Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



COMPUTER SIMULATION
OF THE

WOOL SALE ROSTER

A Thesis Presented in Partial Fulfilment

of the Requirements for the Degree

Master of Agricultural Science
in
Agricultural Economics and Marketing
at

Massey University

by
Rodger John Mortleman

May, 1972



ACKTOWLEDGEMENTS

Primarily, I wish to thank my supervisor, Dr. W.R. Schroder, for
so willingly giving his assistance, time, and encouragement throughout
the course of this study.

My gratitude extends to members of the Massey University Computer
Unit for their invaluable aid, and unlimited tolerance, over the programme
development stages.

Financial assistance provided by the New Zealand Wool Board for this
study is gratefully acknowledged. I should like to thank Mr. J.D. Fraser,
Manager of the Wool Board, for the information he proyided, and his interest
and suggestions, during the study.

Finally I wish to express my appreciation of the efforts of Gail Ring
in typing and proof reading this thesis, and for her suggestions and encourage-

ment over the later stages of the study,



CHAPTER T

CHAPTER II

2.3
2431

TABLE OF CONTENTS

INTRODUCTION:

New Zeland Wool Production and Disposal
Wool Marketing in New Zealand

The Auction System in New Zealand

The Auction Sale Procedure

Efficiency of the Auction System

The Wool Sale Roster

Drawing Up the Roster

Restrictions in Rostering

The Performance of a Wool Sale Roster
Changes to the:Roster

The Rostering Problem

Objectives of the Study

Thesis Guide

THE WOOL SALE ROSTER PROBLEM AND APPROACHES TO

ITS SOLUTION

The Rostering Problem

Outline

Wool Arrivals for Auction

Rostering Constraints

Performance of.the Roster

Summary

Operations Research : A Brief Description
Conflicting Goals

A Mathematical Representation of the Problem
The Mathematical Model

Methods of Analysis

Page

-

W OWw N F

11
12
14
15
16
17

19
T2
19
21
25

35
37
41
41
L9



2olie
2.ka2
2.443
2ol oy

CHAPTER IIT
3.1
3.2
Je2al
DaZa2
3243
5e3
34541
Je302
3e3e3
Jedek
JeJad

-Ji.

(€]

Skt
Selye2
Selia3
Jeliale
3eliab
345

551
3¢5.2
34543
Se5ek
3.6

34601

The Inventory Model Approach
The Queuing Model Approach
Dynamic Programming

Simulation

THE SIMULATION PROGRAMME

Contents

Estimation and Computer Input of Data
Estimation of Wool Arrivals

Computer Input of Wool Arrivals

The Feasible Sale Days

Rostering Restrictions and their Programming
The Sale Size Limits

The Between Sale Within Centre Restrictions
The Minimum Closing to Sale Date Period

The Between Sale Between Centre Restrictions
Infeasible Day Restrictions

Performance Parameters in the Programme
Pre-5ale Wool Storage

Bales Held Over

The Average Period Between Closing and Sale Dates

The Number of Single and Double Sales
'Monday' Sales

Other Featufes of the Computer Programme

Sale Sizes h

Double Sales

More than One Feasible Sale Centre on any Day
The Single/Double Sale Decision Procedure
Rosters for ‘the 1971/72 Season

Programme Rosters

Page
L9
50
Y

57
57
o
59
60
61
61
62

63



Page

5:6.2 Adjusted Rosters 82
3e6e3 Within Centre Performance Variability 8l
5e7 Summary 87
CHAPTER IV EXPERIMENTATTON WITH THE MODEL 89
Lot The Purpose of Experimentation : Data Used 89
P Experimental Year Data 91
4.é Increasing the Rate of Sale of Wool at Auction 92
Lae2.1 Means of Varying Sale Size Limits 93
ho2ul Varying Sale Size Limits : Results and Conclusions 96
baS Alteration of Wool Handling Rates in Wool Stores 98
Le3e1 Means of Varying Handling Rates 99
b 5a2 Varying Handling Rates : Results and Conclusions 99
Ll Simultaneous Variation of Both Sale Size Limits

and Handling Rates 101
Lalpa Means of Varying the Selling and Handling Rates

Simultaneously 102
L2 Varying Sale Size Limits and Handling Rates :

