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Preface

The size of a company's inventory has always been of importance to management. To-day, in the face
of increasing competition and rapid technological change, the skill with which an inventory is managed
can have a far-reaching influence on both financial management and trading success. Traditional
methods of control of inventories are no longer adequate: they do not provide the information that
progressive management needs; moreover, their response to changes in management policy in the
face of changing conditions tends to be slow and uncertain. When managers themselves attempt to fill
this deficiency by close personal attention to the detail of stock control, the cost in management man
hours is high and, particularly in an environment of expansion, the strain on the organization may be
considerable.

In recognizing this vital need, I.C.T. has developed its SCAN System 1 for Inventory Management
using the 1900 series computers. The system provides an adaptive control technique which responds
automatically to changing patterns and levels of demand as they change. With the aid of the computer,
control of each item is reduced to routine.

SCAN is a re-order point control system which has its main application where demand cannot be known
in advance with any precision and where stock is replenished at intervals. It is, therefore, particularly
suited to the control of finished goods warehouse stocks, consumable stores and some classes of
maintenance spares.

Supporting the control system itself, inventory analysis routines enable the profile and content of an
inventory to be examined in detail if required. In addition, the analytical routines provide management
with a means of testing alternative operating policies, and the effect of each on stock levels, before
deciding between them. The routines then ensure the best possible performance from the control
system, which will seek to reduce inventory investment to 2 minimum consistent with the desired level
of customer service. '

The I.C.T. SCAN System 1 is fully described in this manual which includes details of supporting com-
puter programs and a discussion of the mathematical foundation of the techniques used.

This manual has been written with at least three classes of reader in mind. Busy managers and those
requiring only a general appreciation of adaptive inventory control and the I.C.T. SCAN System need
read only Chapters 1 and 2. Systems analysts, programmers, O & M practitioners and data pro-
cessing managers require a much more detailed understanding of sophisticated systems of management
control. This is provided by Chapters 3, 4 and 5, whilst operating instructions for running the
programs are given in Chapter 6.

Detailed study of the action of the control system is sometimes necessary for special investigation.
Moreover, such detailed study can be invaluable in obtaining an understanding of how the system will
work in practice. The basic routines described in Chapters 2 and 3 have, therefore, been supplemented
by a system simulation program which is described in Chapters 7, 8 and 9.

Appendix A, the mathematical foundation of the system, will obviously be of interest to operational
research workers but it has been written with a wider readership in mind and to this end considerable
explanatory comment is included. A bibliography is included for those wishing to make a deeper study
of the subject but, here again, a few titles of interest to the general reader are included.
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Chapter | Inventory Control

. INTRODUCTION 1.4

Unless supply can be matched exactly with demand at all times, stocks must be held. Such an exact
match is seldom possible except, perhaps, in large scale line production plants, and even here
external factors can, and do, destroy this equilibrium. The stock acts as a buffer which absorbs, or
is intended to absorb, fluctuations in the rate and incidence of both supply and demand.

If these fluctuations are absorbed, the stock is there when it is wanted and continuity of service is
maintained. If they are not absorbed, sales may be lost, production plans dislocated, or plant
immobilized for lack of an essential spare part: customer goodwill suffers, progress costs rise and
business opportunities may be lost. Inadequate stock always leads to reduced profits.

It is not enough to have adequate stocks of only some items. The need applies to every item in the
inventory.

If stocks are increased to avoid this danger, the extra inventory must be housed, insured and accounted
for, the extra financial investment must be serviced and extra provision must be made for wastage and
obsolescence.

Balancing these two sets of opposing costs is difficult enough, since it requires careful examination of

each and every item in the inventory. However, this is not the end of the problem because the solution,

as stated, assumes unlimited availability of funds. This is never true and in the life of a business there
are usually competing demands for the capital that is available. Moreover, once extra capital has been

invested in inventory it may be a long time before it can be recovered and, where product development
is rapid, the risk associated with this investment is likely to be high.

Too much stock and too little stock are both expensive luxuries that no business should afford. Too
often, both extremes are present in the same inventory. Too much stock of the slower moving items
(the items for which the demand is low and intermittent) gives rise to inflated inventory values, whilst
too little stock of the fast moving items (the items for which the demand is high and, perhaps, growing)
leads to frequent stock-outs (failures to meet demand). The situation is further aggravated when stocks
of associated items (normally used or sold together) become unbalanced.

INVENTORY MANAGEMENT AND THE COMPUTER 12
The principal objectives of inventory management may be briefly stated. They are:

1  The setting and maintenance of the correct level of service for each item in the inventory, i.e.
ensuring that the frequency of stock-out is kept within acceptable limits.

2 Efficient operation of the stores or warehouse.

3  Ensuring that the results achieved justify the amount of capital invested in stock and that this
amount is within the limits dictated by overall company financial policy.

No attempt has been made to place these objectives in order of importance; this can be decided only
in a specific set of circumstances, and even then the choice is likely to be difficult.

The computer is unrivalled in the assistance which it can give to the attainment of these objectives,
because of the exceptional ease and speed with which it can examine and analyze data and report
selectively on its findings.

However, setting up a computer-based stock control system involves many man-years of effort in
systems analysis and programming. To save a substantial part of this work, I.C.T. has produced the
1900 SCAN System for Inventory Management. The system philosophy used has been developed and
tested over a number of years and takes advantage of operational research techniques which have
become available in the last decade or so. The system is fully supported by a series of interlocking

4046 (9.67) . 1
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programs: flexibility is assured by a number of choices which may be exercised by the user to control
the way in which the programs operate and by the provision of links (via magnetic tape files produced
by the system) to connect with user routines such as order control, invoicing and costing.

SCAN System 1 uses a re-order point system as the basic model and provides an automatic, adaptive
control system which adjusts to changes in demand as they occur. Apart from the routines for day-
to-day control of inventory, a number of routines provide for analysis of inventory and the testing of
alternative management policies so that the best may be selected without resort to the slow and often
expensive method of trial and error.

The system may be used for the control of finished goods and distribution warehouse stocks and, in
general, for the control of stocks where future demand is unknown, e.g. maintenance spares, small
tools and consumable materials.

Items the demand for which is linked to a production programme are excluded, since the needs of
production control are fully covered by the I.C.T. 1900 PROMPT System (Production Reviewing,
Organizing and Monitoring of Performance Technique). The techniques used in the SCAN System 1 are
applicable to some items in this category and it is possible to use SCAN in association with PROMPT,
which latter system then exercises the overall control.

RE-ORDER POINT CONTROL 1.3

Where future demand is unknown, inventory control reduces to continual and regular review of each
item and a decision on either

1  when to re-order, and what quantity to order, or
2  what quantity to specify (or schedule) for each new time period.

"The former is the essence of a re-order point control system, whilst the latter is a supply scheduling
system. The two are closely related and the second may easily be derived from the first. The SCAN
system offers both facilities which may be used together in the same system for different groups of
items.

Re-order point control is a simple concept. Stock is allowed to be consumed without control action
being taken until a pre-set stock level (the re-order point) is reached. This is the amount of stock
which, it is estimated, will be consumed in the time required to obtain a further supply (the replenish-
ment delivery, or lead time).

When the re-order point is reached, a further supply is ordered. If this order is placed at the correct
time, further supplies will be received just as the existing stock is exhausted. If the order is placed
too soon, there will still be stock on hand when the new supply is received and the stock of that item
will have been higher than was necessary. If the new supply is ordered too late, stock will be exhausted
before the new delivery arrives and, for a time, demand cannot be satisfied: stock-out occurs and
some demand must be back-ordered, i.e. recorded for action when new supplies come to hand -
assuming that customers are prepared to wait.

The ideal situation, when the rate of demand and the lead time are constant, is illustrated in Figure 1
which is a graph of stock variation for a particular item and shows the effect of re-order point control.
Stock falls until the re-order point is reached (indicated by an asterisk) when a fresh supply is
ordered. This is delivered one lead time later.

It will be noted that the same quantity is ordered each time.

Demand rates and replenishment times are seldom constant in practice. If both exceed maximum
expectations during the same replenishment cycle, customer service is badly affected. If both fall
below minimum expectations at the same time, over-stocking results. The effect of these extreme
variations is illustrated by Figure 2.

Because the variability of the demand rate and the lead time must be taken into account, it is undesir-
able to operate on fixed re-order points. This is the principal failing of most simple inventory control
systems. Apart from those items which receive special Management attention, revision of re-order
points is too infrequent and is often based on highly subjective opinion. Inevitably, control suffers.

4046 (9.67) 3



Automatic Revision of Re-order Points 1.3.4

Using operational research techniques, digital computers reduce control of stocks to a largely
automatic process which:

1 Revises re-order points on a routine basis in response to changes in demand.
2 Indicates when and what replenishment quantities are required.

Automatic inventory control maintains any level of customer service set by 'Management and depends
on statistically minimized re-order points, which contain two elements:

1  Cycle stock to cover the average expected demand in the replenishment delivery time.

2  Safety stock to maintain the service level specified by Management.

Safety Stock 1.3.2

The level of the safety stotk depends on the accuracy of the demand predictions and the customer
service level required by Management. Customer service level is a measure of the degree to which
demand is met immediately from stock: the higher the service level, the fewer the number of stock-
outs, and the greater the safety stock and the stockholding costs. Perfect service is unattainable and
a balance must be struck between cost and service.

