can be assessed only in relation to the original system
performance. This gives no indication that this solution is, in fact,
optimal. The Systems approach by definition produces the optimum
solution which can be compared with both *he current and the best
practically realisable system.

5) Work study depends upon intimate knowledge of the practical situation,
whereas the Systems approach depends only on the knowledge of objectives
of the system and may be practised in isolation from the system up to
the implementation stage,

N.B. It might appear from this case study that there is a difference in the imp-

lementation level between the two methodologies., This is not, in fact, so, as

the implementation stage of the cystems design was omitted because of lack of time,



12 DURATION OF PROJECT

The project time consisted of nine formal sessionss each of two hours

duration and additional individual work as was required.
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