Results and Conclusions 103
L5 Increasing Only the Upper Sale Size Limits "107
451 Achievement of the Limit Changes . 107
haS5.2 Results for the Expansion of Sale Size Limits 108
4.6 'Monday' Sales 109
L.6.1 Results of Runs 110
L.7 | Reducing the Number of Auction Centres 111
Le71 Results of the Run for Less Centres 111
4.8 An Even Rate of Sale of Wool 112
L.8.1 Results for a Run Rostering All Single Sales 113
4.9 Experimentation with Different In-to-Store

Arrivals Estimates 115
L.9.1 Results for Experimentation Using Lower

In-to-Store Arrivals Data 115



4.10

hotl

412

CHAPTER V

BIBLIOGRAPHY

APPENDICES

A .

A1

A2

A3

A5

Experimentation with the NETT : 100 Decision Rule
Results for the NETT : 100 and NETT : O Runs
Non-Conforming Rosters

Summary

CONCLUSIONS

Approximations and Model Validation

Approximations in the Model

Model Validation With Regard to Restrictions
Performance of Model Generated Rosters

Real World Applicability of Model Generated Rosters
Experimentation With the Model

Results

Value of the Study

The Computer Programme
Alphabetic Listing of Variables
DISKIM

DISKMM

Record and Retrieve Subroutines

BEGINM

Page
118
119
122

125

125
125
126
127
128
130
130

152

134

136
157
142
145
147

149



A6

A7

A8

A9

A10

A1

B

B2

B3

G4

c2

INTTNM
STARTM
INDMCM
SELLEM
PARAM

Additional Programming

Data Used

"Unweighted Average" Cumulative Wool Arrivals Data
"Weighted Average" Cumulative Wool Arrivals Data
Correction Factors for "Corrected Average" Data
Infeasible Sale Days - 1971/72 : All Centres
Regional Anniversaries - 1971/72

Cumulative Wool Arrivals Data Used for Experiment-

ation

Rosters
Ad justed Rosters for the 1971/?2 Season

Example Programme Roster

Page
151
153
155
157
164

167

169
170
172
174
175

176

77

179
180

183



Table

11

ZaA
S
5.2

3¢5

By

4.8
4.9
4.10

4.1

LIST OF TABLES

The Marketing of New Zealand Wool

Distribution of Lot Sizes Sold at Auction -

(1964/65 Season)

The Relationships Between Rostering Goéls

The Between Sale Within Centre Restrictions
Programme Rosters for "Corrected Average" Data

Programme Rosters for "Unweighted Average" and
"Weighted Average" Data Sets

Adjusted Rosters for the 1971/72 Season
Inconsistencies Within Centres
Individual Centre Performances

Minimum Lot Sizes and Sale Size Limits
Parametric Variation of Sale Size Limits

Parametric Variation of Between Sale Within

Centre Restrictions
Trends in Performance Parameter Values
Parametric Variation of Two Restrictions

Parametric Increases in the Upper Sale Size

Limits Only

The Results of Runs with Varying Restrictions
on 'Monday' Sales

Performance with Less Centres
Results for a More Even Monthly Sale Rate

Results for Different Wool Arrivals Estimates

Experimental Results for NETT : O and NETT : 100

Decision Rules

Page

14
38
62
80

81
82
85
86
I
96

100
102

104

108

110
111
113
116

120



LIST OF FIGURES

Figure ' Page

24t Graphical Representation of the Mathematical Model :

One Centre ' 42
2.2 The Inventory Approach : One Centre 49
2D Stages in Dynamic Programming 52
24 The Number of Feasible Rosters 55
i P Vool Storage Estimation : One Centre 66
%2 Estimation of Bales‘Held Over : One Centre 69

3.3 Estimation of the Closing to Sale Date Period :
One Centre 72

3.k The Single/Double Decision Procedure 76

L. Rostering for an Even Rate of Sale 114



CIAPTER T

INTRODUCTION

171 New Zealand Wool Production and Disposal

New Zealand is the third largest producer, and second largest
exporter, of wool in the world. Over the past thirty years New Zealand's
wool production has more than doubled. Since 1967/68, however, a marked
decline has occurred in the rate at which wool production was increasing.
This decline may be attributed primarily to present economic and managerial
advantages of expanding beef production, rather than sheep production, in many
parts of the country.