Safety stock is most important for those items with the highest usage rates and, for these at least, it
is desirable to evaluate the cost of various service levels before a decision is made.

Items with low usage rates tend to be re-ordered infrequently and hence tend to require small safety
stocks, unless the lead time is unreliable. The need here is to ensure that no excessive safety stocks
are carried, since.these items are in the majority in the average inventory.

In practice, the inventory is subdivided into a small number of groups and a customer service level
specified for each.

Once the service level is fixed, the calculation of safety stock is automatic. It is recomputed whenever
a new prediction of demand is made.

The effect of variations in safety stock in a variable re-order point system is illustrated in Figure 3.
Simultaneously with the fall in the rate of demand {(indicated by the graph of stock variation becoming
less steep as one looks from left to right across the diagram), the demand has become more stable
and the safety stock is progressively reduced in response to this change. A constant replenishment
order quantity is used here. The effect of varying this is considered in the next section.

Minor
Stock Over-stocking
Maximum
Stock —_—t - e P e e -
Re-order »
Point I Constant

Replenish-
ment Order

Safety ———lt Quantity

Stock

| ? | Stock-out
lLiong Replenishment Short Replenishment
Delivery Time Delivery Time

%k Order placed here

Figure 3 Variation of stock with variable re-order point and constant replenishment order quantity
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- Replenishment Order Quantity . 133

A fundamental objective of adaptive inventory control is to adjust stocks to respond as closely as
possible to changing demand. If demand is expected to rise, stocks must be built up: if demand is
expected to fall, stocks must be run down. If Management have advance warning of an impending

change they must intervene to achieve the correct result. When the system detects the change in the
demand it will respond automatically.

For stockholding to be minimal, replenishment orders must not be initiated until stock is within one
replenishment delivery time of exhaustion. The final adjustment can be made only by varying the
replenishment order quantity. This indicates one method of Management intervention, when necessary:
an additional replenishment may be placed 'outside' the system, or the placing of an order requested
by the system may be delayed. This type of intervention will be required only in exceptional circum-
stances.

The correct determination of replenishment order quantities is obviously essential, and must depend
on the estimated future demand. Large, infrequent orders increase the range of variation of stock -
see Figure 5 - and inflate both the average and the maximum stock levels. Small, frequent orders have
the opposite effect.

Deciding the order quantity also determines the ordering frequency and hence the order cycle time,
which is the interval between successive orders. The system may be instructed to operate on a fixed
order cycle time or to calculate order quantities by reference to the economics of the situation.

.The major costs of operating a stores or warehouse are:

1 Service cost: the cost of satisfying demand, i.e. the cost of all operations which stem from the
receipt of a customer order, or stores requisition, including the associated data processing costs.

2  Maintenance cost: the cost of providing, maintaining, heating, lighting and making secure the
warehouse and its fittings and equipment, plus supervision and control system costs.

3 Supply cost. the cost of ordering, machine set-up (if appropriate), receiving, checking and supplier
accounting. .

4  Stockholding cost: the cost of stockholding, including the cost of capital invested and the cost of
insurance, obsolescence and losses in storage.

Service and maintenance costs influence stockholding policy and can impose restraints on the control
system. Such restraints will be constant over relatively long periods of time and are unlikely,
therefore, to affect routine control.

Supply and stockholding costs, which directly influence control strategy, are in opposition. Orders for
large quantities tend to make supply costs small and stockholding costs high, whilst small orders have
the opposite effect. This is shown graphically in Figure 4. The total cost first falls as the replenish-

/ Total Cost
Minimum Total

Cost  [~~7—77°°X~~ \
Stockholding

'
[)
: . Cost
]
\
L]
!
T

Cost

: I
Economic Supply Cost
Order Replenishment
Quantity Order Quantity .

Figure 4 Effect of order quantity on cost
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ment order quantity increases: it reaches a minimum value at the economic order quantity. Any further
increase in the order quantity will increase the total cost.

In practice, it is difficult to determine the supply and stockholding costs accurately and this approach
can give only an approximate answer - it will be noted that the total cost curve in Figure 4 is fairly
flat in the region of the minimum value; the choice of order quantity is not, therefore, critical. The
mathematical formula which is derived froni the total cost curve and which is used to calculate the
economic order quantity may, therefore, be used as a Management regulator to secure acceptable
levels of total inventory investment and ordering activity. These levels may be selected as the result
of computer analysis of the inventory (or a random sample). They may be adjusted subsequently in a
similar way if trading conditions change. Management is thus able to tune the inventory control system
to suit prevailing conditions.

A time-based ordering policy ignores the unit cost of the item; the economic order quantity approach
takes unit cost into account as well as rate of demand. The latter will tend to order smaller quantities
of items with high annual usage value and larger quantities of items with small annual usage value
when compared with the former. Now that the problem of accurately determining supply and stock-
holding costs (so long a serious disadvantage with this approach) can be avoided, use of economic
order quantities should always be carefully considered as the basis of the replenishment ordering
policy, especially for the items with high annual usage value. However, this method is not suitable if
demand is subject to seasonal variations or strong trend.

To cater for situations where economic order quantities are not appropriate, the following time-based
ordering policies are available in the SCAN system:

Statistical mimimum order quantity: this is the minimum order quantity to ensure stable control. By its
use stock investment will be reduced to the minimum possible at the expense of frequent ordering.

Preferred ordering interval: an ordering interval is specified for each item by the user and the system
will base its order quantity calculations on that interval. There is an automatic check to ensure that
the resulting order quantity is not less than the statistical minimum order quantity.

The preferred ordering interval may be used in two ways - with random re-ordering or with cyclical
re-ordering.

Random re-ordering: this is the true re-order point control system - a new replenishment order is
requested as soon as the stock reaches the re-order point. If the stock records are updated daily, new
replenishment orders will be requested daily.

Cyclical re-ordering. it may be more convenient to have a single weekly or monthly list of replenishment
orders. In these circumstances, cyclical ordering is used. The preferred ordering interval specified
for each item controls the frequency with which that item's stock is replenished.

Stock T
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Figure 5 Variation of stock with variable re-order point and variable replenishment order quantity
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Cyclical re-ordering is also used in two special cases. Firstly, when the stock records are updated
weekly or less frequently, and lead time or ordering intervals are short (say, one or two updating
intervals), random re-ordering introduces disturbances into the control system. These are avoided by
the use of cyclical re-ordering.

Secondly, when suppliers are issued with reqﬁirement schedules or bulk orders, cyclical re-ordering
may be used to add a new period's requirements to the schedule each period and 8o continually update
the schedule automatically, or it can be used to issue a weekly or monthly call-off each week or month.

Cyclical re-ordering may also be used to operate a policy of joint replenishment. By suitable setting
of the preferred ordering intervals of a group of associated items, these items will always be ordered
together; each time this occurs the stocks of those items will be brought into balance. It could, of
course, be arranged for some items in the group to be ordered each month and the remaining items

in the group to be added to the list, say, every third month.

Whatever the ordering policy chosen for each item (the choice is individual to the item) the SCAN
system may be used to evaluate the likely level of stockholding and ordering activity which will result.
In addition, it will show for each item the effect of economic order quantities compared with time-
based ordering so that the user may choose, if he wishes, a time base for ordering that corresponds
approximately to the economic order quantity.

The effect of variable re-order points and variable re-order quantities is illustrated by Figure 5.
Maximum stock, and hence average stock, depends on demand variability and the specified customer
service level (determining safety stock) and on order cycle time. The system is completely adaptive
over time.

Demand Forecasting 134

Many mathematical techniques for short-term forecasting are available. At the end of each forecasting
‘interval a new prediction of future demand is made, using the previous prediction and the actual demand
which occurred during this interval.

The revision of demand estimates forms part of the automatic routine which updates the re-order

point and replenishment order quantity for each item (in accordance with the specified lead time,
customer service level and replenishment ordering policy). The constants used in the equations are
chosen separately for each item by statistical analysis of historic demand data, and are selected to
minimize the variability of the prediction errors, and hence safety stock, over time. Where no historic
demand data are available for analysis, these constants must be established arbitrarily in the first
instance. The system itself accumulates a record of past demand so that analysis may be undertaken

in due time.

The system will follow trends and seasonal variations in demand, but will take time to adjust to
sudden, large, permanent changes in demand. When such changes are expected, it is usually desirable
to adjust stocks by Management intervention prior to detection of the change by the system itself.

Forecasting Frequency 1.3.5

The frequency of demand forecasting determines the minimum frequency of stock updating. The latter
usually depends upon systems and data collection problems, but must be at least as frequent as
demand forecasting and should always be as frequent as can be conveniently arranged. In many cases
daily updating will be necessary and should always be sought unless the demand is geared to a longer
time cycle, e.g. single weekly demands which are always received on Monday.

The forecasting frequency depends on the statistical structure of the demand: in practice, the minimum
permissible time interval is chosen unless the demand is geared to a longer time interval or lead times
are unduly long. The forecasting interval is seldom less than a week or greater than a month for the
items in reasonably regular use.