Wool provides an important source of export earnings for New Zealand.
Wool exports in 1970, valued at $204.5 million, constituted 19% of the total
New Zealand earnings from export produce.1 This places wool third in import-

ance, after meat and dairy produce, as an export earner.

The bulk of the New Zealand wool clip is sold at auction in New Zealand
and exported in the greasy state. The major markets for New Zealand wool are
the United Kingdom, the U.S.A,, Japan, Belgium, France, Italy, and the U.S.S.R.

Local mill purchases take only a small proportion of the wool clip.

1.2 Wool Marketing in New Zealand

In New Zealand there is no controlled marketing of wool. Growers may
market their own individual clips at auction in New Zealand or the United
Kingdom, or they may sell their wool privately. The major proportion of
the clip is sold at auction in New Zealand.

When growers sell their wool at New Zealand auctions they are assured

1. Source: Department of Statistics (3), p.567.
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of at least receiving the floolr price for their wool, through the operation
of the floor price scheme administered by the New Zealand Wool Commission.
Provision also exists for the application of floor price protection to wool
sold privately, provided certain conditions are met. Growers caﬁ put their
own reserves on their wool offered at auction, and fhey can withdraw the wool
from sale and offer it later. Reasons for only a limited amount of New Zea=-
land wool being sold by auction in London include the delay in receipt of
payment, and the general convenience of supplying local sales. Private
selling has developed very strongly from the 1968/69 season. The proportions

of the seasonal clip sold through the various marketing channels are given in

Table 1.1 below.

TABLE 1.1 THE MARKETING OF NEW ZEALAND WOOL
Percentage of Total Production
Method of Sale

1967/68 1968/69 1969/70 1970/71
New Zealand Auction 75.14 71 .04 68,69 66,07
United Kingdom Auction 0.27 0.27 0.28 0.22
Private Sales 7:99 10.91 1547 15.91
Others™ 16,60 17.78 17.86 17.90
Total 100.00 100.00 100,00 100,00

z Composed largely of slipe wool but includes sheep skins and stock changes

also.

Source: Primary data from New Zealand Wool Commission (6), p.11.

Table 1.1 above indicates that the importance of the New Zealand wool
auction outlet is declining.
increases in private selling.

proviles a means of sale for about two thirds of the clip.

Most of this decline is being taken up by

However, the auction of wool in New Zealand

Unless private
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selling, or, some other means of disposal, can accomodate this two thirds of
production the New Zealand auction system will retain a major marketing role.

Because of the variability in wool offerings buyers require that wool
pe available f'or appraisal prior to auction. This appraisal function of the
auction marketing system could become redundant if one (or both) of the foll-
owing technological changes occurred. These are:

i. if manufacturing techniques for wool develop such that
variability in the fibre characteristics of wool become
ofllittle disadvantage, or;

ii. if a practical means of grading wool fibres into acceptably

homogenous lines becomes available (homogeneity of a degree

sufficient to satisfy manufacturers).

Either, or, both, the required changes above would favour the introduction of
an industrial system of mafketing for wool; a system wnereby samples of wool,
with specified prices, would be presented to manufacturers, Otherwise,
samples2 could be made available to buyers for evaluation, in lieu of the
present method of appraisal. In this situation the auction system could
retain its function as a pricing system but lose its function as a means of
wool appraisal.

These technological changes are likely to develop and effect the future
of the auctioning system. The rate at which these technologies develop may
determine how long the auction system remains.