Control Optimality ‘ 1.3.6

The optimality of control depends on the accuracy of demand prediction and it is essential that pre-
diction errors are as small as possible over time. If they are not, safety stock will be unnecessarily
large and costs will be inflated.
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Monitoring of System Performance 137

The system keeps a check on its own performance and signals any danger of loss of control. At such
times, which should be infrequent, the most recent demand data may be re-examined and any necessary
adjustments made to the control factors. In the meantime the system automatically increases the
sensitivity of the forecasting system to accelerate adjustment to any permanent change in demand which
may have occurred.

If arbitrary forecasting constants have been adopted in the absence of demand history for analysis, the
monitoring system will detect any bad choices and report on the items concerned.

INVENTORY ANALYSIS 14

It will be clear from this chapter that technical differences between the various items in an inventory
matter to an advanced inventory control system such as that encompassed by SCAN System 1, whereas
they were of no concern previously. The system includes a number of programs which take care of
this detailed analysis. It is not essential prior to setting the control system to work and is not always
possible - as has already been noted - but it is desirable.

Inventory analysis is also used to assist Management to determine operating policy on a quantitative
basis not previously possible and the value of this will be obvious from what has already been said.

There is a third use of inventory analysis which has been exploited by inventory managers, systems
analysts and management consultants for a number of years. This is the facility of ordering the items
of an inventory on the basis of commercial criteria such as annual usage value, gross profit margin,
or stock value. The first two of these criteria put at the head of the list the items that really matter
to the business, and at the bottom of the list the items whose continued retention in the stock list
should be reviewed. The items at the head of this list are also those items which are likely to respond
most quickly to automatic control; the reverse is true for those items at the bottom of the list. Thus,
the speed with which stocks will respond to automatic control may be estimated in round terms.

Such a list will also direct attention to the most fruitful items for investigation when it is wished to use
the technique of Value Analysis.

A list in sequence of item stock value shows where the stockholding is concentrated.

Such lists are extremely valuable during initial investigation of an inventory and may also be used for
periodic review (say, annual) of the performance of the control system.

It is common experience to find that some 10% to 20% of the items in an inventory account for more
than three quarters of the total annual turnover of that inventory. To be able to isolate and list this
important section of the inventory automatically is obviously of considerable value to Management.
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Chapter 2 General Description

SYSTEM CHARACTERISTICS 24
The routines described in Chapter 3 form the basis of an integrated, adaptive system for:
1  Analyzing demand history in order to:

(a) classify items on the basis of both frequency of movement and commercial importance,

(b) establish control parameters and initial values for use by the operational system,

(c) assist Management in the selection of the most suitable operating policy in the light of pre-
vailing conditions.

2 Processing stock transactions in order to maintain an up-to-date record of the stock situation.
Allocating physical stock to each demand in accordance with a predetermined system of priorities.

4 Reporting on current stock values, unsatisfied customer demand, new stock replenishment orders
required, and items requiring progress action.

5 Control of stock levels by use of variable re-order points and variable re-order quantities which
respond to changes in demand.

6 Monitoring of the system's own performance and reporting when there is risk of loss of contrel
optimality.

The system includes links to facilitate integration with other important data processing routines such as:
Purchase and manufacturing order control

Sales invoicing procedures

Product sales analysis

Production scheduling

Cost accounting

Continuous inventory stock audit control

The system may also be useéd in association with the I.C.T. 1900 PROMPT System of production control.

The criterion by which the SCAN system operates is that a stock replenishment order is placed for an
item whenever its available stock falls to, or below a re-order point. This may be on the day that the
causal stock transaction is reported to the system (random re-ordering) or the user may choose to
generate replenishment orders on a periodic basis, irrespective of the level of available stock at the
end of each period (cyclical re-ordering).

The re-order point is the control trigger which determines when to order in the case of random re-
ordering: in the case of cyclical re-ordering, a replenishment order is requested whenever the system
detects that the end of the specified cyclic period has been reached.

The re-order quantity is computed to give Management the opportunity to:

minimize the sum of supply and stockholding costs, or

order the minimum necessary to maintain system stability, or

order at specified regular intervals.

It indicates 'how much to order' when the system calls for replenishment action.

The choice between these various techniques may be made individually for each item.

By monitoring the errors between actual demands and predicted demands (forecasts) within specified
limits the system warns Management of any loss of forecasting efficiency.
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The system is particularly suitable for the control of finished product warehouse stocks but the
techniques employed may be used in many other areas of inventory management where the stock
holding is not directly dictated by a production programme.

OUTLINE OF SYSTEM ROUTINES 2.2
The routines forming the basis of the systems fall into three classes:

File Creation/Maintenance

Analytical

Operational

The integrated control systems flowchart (see Figure 28) shows this natural division and how the_
routines are related one to another, Chapter 4 suggests methods of integrating this control system
with other important user commercial routines.

Where applicable, all routines will accept punched card or paper tape input under operator control.

File Creation Routines 2.24
These routines are required:
1 Initially to create, and subsequently maintain the master files used in the system.

2 To provide a facility for examining, on demand, the contents of one, or more, item records in the
master file.

3 Regularly to write all period stock transactions to a magnetic tape file.

Master File Create/Maintenance Routine

All business systems require Master files to be created initially before any attempt is made to operate
the system regularly on the computer. Thereafter, in the normal course of events, changes to the item
records held on the Master files occur periodically and provsion must be made to allow these changes.
to be effected quickly and easily without hindrance to the system.

The system described within this manual uses two such Master files, namely Stock Master and Demand
History files.

Stock Master File

This is the central file of the system. It must contain details of every item in the inventory. In addition
to price and descriptive information, each item record contains all the balances required by the
system, together with supplementary information designed to measure control efficiency. This file is
regularly updated by the system to record the effect of stores transactions: it serves to initiate
reports of unacceptable or dangerously low item stock levels, stock-out occurrences, replenishment
order requisitions and unsatisfied customer demands. It also accumulates the data for the regular
updating of the Demand History file - see below - and may be used by user routines to provide periodic
stock lists, stock status reports and detailed stock evaluations.

Demand History File

Keeping a record of historical demands for each item in the inventory is desirable in any stock
recording system. This permits the review of this demand history at any time when need arises.

So that access to this information may be obtained at reasonably short notice, the system provides for
regular updating of a magnetic tape file containing this information. A demand history extending up to
104 time periods (weeks or months) is allowed for, the length of the time periods being decided by the
user when the system is first set up.

This file may be used in several ways:

1 for the analysis of a sample of inventory items during preliminary study in order to establish the
inventory profile, i.e. the way in which the stock holding is distributed across the items relative
to their contribution to annual stock turnover value;
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2 for the analysis and classification of the total inventory if this is desired prior to setting the
system to work, and again when review of control performance is required - usually this review
will be required annually;

for the review of special sections of the inventory, e.g. slow movers, when required;
4 for the examination of the demand history of specific items;

to compute optimum forecasting parameters (and seasonal factors, if required) initially, and to
recompute them periodically as need arises;

6 to assist in the selection of operating policy initially, and when business conditions change.

The Demand History file is also used as a matter of routine by the SCAN System 1 for those items
included in the adaptive control system.

For both files the following functions are available:

CREATE Master file on magnetic tape: This function is designed to create a master file containing the
item records. A list is printed giving details of each item record and may be used as a master fite
reference.

MERGE files: Normally, file creation is a 'one off' task when preparing files prior to running a system
but if it is desired to build up a master file gradually, the data forming each part of the file may be
used to create a number of part files. The merge function will allow any two part files to be brought
together at any one run and a single master file to be created in the desired sequence.

EXTRACT records: This function is to allow selected records from a master file to be extracted and
written to an output magnetic tape file. These records are deleted from the master file. After per-
forming some action on these records - depending upon the circumstances - the extracted records may
be merged with the main file for operational control.

DELETE records. This function simply deletes any required item record from the master file and
records the action on a listing.

INSERT records: This function is designed to place a new item record in its correct sequence in the
master file,

AMEND records: Any field or number of fields within an item record for either master file may be
updated or altered by using this function. A list is printed of such amendments together with the old
(or previous) field values.

Note: With all the above functions, except MERGE, a list recording the action is printed.
Skeleton History File Generate Routine
This program is ancillary to the Master File Create routine.

Part of the information in the Demand History file is common to the Stock Master file. Therefore, to
save the extra cost and increased risk of error if this information were punched twice, this program
copies the common information from the Stock Master file to the Demand History file. If the latter file
omits certain items, the information is copied only for those items present on the Demand History file.

Where there is no special information to be recorded on the Demand History file this program will
create this latter file automatically from the Stock Master file, entering only the common information
and leaving the rest of the item record blank.

Situations affecting the use of this program are as follows:

1 If it is desired neither to enter the analytical routines nor initially to forecast demand, but to use
the Demand History file to accumulate data, a 'skeleton' Demand History file may be created
directly from the Stock Master file.

2 If historical demand data is not available and inventory analysis cannot, therefore, be performed
until sufficient demand history has been accumulated, a 'skeleton' Demand History file may be
created directly from the Stock Master file, as explained above. However, in order to use adaptive
control for certain items, it is necessary to add certain additional information to the appropriate
item records. This may be effected by the use of the Master File Maintenance program. All other
records in the Demand History file will be treated as fixed re-order point items, but the system
will progressively accumulate the demand history for all items in the Demand History file.

3 - If historical demand data is available and analysis is required, prior to setting up the system, it
will be necessary first to create the Demand History file and then add the common data.
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If only selected records, from the Stock Master file are required, a part file must be created first,
containing the selected item records and then matched against the Stock Master file to transfer the
common data,

Magnetic Tape File Record List Routine

This routine is designed to allow users to examine the contents of one or more selected item records
held in either the Demand History or Stock Master files.

Any number of item records may be printed in one run and the listed record contains the names of the
fields as well as their alphanumeric value. This program could also be used to provide a permanent
Master file reference.

Analysis Routines 222

These routines are used to study the structure of the inventory and to set up the control system
factors and parameters initially. They may also be used at any subsequent time when:

(a) additional items are included

(b) ‘the system's performance is re-evaluated

(c) re-setting of prediction parameters is required.
Stock Profile Analysis Routine

The function of this routine is to analyze demand history (item by item) and determine, by calculating
the frequency of movement, the most suitable time interval for forecasting in terms of the basic time
unit in which demand data have been collected. For example, if demand data were aggregated in
weekly parcels, a minimum forecast interval of '1' in Figure 10, page 42, would mean that a new
prediction of demand should not be made more frequently than once a week.

In some circumstances it may be necessary that the data be recorded or presented to this program in
terms of the demand in each of a consecutive series of months: in this case a forecast interval of '1'
means that forecasts of future demand should be made monthly.

This analysis will enable Management to select the fast moving items from their total inventory for
possible inclusion in the adaptive control system. Any item with a recommended forecast interval of
greater than four weeks (or one month) should not be an automatic choice for inclusion: these items
are demanded less than six times a year and will normally be regarded as slow movers. If the unit
cost of a slow mover is high it may be necessary to maintain a tight manual control or to operate on
an imprest system whereby each unit of stock is replaced when it is used: if the unit cost is low a
simple fixed re-order point control system may be quite adequate because the economics of replenish-
ment order size become the overriding consideration. However, any item may be included in the
adaptive control system subject to observance of the minimum forecast interval recommended by the
Stock Profile Analysis.

It may well be that certain items fall into the 'fast moving' category, but that the cost of collecting
data regularly and processing it does not justify their inclusion in the system. The next program to be
described - ABC Analysis - assists in isolating items of this type but the final choice of items to be
included rests with Management.

A special case is the 'static' item and this is indicated by a forecast interval of '0’' which means that
there is no recorded demand in the data examined. These items should be reviewed to see if their
continued retention in the stock list is justified.

Each item processed in the Stock Profile Analysis routine is evaluated, over the demand history
supplied, in terms of average annual sales (or usage), average annual gross margin (sales value minus
cost value) and current stock value (at cost). The items included in the Stock Profile list (see Figure 10)
may be selected on the basis of recommended forecast interval. In addition, a summary table may be
printed if required, to show on a cumulative percentage basis for each forecast interval in turn the item
count, annual sales, stock value and annual gross margin.

The list may be used for comparative study both before and after implementing the control system to
review system performance and to evaluate the stockholding position. The ABC Analysis routine may
be used in addition when a more detailed study of these aspects is required.
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ABC Analysis Routine

This extension of the Stock Profile Analysis routine enables Management to study the commercial
aspects of an inventory in greater depth. However, any such study cannot be divorced from con-
sideration of the frequency of movement of the items since this determines the practical range of
choice of control techniques. This routine recognizes this need.

It is universal experience that when the individual items in an inventory are judged on the basis of the
contribution of each to the value of the annual turnover, overhead expenses or gross profit, the range
of variation is very large. If the items are arranged in descending sequence of annual usage value, for
example, and the contribution of each is summed progressively across the inventory, it may well be
found that the first 10% or 20% of the items account for more than three-quarters of the total turnover:
on the other hand, the last 20% of the items will probably be found to contribute only a few percent of
the turnover.

This same pattern will be found again if the items are sequenced by gross margin or frequency of
movement. '

It is obviously important to know how the stock value is distributed across the inventory in relation to
the criteria already discussed and one important purpose of inventory analysis is to highlight the
manner of this distribution so that corrective action may be taken. Very often it will be found that
inadequate stocks of the important items are carried - leading to high cost of the resultant poor
customer service - whereas the stocks of the more numerous, slow moving items are excessive for
the level of customer service required. Since the investment in the latter can be recovered only slowly,
the capital available for investment in increased stocks of the more rewarding, high turnover items is
unnecessarily restricted.

The Stock Profile Frequency Analysis table (see lower half of Figure 10) gives a first assessment of
the stock profile, i.e. the distribution of stock value in relation to frequency of movement, annual
usage value and gross margin, The ABC Analysis routine may be used to provide a series of reports
to supplement this information.

As a possible first run, it may be used to print a summary table (see Figure 13, page 46) which shows
for each progressive 5% (approximately) of the selected criterion (annual usage value gross margin,
or stock value) the progressive percentage values of the other two criteria and the item count.

It has been found useful in practice to classify each item according to its contribution to annual turnover
and a simple ABC classification is commonly used. Because of the importance of the frequency of
movement, this classification is supplemented in the SCAN system by a numeric suffix which may be

1, 2, or 3. Inclusion of this combined class code, e.g. Al; in various reports produced by the system
gives a quick appreciation of the importance and nature of the item in question.”

How the ABC classification divides the inventory is a matter for individual choice and must depend on
local circumstances, but a typical subdivision would be given if the 'A' items represented the top 80%
of the annual usage value, the 'B' items represented the next 15% and the 'C' items accounted for the
remainder. '

The user may similarly choose the manner in which the movement frequency suffix (1, 2, or 3) divides
‘the range of recommended forecast intervals, which are derived directly from the calculation of the
average frequency of movement for each item. '1' will always relate to a forecast interval of 1. '2' and
'3' may be used to distinguish between the medium speed and slow movers, or between the slow movers
and the moribund items, although the former will generally be preferred.

The ABC Analysis Summary and Stock Profile Frequency Analysis tables may be used to help define
the various classes of the ABC classification. Whilst the ABC Analysis routine may be used to list the
items in any of a number of sequences, the preferred sequence will be descending value of item turn-
over. When the data are presented to the program in this sequence, the ABC classification is carried
out and the input file updated with this information. At the same time either a full or a restricted
listing of the items may be printed. For example, a list of low usage value items, or slow movers,
could be produced so that these items can be specially reviewed. A typical list is illustrated by
Figure 11, page 44,

This program will also produce an analysis table showing the contribution of each of the nine classes
(A1 to C3) to turnover, gross margin and stock value - see Figure 12, page 46.
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Control System Selection Routine

To cater for the needs of tne various classes of item to be found in a single inventory, 1900 SCAN
System 1 provides a number of control 'techniques, one of which must be selected for each item.
The preferred choice for the fast moving items is the automatic adaptive control system briefly
described in Chapter 1. This may use a policy of either random or cyclical re-ordering.

Whilst this system may be used for every item (subject to observance of the recommended forecast
interval, as already noted) it may be preferred to use fixed re-order points and quantities, or an
imprest system for the slow moving, high cost items and the former for items of low usage value.
Again, a choice may be made between random and cyclical re-ordering.

Thus, there is a choice to be made between four different methods of control. Later planned develop-
ments will increase this choice to six when a special method of dealing with slow moving items is
added to the system.

The remaining three analytical routines are specific to the items to be included in the adaptive control
system. If, therefore, a selection may be made at this stage, processing time will be saved since the
subsequent analysis need deal with the selected items only.

The choice of control system is expressed by allocating a 'system marker' to each item. This may be
done in this routine by allocating a system marker to each of the nine classifications generated by the
previous routine. This is notified to the program at run time: each item is then given a system
marker dependent on its ABC classification.

This routine records both the ABC classification and the system marker in the Stock Master file. The
system marker may be transferred across to the Demand History file by use of the Skeleton History
File Generate routine (already described) if this is required.

The second use of this routine is print a list of the stock items in sequence of stock code number and
showing the annual turnover value, gross margin and stock value for each item as well as the ABC
class code. This list provides a valuable record for subsequent reference; it is illustrated by Figure 14,
page 48.

Demand analysis Routine

Items selected for analysis (i.e. either an initial selection from the Stock Profile and ABC Analyses,
or a sample of a company's product lines) are processed in this routine and a statistical analysis is
performed on the demand history available in order to compute mathematical characteristics
necessary to proceed with further analysis.

There are several parameters available which allow for flexibility in performing this analysis.

One such parameter allows only those items to be processed which have a recommended forecast
interval equal to or less than the value of the parameter selected; e.g. if demand data were collected
weekly and the parameter were set to four, only items which had a forecast interval of four weeks or
less would be processed. All other item records would be written directly to magnetic tape or other
output media from input.

There is a choice of confidence limits to be used in a statistical significance test (see page 205).