At present the New Zealand Wool Marketing Corporation is being estab-
lished, following recommenda£ions made by the Wool Marketing Study Group (10),
the Wool Marketing Committee (9), and, the Battelle Report (2) on wool market-
ing in New Zealand., The policies of the Corporation are not known as yet.

To obtain wool the Corporation could buy privately, buy at auction, or operate

an acquisition scheme (as does the Dairy Boafd). The Caporation could sell

2. Some wool is appraised on a sample basis at present. The situation
referred to implies that all wool is appraised on the basis of samples.
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wnool to buyers and merchants in New Zealand, and/or, directly to overseas
merchants and manufacturers, and/ar, through the auction systen.
In conclusion, the immediate future of the auction system cannot be
assessed at this stage; the most important controlling factors are the

policies decided on by the New Zealand Wool Marketing Corporation.

i The Auction System in New Zealand

13«17 The Auction Sale Procedure

There are eight wool auction selling centres in New Zealand; four in
tae North Island (Auckland, Napier, Wanganui and Wellington) and four in the
South Island (Christchurch, Timaru, Dunedin and Invercargill). A roster of
wool auction sales, for each season, is drawn up by an official body called
the Wool Auction Sales Committee, The roster prescribes dates for the sales
a% each centre and the quantity of wool to be offered at each sale, Teams of
buyers in the North Island and South Island, totalling about eighty buyers,
travel from selling centre to selling centre,

The roster of New Zealand wool sales covers a series of winter sales
in August3 as well as main sales starting at the end of September and finish-
ing in June. At the winter sales most crutching wools are sold; also any
early shorn wool available at the time,; and any wool left over from the prev-
ious season.

Wool producers sort their wool into lines with some semblence of homo-
gengity and press it into 145 - 160 kilogfam bales in the shearing shed.

They may skirt, and/or, class their wool in the shearing shed, or, arrange

for a wool broker to do this. Wool brokers are firms that prepare, handle,
and offer producers' wool for auction (or for private sale). Growers brand
their bales with their identification mark, description of contents, and bales

are numbered consecutively. Transportation of wool to their broker, at the

3, Winter sales form part of the roster but. are not considered in the roster
problem. They do not effect the rostering of main sales. Main sales
are rostered on the basis of estimates of new seasonal wool arrivals.
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centre where their wool is to be auctioned, is arranged by the producer,
At this time any instructions for the broker regarding preparation of his
wool are given.

Producers usually send their wool to their broker immediately after
shearing. One possible reason for this is the belief that there is a down-~
ward trend in prices over the season. The main reason is probably because
producers are foregoing interest on the value of unsold wool.  Because
different wool types are shorn at different times of the season, the quantit-
ative comﬁosition of wool types being offered at auction varies over the-season.

On arrival at the wool brokers store, bales may be separated for specific
pre-sale operations, to be carried out by the broker, as instructed by the wool
producer, Pre-sale optional operations carried out are important determinants
of labour and time requiremgnts of brokers. The most important of these
optional operations are binﬁing, reclassing, skirting and interlotting. About
L% of wool offered at auction sales in New Zealand is binned or reclassed by
brokers. This proportion varies between auction centres from around 20% in
Wanganui to about 50% in Christchurch.h

Because the bulk of the National wool clip is shorn before Christmas,
there is a rush of wool into brokers' stores between the beginning of the main
selling season in October and the end of December. Brokers adopt a system of
"first into store first into sale". This is necessary because of the time
required to prepare wool for auction by brokers, and, because of a quantitative
upper limit on the wool that can be sold at individual auction sales.

Wool brokers and wool buyers are parties to agreed regulations co}ering:

£ the procedure for display of wool,

ii, the sampling of wool by buyers,

iii. the auction sale rules,

iv. the after-sale procedure regarding confirmation of

purchases and rebranding of bales for export,

Ve documentation,

L. Source: New Zealand Wool Commission (6), p.18.
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vi, shipping instructions and payment for wool purchases,

vii. the Press market reports of each sale.