Two types of print format are available and the user may have either a full format with all calculated
results or an abbreviated format. This does not alter the basic function of the routine, but does allow
the user the benefit of a more sophisticated printout if desired and statisticians and O.R. personnel
will find this helpful. The two alternative forms of printout are illustrated by Figures 15 and 16 on
page 52, :

The user may also decide whether a further full search technique is applied for all selected items or
only these items where seasonality and trend have been detected.

The main function of this routine is (a) to determine a near optimal proportional control prediction
parameter using an analytical method that involves serial correlation coefficients, and (b) to test for
either seasonality or trend in each item's demand history. If an item has a suspected seasonal pattern
or trend it is further analyzed in the next routine (using a fast search technique), but it is possible to
use the results from this routine without the necessity for further analysis, unless the presence of
either seasonality or trend makes it desirable to process at least the items affected in the next routine.
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" Optimal Prediction Parameter Routine

The function of this routine is to search the original demand data and obtain the best pair of prediction
parameters, for use in the Box-Jenkins prediction equation (see Section A.3.3, equation 17, of
Appendix A).

However, if suspected seasonality has been.indicated by the Demand Analysis routine, seasonal factors
are computed and applied to the appropriate demands before the search is made. Depending upon the
results of this analysis, the pair of prediction parameters giving the best results is written to magnetic
tape together with seasonal factors, where appropriate, and various mathematical factors necessary

to effect operational control.

System Performance Estimation Routine

This routine estimates, for each item included in the control system, the safety stock, average stock
and total stock to be expected from the use of the control parameters determined from one or both of
the two previous routmes It is intended to show the effect of various operating policies selected by
Management.

The estimated stock level and order quantity are computed for each item for a selected average order
interval and four other intervals grouped about it.

There are a number of choices available to enable Management to use this routine (on one or more
occasions) to evaluate several policies and to determine an acceptable operating policy for the system.

Any currency unit may be used; no conversions are necessary as all values are expressed as decimals
in terms of the same currency unit as the input data.

Two major summary tables are provided. The first table, for all items included in the analysis, pro-
vides annual turnover and current stockholding values, together with the estimated safety stock value
based on the calculated control factors - for various groups of items and in total. Further summaries
are provided of expected average stock value and the annual number of replenishment orders appro-
_priate (a) to the minimum ordering interval (e.g. one week for weekly data), (b) for the preferred
ordering interval (which may be different for each item, or selected for all items initially as a constant)
and (c) for the economic re-order quantity using investment rates and ordering costs selected by
Management. Stock turnover ratios are provided for each summary.

The first table may be provided alone if required, to enable Management to examine the effect of
alternative ordering policies on all, or part, of their total stockholding before deciding on specific
customer service levels and ordering intervals for each item.

The second summary table will provide current stockholding values using a range of investment rates
and a selected ordering cost in the economic order formula (see Section A.7, equation 34, Appendix A).
This second table may be suppressed if desired. A blanket ordering cost may be used or individual
ordering costs may be specified when the Demand History file is first set up. The latter will usually

be required for 'own manufacture' items to reflect variations in machine set-up costs.

Operational Routines 223

The operational routines provided in SCAN System 1 could form the basis of a user's data processing
system. All stock transactions are 'captured' on magnetic tape and processed against the Stock Master
file to provide updated stock balances. These, in turn, are used to provide exception reports for
Management action and magnetic tape files for entry to computer routines in other business systems
~areas. In this way, the user may expand the system to include all desired areas of data processing.

It is not strictly necessary to enter the analytical routines: arbitrary classifications may be given on
the basis of the Stock Controller's knowledge, and thereafter the operational routines would provide
the desired control, However, it is a valuable experience for Stock Controllers to process their
inventory records through the analytical routines described above. As described elsewhere, it is
highly desirable to keep a check on the system performance by their use.

Magnetic Tape Creation Routine-Transaction File

This routine is described under the heading of operational routines because it is the point at which all
stock transactions are 'captured'. This then provides the entry point to the operational routines.

A common input format is provided for each type of transaction and the transactions may be written to
a magnetic tape file in any sequence.
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The following types of transaction may be input to this program:

(@) Audit request: this may contain details of the current physical stock position for the item to be
matched against the Master file record.

(b) Stock adjustment: any correction to the physical (or on-hand) stock balance.

(c) Stock receipt and scrap: any goods or stock received from a supplier or factory. The facility for
processing data on scrap is provided.

(d) Returns outward: this caters for stock which has been returned to the supply source for replacement,
after being debited to stock.

(e) Unscheduled issues. if stores issues are made such that the normal system is by-passed the Stock
Master file must be updated in arrears. However, the issue normally requires invoicing and a
later program carries the relevant data forward.

(f) Returns inwards: normally, this records the return of an unscheduled issue or a return of goods
from a customer for credit. :

(g) Replenishment order adjustment: provided to amend the stock on order balance.
(h) Demands: these are orders placed by customers (or factory on a store).

In addition to creating a magnetic tape file this routine lists each transaction on the printer for
reference. A facility is provided for batch control totals if required.

Sort/Merge Routines

Standard sort/merge software may be used eitner to sort the transactions file into the required )
sequence for processing in the next routine or to merge a recirculating file (containing outstanding
transactions) with the current transactions file and sort the combined récords into one file in the
required sequence - normally, priority code within due date within transaction code within item
number.

Stock Updating and Allocation Routine

This routine constitutes the hub of the control system from which most 'exception' reports and data
for use in other routines are generated.

Besides maintaining a record of stock availability and applying re-order point control to all stock
items, it also feeds the Stock Forecasting and Monitoring routine with the necessary demand data to
effect variable re-order point control on selected stock items and to build an historical demand array
for all items for future analysis.

It is recognized that not all items in an inventory will require the same control techniques and, con-
sequently, this routine updates all Stock Master file item records affected by current stock transactions
and applies to each item the selected form of re-order point control as indicated by the numeric value
of a system marker contained within the record.

Before updating the various balances for an item, an audit request, if present, is processed to give
current stock-on-hand information.

After each record has been updated, stock allocation is effected by processing each customer demand
separately against the stock-on-hand balance, in the sequence in which they are presented to this
program,

Where each-demand is fully satisfied a record is created for output. This record is eventually used,
via user routine, for invoice/despatch note preparation and possibly for sales statistics, credit control
and cost accounting routines.

If a demand cannot be satisfied, an unallocated demand (or back-order) record is created.

This record is recirculated back into the system, so that, upon entry to the Stock Updating and
Allocation program next time, it may be given prior attention for allocation before the processing of
new demands.

In addition, a priority code may be used for each, or selected demands to control priority of allocation
for those customer demands.

A user option may be exercised, via operator control, to back-order each demand that cannot be fully
satisfied, or, only that part of a demand which cannot be satisfied from physical stock.
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Individual customer demands not requiring immediate allocation are written to an output magnetic tape
file from this program and recirculated until such time as their due date falls within one lead time
period from the current processing date. These demand records will then be classified as forward
demands and added to the demand accumulators. A further option is provided to set a date such that
when the due date of these forward demands comes within the range of this date option, allocation of
these demands will then be attempted.

The user may decide to extract such demands not required for immediate allocation and exercise some
other form of control or processing.

Upon comipletion of allocation the available (on hand minus back-orders plus on order) stock is com-
pared with the re-order point and a replenishment order requested, if the re-order point is not less
than the available stock. The order may be a minimum quantity set by Management, an economic order
computed to conform to parameters pre-set by Management, or an order computed to last over a pre-
selected ordering interval, based upon the usage rate. A maximum order size may also be specified.

A facility for cyclical ordering is provided, i.e. replenishment orders are requested at regular
intervals - not necessarily each time the Stock Updating routine is processed. Cyclical ordering.has
a definite fixed time interval between successive replenishment order generations.

An exception report is printed giving details of these orders.

If the replenishment orders are adjusted before submission to a supplier, the amount of the adjustment
must be notified to the system; otherwise the on-order balance will be incorrect.

All receipt and issue transactions will be output with cost data for use in costing routines developed by
the user.

The physical stock balance is checked to see if it is outside the range of minimum and maximum stock
limits set by Management. If it is outside this range a record is output to magrmetic tape to enable a
report to be printed by a subsequent program. Such reporting may be dispensed with at user option,
but the system will always report any items on shortage and any items where the available stock does
not cover the known forward demand.

A summary of stock activity and opening and closing balances is printed to enable controls to be
balanced and to provide Management with a summarized report on stores activity since the previous
Stock Updating run,

Allocation Report Routine

In addition to producing 'exception' reports for Management action, entry points to other business
system areas are provided by magnetic tape files created by this routine. Primarily, the program is
designed to print a report of all demand allocations and back-orders resulting from the Stock Updating
and Allocation routine. Additionally the program will provide entry points to Purchase Order Control
and Invoicing routines.

If automatic purchase order control is used, a file of outstanding or unplaced replenishment orders
will likely be merged with current replenishment orders generated by the previous program.

This will depend upon the frequency of processing of the various routines adopted by the user. If, for
example, the frequency of updating were daily, but purchase order control were weekly, then a
Replenishment Order file would be merged each day with the file produced by this program in order
to add new orders. At the end of the week (say), the user's purchase order control routines would be
entered and the Replenishment Order file processed. Alternatively cyclical re-ordering would be used
on a weekly basis to produce a single weekly list of orders required.

-Note: The user is, of course, at liberty to amend the recommended order quantities; however, any
such amendments must be fed back into the system in order to adjust the stock on order balance held
on the Stock Master file - if this is not already catered for in the user routine.

Under Minimum/Over Maximum List Routine

This routine is designed to print two exception reports:
1  Under Minimum Stock level list

2  Over Maximum Stock level list

The user has the option of either including meaningful values for these stock limits in the Stock Master
file or setting the maximum stock level to zero to prevent generation of the Over Maximum report.

If an under minimum stock level report is printed, definite progress action on the listed items is re-
quired if stock-out is to be avoided.
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Management may, or may not, take action to reduce the stock investment in the case of an over
maximum stock level report, depending upon the reasons why the physical stock exceeds this
Management limit.

Additional to the two reports, three magnetic tape files are produced, one of which extracts the over
maximum records (if any) from the input file.

This file is then rewound to produce the second report. A second file is. designed as an entry point to
user cost accounting and invoice checking routines by extracting the priced receipt records. The third
file is used to recirculate the remaining record types back into the system. If audit records are
present, this circulating file becomes an entry point to an Audit Control routine as well.

Stock Forecasting and Monitoring Routine

This routine is the key to adaptive control if required; each item included in the adaptive control
system is processed and a new predicted demand for the next time period is computed by an automatic
forecasting technique.

Using the new predicted demand, the re-order. point and a re-order quantity for the next period are
computed. :

If economic ordering is desired, the re-order quantity is determined from parameters selected by
Management.

Only those items due for reforecasting at that point in time are processed. If an item has a seasonal
demand pattern, seasonal factors specified by Management or calculated by the Optimal Prediction
Parameter Routine are used in making the forecast of demand.

Demand history is updated during this routine so that a Demand History file is always available for
re-analysis at any time.

Control over the continuing validity of the prediction parameters is effected by automatic monitoring
of the forecasting performance.

All items held on the Demand History file are processed but a forecast is made only for those items
having the appropriate system marker within the record.

Note: Recalculation of the re-order point for those items involved may raise the re-order point above
the available stock level. If stock updating and allocation is performed frequently enough, new re-
plenishment orders will be generated quickly, However, if there is a significant time lag between
forecasting and normal updating, it will be necessary to re-enter the Stock Updating and Allocation
routine immediately in order to generate any additional replenishment orders now required.

PROGRAM AVAILABILITY 23

Programs are available for each of the routines described in this manual as forming part of the 1900
SCAN System 1. This excludes the suggested user routines which are described by way of illustration
how the SCAN system may be integrated with other important data processing routines. Which these
are will be clear from the text.

File Formats : ) 2.3.1

The suite of programs supporting 1900 SCAN System 1 includes file creation routines which may be
used to create from punched cards or paper tape the major files used by the system. The user may,
however, prefer to write his own programs to create the two Master files, if the required data is

already recorded in other magnetic tape files which are used in his other data processing routines.

Similarly, it may be more convenient to some users to generate some of the stores transaction records
in his other routines, e.g. Order Amendment Transactions from an automatic ordering routine. These
should be in the format specified in this manual and the file should be merged with the file created by
the SCAN Transaction File Create routine before entry to the Stock Updating routine.

Planning aids to assist preparation of punched card/paper tape input to the magnetic tape file creation
routines are illustrated in this manual. Pads of these planning aids may be purchased from I.C.T.
Printing and Stationery Department, Falk Factory, Works Road, Letchworth, Herts., England, under
the reference numbers shown in the illustrations.
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If the SCAN file creation routines are to be used, the specified punching formats must be adhered to.

In any case the specified magnetic tape file formats must be adhered to unless the user modifies the
SCAN programs. This should be avoided if possible since 1.C.T. will not then be able to maintain any
part of the modified programs and the user will not easily be able to take advantage of any develop-
ments as the result of I.C.T.'s continuing work in the field of inventory management systems.
Modification of either of the Master files used by SCAN System 1 will render the SCAN file maintenance,
file copying and print programs inappropriate to that file.

The Demand History file is unlikely to need amendment since it is internal to the system: spare words
are provided in the Transactions file format, but I.C.T. should be consulted before any of these is
allocated to special user requirements: the programs using the Stock Master file have been so arranged
to allow the user to add an extra 64 words of data to each record (192 words in the 16K version) without
affecting the operation of the SCAN programs. The latter will not have access to this extra data, how-
ever, and the user will need to make special arrangements for adding this extra data to the file at the
time of file creation, or the insertion of new records, and for maintenance of the extended part of each
record.

It is not possible to cater for all eventualities in a generalized system, but these arrangements should
minimize the need for user amendments.

Program Structure 232

The programs are divided into input/output and processing sections to facilitate user amendment should
this be unavoidable. The source languages used are PLAN 3, 1900 FORTRAN, 1900 Compact COBOL
and 1900 Basic FORTRAN (FORTRAN II). The 1900 FORTRAN programs have PLAN input/output
sections. Basic FORTRAN is used only for the two simulator programs which are written entirely in
that language.

Machine Configuration 233

The programs (excepting the SCAN System Simulator) may be run on any 1900 series computer to the
following minimum specification:

Central processor with 8K word core store, console typewriter and floating point facilities (hardware
or extracode) .

4 magnetic tape units (20 kch/s)
1 line printer (120 p.p.)
1 card/paper tape reader

Separate versions of some of the programs will also be available for a 16K central processor to give
faster run times possible with a larger machine.

The SCAN System 1 Simulator programs require a machine to the following minimum specification:
central processor, as above but with 16K word core store

1 line printer (120 p.p.)

1 card/paper tape reader

A special system (1900 SCAN System 2) is available for the 1901 computer with 10 kch/s (cassette)
tapes, but otherwise to the same minimum speclflcatlon as above. For detalls of this, reference should
be made to the appropriate manual.
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Chapter 3 System Description

GENERAL 3.1
This chapter describes the basic specification of the I.C.T. SCAN System 1 comprising:
1 File Creation routines ' '
2  Analytical routines
8 Operational routines
Each routine is described under the following headings:

Objective

System Flowchart

Input

Processing

Output

Peripherals

Note: See Section 2.3.3 for the minimum system configuration.

INPUT/OUTPUT RECORDS 32

The punched card/paper tape and magnetic tape file records described in Chapter 5 and referred to in

~ this chapter contain, besides the necessary fields to produce the results indicated on the report formats
shown, additional fields for data in common use for throughput to the entry points provided to other

* commercial Data Processing systems.

PROCESSING FUNCTIONS 33
The major processing functions of the LC.T. 1900 SCAN System 1 are as follows:

1 From an analysis of demand history, the calculation of the minimum forecast interval, the classi-
fication of the items in the inventory according to frequency of movement and annual usage value,
and the guidance of Management in selection of the control system to be used for each item.

2 By statistical analysis of demand history, the computation of:
mean demand
serial correlation coefficients
optimal Box-Jenkins prediction parameters
cyclical factors for seasonal items
standard deviation of errors and of demand
mean error
initial values to start the forecasting process

3 A statistical test on the serial correlation coefficients to detect significant trend and seasonal
demand patterns.

4 Estimation of the likely effect of various customer service and replenishment ordering policies
to assist Management to select the appropriate ones.
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an

Application of a suitable replenishment order strategy.

(-]

Automatic allocation of available stock to demand.

-3

Preparation of outputs indicating replenishment requirements, stock allocation and items requiring
progress action.

8 Determination of re-order points and replenishment order quantities from predicfions of future
demand. ’

9 Monitoring of prediction errors.
The system issues the following control information for Management action on a routine basis:
1 Replenishment order quantitieé selected to:
either minimize the sum of supply and stockholding costs over time (economic re-order quantity),or
maintain system stability (minimum statistical re-order quantity) and
observe Management ordering policy (minimum or maximum re-order quantities) -

or conform to a fixed size chosen by Management.

[\

The replenishment order quantities may be requested on a random basis, i.e. as need is detected,
or on a fixed cycle, e.g. once a month.

A report of all items whose rorecast errors exceed stated limits.

3

4  Areport of all stock items below a minimum stock level.
5 Areport of all stock items above a maximum stock level.
6

A report of all allocated demands showing quantities allocated and unallocated (back-ordered).
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FILE CREATION ROUTINES 34

M_aster File»Create[ Maintenance Routine 3441
Objectives

1 To create a magnetic tape file from data input on punched cards or paper tape.

2 To merge two part files.

3 To insert a new record or records into a magnetic tape file.

4 To amend any field of any item on a magnetic tape file. -

5 To delete any record from a magnetic tape file.

6

To extract a record or records from one magnetic tape file and produce two part files.

Note: This routine applies only to the two Master files used in LC.T. SCAN System 1, see 'Demand
History file' and 'Stock Master file’.