Daylight lighting is required for wool displayed for sale by auction.
Bales are displayed in brokers' wool stores to which buyers are given access
for valuation. A limited number of bales are opened to allow inspection.
Wool brokers and buyers regulations cover the stacking of bales, and, the
proportion of each lot to be opgned. Bales opened for inspection must be
rzpresentative of each lot, to the best of the broker's knowledge.

The rules settled between wool buyers and wool brokers provide that
wool must be displayed for valuation by the buyers during an agreed number of
days prior to the sale, Brokers supply buyers with catalogues in which they
can mark their wvaluations for lots to be offered for sale. Hence buyers are
ready on the sale day to compete in their bidding for lots offered. Brokers
also make valuations of wool before the sale and generally communicate their
valuations to the producers. Producers may then instruct brokers to place
a reserve price on their wool.

Wool auction sales in New Zealand are legally public auctions but are
attended only by recognised wool buyers.i.e. firm representatives resident in
New Zealand, who buy wool at the sales in fulfilment of orders of their prin-
cipals, or, on their own behalf., Seating is arranged suitably for the buyers
at these auction sales, the seats being allocated at the beginning of the sea-
son by the Wool Brokers' Association on the basis of quantities of wool pur-
chased during the previous three seasons.

After the sale, bales *hich were opened for the purpose of display are
sewn up and countermarking requested by buyers is put on the bales. Space
in ships is booked to ensure prompt shipment of wool overseas. Buyers pay
for their purchases on or before "prompt date", that is, eighteen days after
the sale.

In summary the wool buyer's function consists of-inspecting and valueing

wool, bidding for it at auction, arranging for payment for purchases, and the
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despatch of wool purchased. The wool buyer is the major link between the
aﬁction for wool and the raw wool user.

Wool Commission activities at auction effect the auction system in
two ways. Firstly there is an effect on demand due to Commission bids
operated on the floor price scheme.,K Secondly, the re-offering of any stocks
of wool accumulated by the Commission effects supply.

Insofar as the roster problem is concerned Commission activities are
not important. The Commission may offer stocks at any auction where these

5

offerings do not increase the sale sizes to unmanageable levels. Rosters
are made before the season commences so little consideration can be given to

demand shifts over the season.

1.%.2 Efficiency of the Auction Systenm

Two criteria which may be used to establish the efficiency of any
marketing system are:

1. ef'ficiency as a pricing system,

ii. efficiency as a distribution system.

A marketing method which is efficient from a pricing point of view is
one in which consumers' wants are accurately transmitted to producers by the
pricing mechanism. The Wool Marketing Committee (9) pointed out that the
auction sale system for wool has inefficient aspects from this point of view.
Short-term wool price fluctuations, and lack of consistency in the prices of
individual wool types, do not give an accurate indication of consumer demand
to growers.

A marketing system which is efficient from a distribution point of view

5. Overrostering (see Section 1.4.1) occurs. Overrostering provides some
flexibility to auction sale sizes, allowing the Commission to offer
stocks if they wish.

6. The Wool Marketing Committee (9) agreed that "the major cause of fluct-
uation in raw wool prices is demand for, rather than supply of, wool".
The effect of the roster on wool prlces, in that it suppllea wool to the
market, is not considered important.
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is one in which goods are moved from producer to consumer at minimum cost.
While the wool auction sale system effectively disposes of two thirds of the
national wool clip, it forms part of the distribution system described by the
Transport Department (5) as being "fragmented and costly". The Wool Market-
ing Study Group (10) pointed to areas in which further cost savings could be
made. |

However, the Wool Marketing Committee (9) observed that before the
wool auction sale system could be abandoned, there must be clear evidence of
a method, better suited, for the sale of some 1,600,000 bales of wool per annum.

The continuation of the auction system, in a major wool marketing funct-
ilon, depends on whether a more efficient marketing system can be introduced.
Inefficiency of auction selling as a pricing system is the major disadvantage
of this system. The floor price scheme, operated by the Wool Commission, was
aimed at improving this aspect of efficiency. Partly because of the limited
success of the floor price scheme, the Wool Marketing Corporation (see Section
1.2) is being set up. Insofar as the roster is concerned, proposals to
improve the pricing efficiency of the auction system are not important. The
reason for this lies in the belief that demand, not supply, is the important
determinant of wool prices and wool price fluctuations.