System flowchart, input, processing and output is as follows for each program function separately:
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/ Data Records

Field Type
Table Records

7/

Run Parameter
Record

or

Master File

Record

Create /Maintenance
Create Function

Master File

List

System Flowchart

01 o1
02 ot
03 ot
03 ot
03 0111
03 o111
03 o111t
03 o111
03 o111
03 o1
04 o111
04 ottt
04 o111
04 o111
04 0111
ot 0112
02 o112
03 0113
03 0112
| —

1 0 0.000
15 QTBTS J HAIG

556
550
593
509
772
375
386
288
1.9
1.6
1.5
1.3
1.3

1 1
15

568 6

350
581
450
768
530
376
536

7 1.99 2,
9 1.39 1.
0 1.57
0 1.15
S 1.42

00
280
550
448
750
540
295
588

0.000
4 0Z FLASKS J HAIG
221 239 371 295 287 189 221 238 271 311 252 247 271 297
273 208 215 263 292 199 273 247 239 281 285 271 261 283

700
317
450
500
718
550
347
594

44

i 0.10 0.00 EACH 267.171 01.992
939 1100 1017 858 802 798 750 749 633
323 350 382 395 400 450 576 600 678 60

449 439 420 400 415 421 450 500 509 S52
514 527 550 552 580 650 675 677 700 80
603 590 500 308 237 298 287 300 345 36
540 530 540 550 540 409 400 396 380 38
244 246 378 244 691 190 200 293 356 38
446 806 999999

08 2,40 2.74 2.99 2.83 2.52 2.25 2.22 2,00
1.34 1.04 1
1.78 1.84 1.95 1
1.20 1.06 1.07 1,33 1,19 1.92 1,14 1,14 1,19
1029 1.71 1.82 1

.00 1.08 1.12 1.41 1,47 1,51
.62 1.59 1.57 1.49 1.34 1.34

.83 1.64 2.33 999999
1 0.20 0.00 EACH 227.832 00.333

02.142

600
o}
0
0
(o}
4
8

00.355

2

963 104 52

1212 104 1

Figure 6 Master File Create Record List - Demand History File
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MASTER FILE CREATE

Input
1 Run parameter record - defined in Section 5.6.1. This record names the output magnetic tape file.
2  Field type table records - defined in Section 5.6.2.
3 Data records - defined in Chapter 5:
Section 5.1 for the Demand History file
Section 5.2 for the Stock Master file

Processing

This function is designed to create a Master file containing item records in the standard MTH format
with header label, qualifier block, data, trailer label.

File creation is achieved by specifying the name of the output file together with other parameters on
the run parameter record followed by field type table records, followed by the appropriate data records
containing item record details. A list is printed giving details of each item record and may be used

as a Master file reference.

Various data type validity checks are performed during the creation stage.

Note: The data records can be in any sequence within item number. Batches of item numbers need not
be in sequence.

Output

1 One magnetic tape file as determined by input
Demand History file - defined in Section 5.5.1, or
Stock Master file - defined in Section 5.5.2.

2  Printed list of item record details.

Peripherals

1 card reader or paper tape reader
1 magnetic tape unit

1 line printer.
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Run Parameter
Record

or

Part Master File

Master File

Create /Maintenance -~

Merge Function

Master File

System Flowchart
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MERGE Files

Input

1  Two magnetic tape files, both of which may be either:
Demand History - defined in Section 5.5.1 or
Stock Master - defined in Section 5.5.2

2  Run parameter record - defined in Section 5.6.1.

Processing

Normally, file creation is a 'one off' task when preparing files prior to running a system, but, if it is
desired to build up a Master file gradually, the data forming each part of the file may be used to create
a number of part-files.

The merge function will allow any two part-files to be brought together and a single Master file
created in the correct sequence,

A 'merge’' is signalled to the program by giving identical names to both input files and one output file
on the Run parameter record.

Thereafter, each record is read off the input files (after verifying the file names) and written to an
output file. This is given a file generation number one greater than the larger of the input file
generation numbers.

Note: Each part-file must be in ascending item number sequence prlof to using the merge function.

Output

One magnetic tape file (format as input files):
Demand History or
Stock Master.

Peripherals
1 card or paper tape reader
3 magnetic tape units

4046 (9.67) 27



( Data Records
( Function Record

Run Parameter
Record

or

Master File

Master File

Inserted
Records

Create /Maintenance
Insert Function

Master File

List

._./__

System Flowchart
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INSERT Records

Input
1 One magnetic tape file which maj be-either:
Demand History - see Sectibn 5.5.1, or
Stock Master - see Section 5.5.2
Run Parameter Record - see Section 5.6.1.
Function Record, type '31' - see Section 5.6.3.
4 Data Records to correspond to input magnetic tape file (1):
Demand History - see Section 5.1, or
Stock Master - see Section 5.2

Processing

This function is designed to place a new item record in its correct sequence in a master file and is
achieved by comparing item numbers on the input magnetic tape file and function records until the correct
position is found. An updated master file is output together with a printed list of each inserted item
record details.

The input file name is checked against that specified on the Run Parameter record; function record
type '81' tells the program to perform the INSERT function as well as holding the item number of the
record to be inserted.

Each batch of data records pertaining to an item is preceded by a function record and followed by a *99'
record - see Operating Procedures.

Output

1 One magnetic tape file in same format as Input (1):
Demand History or
Stock Master

2  Printed list of inserted item record details.

Peripherals
1 card or paper tape reader
2 magnetic tape units

1 line printer
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(f‘unction Record

Run Parameter
Record

or

Master File

Create /Maintenancet

Amend Function

Master File

Amended
Records

_Master File

List

System Flowchart
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AMEND Fields

Input

1  One magnetic tape file, which may be either
Demand History - see Section 5.5.1, or
Stock Master - see Section 5.5.2

2 Run Parameter Record - see Section 5.6.1

3 Function Record, type '32' - see Section 5.6.3

Processing

Any word or number of words within an item record for either master file may be altered by using
this function.

After verifying the correct input tape label with the run parameter record, each function record item
number is matched against the master file records.

Immediateiy following the item number on the function record is the word number corresponding to the
field within the item record which is to be amended. The function record may contain one or more
pairs of words numbers and field values. .

The word number is used by the program to amend the corresponding field.

An amended master file magnetic tape is output together with a list of all such amendments including
the previous field values.

Output
1  One magnetic tape file in same format as Input (1)
Demand History or
Stock Master,
2  Printed list of each amendment together with old field value.

Peripherals

1 card or paper tape reader
2 magnetic tape units

1 line printer
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/ Function Record

Run Parameter
Record

Master File

Create /Maintenance-

Delete Function

Master File

Deleted
Records

Master File

List

System Flowchart
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DELETE Records

Input

1  One magnetic tape file which may be either
Demand History - see Section 5.5.1, or
Stock Master - see Section 5.5.2

2 Run Parameter Record - see Section 5.6.1

3  Function Records, type '33' - see Section 5.6.3.

Processing

This function simply deletes any required item record from the master file and records the action on
a listing.

After verifying the correct input tape label with the Run parameter record, each function record
(containing the item number of the record to be deleted) is matched against the input file. A magnetic
tape file is output excluding the deleted records. '

Output

1 One magnetic tape file in same format as Input (1):
Demand History, or
Stock Master

2  Printed list of deleted items.

Peripherals
1 card or paper tape reader
2 magnetic tapes

1 line printer
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ﬁ‘unction Record

Run Parameter
Record

Master File

or

Master File Extracted
Create /Maintenance - Rgcords
Extract Function List

Master File

Extracted Master File
Records
System Flowchart
ot o113 1 1 0.000 1 1 0.10 0.00 EACH 01.87 2.142 2 748 28
02 0113 Al 15 PINT BOTTLE BON CHARLIE
03 0113 O 968 687 622 621 618 587 598 60! 628 697 685 627 639 682 691
03 o113 15 600 600 632 600 580 575 510 564 521 610 616 620 635 999999
ITEM NO 0113 INSERTED
ITEM NO 0114 WORD NO 005 AMENDED FROM Al TO A2
ITEM NO 0129 DELETED
ITEM NO 0137 DELETED
ITEM NO 0145 EXTRACTED
ITEM NO 0149 EXTRACTED
ITEM NO 0158 DELETED
ITEM NO 0187 DELETED
I TEM NO 0190 WORD NO 022 AMENDED FROM 2 T0 3
ITEM NO 0196 DELETED
| — el

Figure 7 Master File Maintenance List - Demand History File
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EXTRACT Records

Input

1 One magnetic tape file which will usually be:
Demand History - see Section 5.5.1, but may be
Stock Master - see Section 5.5.2

2  Run Parameter Record - see Section 5.6.1

3 Function Record, type '34' - see Section 5.6.3

Processing

This function is designed to allow selected records from a master file to be extracted and written to

a magnetic tape file. These records are then deleted from the master file. Its main purpose is to allow
item records to be re-analyzed if circumstances warrant this action. After such analysis the extracted
records may be merged with the main file for operational control.

After verifying the input tape label with that on the Run parameter record, the function records are
matched with the input file. Where an item number is matched, the tape record is written to one output
tape file. If there is no match, the input tape record is written to the other output master file.

A printed list of all such extracted items is also output.

Output

1  One magnetic tape file containing extracted item records in format as Input (1).

2  One magnetic tape file containing records -not extracted from the input file (format as Input (1))
Demand History, or .
Stock Master

3  Printed list of extracted item numbers.

Peripherals
1 card or paper tape reader
3 magnetic tape units

1 line printer

Source Language :(for all functions)
PLAN 3
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Field Type
Table Record

or

(Optional)

Stock
Master File

'Skeleton'
Demand

Demand History
File (Optional)

Skeleton History
File Generate

History File

System Flowchart
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Skeleton History File Generate Routine - 342

Objective

To create, or add data to a Demand History magnetic tape file from a Stock Master magnetic tape file
and thus reduce the amount of keypunching required to produce data common to both files, with a
consequent reduction in transcription errors. -

Input
1  Stock Master magnetic tape file - defined in Section 5.5.2
2 Demand History ma.gnetic tape file if common data to be added to existing records in this file, or

3  Field type table records - see Section 5.6.2 - if no Demand History file is present and a 'skeleton'
Demand History file is to be created.

Processing

1 If a complete skeleton Demand History file is required from the Stock Master, a switch is set

via the console, and the program writes a Demand History magnetic tape file containing data
common to both files, namely:

Rem number

Class code
Description

Location code

Unit of measure

Cost price

Sales price

Lead time

Closing stock balance
System marker

Mean absoluté deviation of errors (this is given a value = 1).

The tield type table records contain data used for file maintenance and are present only if no input
Demand History file is present.

2 If a Demand History file is present as input, together with a Stock Master file, no field type table
records are required, as the necessary data would have been entered when the Demand History
file was created.

No switch is set and each item on the Demand History file is matched against the Stock Master file.

Where a match is obtained, a record will be written to an output Demard History file, containing
the original data present on the input Demand History file and the data common to both files (see
above list). If some of this common data was already present in the input Demand History file, it
is overwritten by the corresponding data from the Stock Master file.

Output

Demand History magnetic tape file (see Chapter 2 for a description of the situations affecting the use
of this program).

Peripherals

1 card or paper tape reader (optional)
2 or 3 magnetic tape units

Source Language
PLAN 3
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Item Selection

or

Master

Record File
Record
Master File List
Record List
System Flowchart
1.C.T  SCAN SYSTEM LISTING DATE  01/07/67
DEMAND HISTORY FILE
ITEM NUMBER ottt DESCRIPTION -QTBTS J HAIG
CLASS CODE Al LOCATION CODE 15 UNIT OF MEASURE EACH
COST PRICE 1.992 SALES PRICE 2.)42 ORDERING COST 0.000
LEADTIME 2.00 AVERAGE DEMAND 511.365 STD. DEVIATION OF DEMAND 0.000
DESEASONAL ! ZED FORECAST 267.17M CUMULATIVE SUM OF ERRORS 22.625 STD. DEVIATION OF ERRORS 0.000
SMOOTHED ERROR 15.218 SMOOTHED M.A.D. OF ERRORS 35.938 CLOSING STOCK 963
SERVICE LEVEL GROUP 1 ORDERING INTERVAL 1 INVESTMENT RATE GROUP 0
SYSTEM MARKER 1 C.P.P.R. INCLUSION MARKER 1 SERIES LENGTH 104
FORECAST [INTERVAL 1 FORECAST INTERVAL COUNT o
CYCLE BASE 52 CYCLE BASE COUNT 20
FACTOR ONE 0.10 FACTOR TwO 0.00
SEASONAL FACTORS P FACTOR P FACTOR P FACTOR P FACTOR P FACTOR P FACTOR P FACTOR P FACTOR
1 1,97 2 1,99 3 2,08 4 2.40 5 2,74 6 2,99 7 2.83 8  2.52
9 ‘2.25 10 2.22 11 2.00 12 1.69 13  1.39 14  1.44 15  1.34 16  1.04
17  1.00 18 1.08 19  1.12 20  1.41 21 1.47 22 1.51 23 1.50 24 .57
25 1.78 26  1.84 27  1.95 28 1.62 29 1.5 30 1.57 31 1.49 32 1,34
33 1,34 34 1.30 35  1.15 36  1.20 37 1.06 38  1.07 39  1.33 40 1,19
41 1.82 42 1,14 43 114 44 1,19 45 1,35 46 1,42 47 1.29 48 1.7
49 1.82 50 1.83 51 1.64 52 2.33
DEMAND H{|STORY P DEMAND P DEMAND P DEMAND P DEMAND P DEMAND P DEMAND P DEMAND P DEMAND
1 556 2 s68 3 600 4 700 5 939 6 1100 7 1017 8 8s8
9 802 10 798 11 750 12 ©749 13 633 14 600 15 550 16 350
17 280 18 317 19 323 20 350 21 382 22 395 23 400 24 450
25 576 26 600 27 678 28 600 29 593 30 581 31 550 32 450
33 419 38 439 35 420 36 400 37 415 38 421 39 450 40 500
41 509 42 520 43 509 44 450 45 448 46 500 47 514 48 527
49 550 50 552 st 580 S2 650 53 675 54 677 S5 700 s6 800
s7 772 S8 768 - S9 750 60 718 61 603 62 590 63 500 64 308.
6s 237 66 298 67 287 68 300 69 345 70 360 71 a7s 72 530
73 540 74 550 75 540 76 530 77 540 78 550 79 540 80 409
81 400 82 396 83 380 864 384 8S 386 86 376 87 295 88 347
89 244 90 246 91 378 92 244 93 691 94 190 95 200 96 293
97 356 98 388 99 288 100 $36 101 588 102 594 103 446 104 806 4__—’,_4
o ——— .
Figure 8 Master File Record List - Demand History File
I.C.T. SCAN SYSTEM LISTING DATE 01/07/67
STOCK MASTER FILE
ITEM NUMBER ot DESCRIPTION QTBTS J HAIG
CLASS CODE Al LOCATION CODE 15 UNIT OF MEASURE EACH
COST PRICE 1.992 SALES PRICE 2,142 PURCHASE TAX 0.000
LEAOTIME 2,000 UNIT WEIGHT/TIME 0.000 SET UP TIME 0.000
DISCOUNT CODE 70 ! SUPPLIER CODE 2376 SCRAP FACTOR % o
MINIMUM ORDER QUANTITY 48 - MAXIMUM ORDER QUANTITY o] CYCLE BASE 52
BIN LOCATION 3 SYSTEM MARKER 1 MINIMUM STOCK LEVEL 100
REORDER POINT 2161 REORDER QUANTITY 774 MAXIMUM STOCK LEVEL 2000
CLOSING STOCK 963 FORWARD DEMAND BALANCE 974 PERIOD DEMAND 597
BACKORDERS [} STOCK ON ORDER BALANCE 576 CUMULATIVE DEMAND 6093
CUMULATIVE RECEIPTS 7152 CUMULAT IVE SCRAP o] CUMULATIVE BACKORDERS 9
RECE IPTS COUNT 12 STOCK-0UT COUNT 1 NON-MOVE COUNT (0]
——

Figure 9 Master File Record List - Stock Master File
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Master File Record List Routine _ 343

Objective

To permit inspection of one, or more, selected item record details from either
the Demand History magnetic' tape file, or
the Stock Master magnetic tape file.

Input
1 Demand History magnetic tape file - see Section 5.5.1, or
Stock Master magnetic tape file - see Section 5.5.2

2 One, or more, punched cards (or paper ta.pe blocks) with the item number punched in the first
16 columns - see Section 5.6.4.

Processing

Selection of the appropriate magnetic tape file is by console instruction (entry pomt)

Item numbers in the punched medium must be in the same sequence as those in the master file.
When a match is obtained between item numbers, the record details are printed.

After the last card (or péper tape block) is processed the input file is rewound.

Output

Printed report of selected item details
1 per page - Demand History file

4 per page - Stock Master file.

Peripherals
1 card or paper tape reader
1 magnetic tape

1 line printer.

Source Language
PLAN 3.
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ANALYTICAL ROUTINES ) 35
Stock Profile Analysis Routine ' 354

Objectives

To examine the historical demands for each inventory item and determine a recommended minimum
* time interval at which a forecast should be made, based on frequency of movement.

To evaluate for each item, total average annual sales value current stock value and average annual
marginal value.

To provide a 'profile’ of the total inventory wil;hin each recommended forecast interval.
To provide an entry point to the ABC Analysis routine see Section 3.5.2.

Input
1  Stock Profile Parameter Record
Four parameters are required for this record:
Selective listing
Frequency table
Profile Results

Currency unit.

Selective Listing parameter I this parameter is set, only those stock items with a movement

frequency greater than or equal to the equivalent value of the parameter will be outout on the Stock
.Profile list. The value of this parameter is the selected forecast interval. K set to 27 or over, all
stock items will be listed; if zero, the list is suppressed.

Frequency Table parameter: K this parameter is set to '0' the four unit totals together with the
frequency table, as illustrated by Figure 10, will be accumulated and output in addition to the
Stock Profile List.

If set to '1', the Stock Profile List only will be printed according to 'Selective Listing' above.
Profile Results parameter: K this parameter is set to '0', no Profile Results magnetic tape file
is produced.

If set to '1', the Profile Results magnetic tape file is output.

Currency Unit parameter: This is used as a literal for printér output, e.g. £ or FR.
2 Demand History Magnetic Tape File - see Section 5.5.1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>