Proposals aimed at improving the auction system in its distribution
function do effect the roster; Most of these proposals effect the rostering

9

constraints. Sale by aample,7 dense baling,8 containerisation,” and unitis-

ation,10 have implications in terms of the time constraints in rostering.

7. Sale by sample involves presenting wool samples for inspection by buyers
rather than stacking bales in their respective lots and opening some of
them.

8. Dense baling involves pressing wool into dense units. These bales can=-
not be opened for buyer inspection. Therefore dense baling must be ass-
ociated with sale by sample.

9, Containerisation involves packing and shipping wool bales in containers.

10. Unitisation involves combining a number of bales into one unit for greater
eas2 of handling. The bales of the unit may be held together by wire or
steel straps. )
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The proposal that the number of selling centres be reduced would require vast
changes in the roster format.

Attempts to improve the efficiency of the auction system by introducing
one or more of the proposals discussed would produce associated changes in the-
roster format. The extent of these format changes, and the change in effic-
iency of the auction system, should be accurately evaluated before any proposal

is implemented.

1.4 The Wool Sale Roster

The wool sale roster is perhaps the most important component of the
auction system. The roster effects every party involved with the auction
system; therefore it effects many important performance parameters11 of the
system. Furthermore the roster is one of the most flexible components of the
wool auction system. This flexibility makes the roster amenable to alterat-
ions and adjustments aimed at improving the performance of the auction sales

procedure as a marketing system.

1e4+1 Drawing Up the Roster

The wool sale roster is drawn up by an official body named the Wool
Auction Sales Committee. The composition of the Committee is:
Three members nominated by the N,Z. Woolbuyers' Association
Three members nominated by the N.,Z. Woolbrokers' Association
Two members nominated by the N,Z. Wool Board
One member nominated by the N.,Z. Wool Commission
One member (without vote) to be Chairman of the Committee
A Sub-Committee, (composed of representatives of the wool brokers, the

wool buyers, the Wool Board and the Wool Commission), has the function of

" 11 . Performance parameters represent goals, or, objectives, of individuals
or parties. Measurement of performance parameters,measures the extent
to which these goals are fulfilled, (see Section 1.4.3).
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drawing up tentative rosters foF submission to the Wool Auction Sales
Committee. This Sub-Committee has six members.

Before a roster can be formulated, estimates of expected wool arrivals
for each centre must be made. The auction sales roster for the 1969/?0 sea-
son, originally drawn up by the Wool Auction Sales Committee in November 1968,
was revised by the Committee in May 1949 in thé light of amended estimates
of the quantities of new clip wool likely to be available in the eight selling
centres throughout the season. Due to inaccuracy in the quantities offlered
for sale, compared to new clip wool actually available for sale, the system
for rostering has been altered. TFuture rosters will set firm quantities
for the first half of the season only. Tentative gquantities will be given
for the remainder of the season; and will be reviewed in mid-season.

The estimates of quantities of wool rostered for sale, when the roster
is drawn up, need to be reasonably close to what will actually be offered at
sale because:

i. shipping space for wool is made available (booked) according

to the wool sale roster., Hence inaccuracies in estimates

result in excess, or, deficits in, shipping capacity flor each

sale,

ii. buyer dinconvenience is caused by inaccurate rostering.

Generally the Wool Auction Sales Committee overrosters in most centres,
i.e. the amount of wool rostered for sale exceeds total seasonal arrivals.12
Overrostering provides both brokers, and the Wool Commission, some flexibil-
ity in their operations.

The current sales programme is known in the trade as a two-island
roster. It requires buying firms to have buyers for each island. This type

of roster has proved flexible in meeting current demands and, particularly,

12. The 1970/71 roster (as amended August, 1970) rostered 1,435,000 bales
for auction from September. Total arrivals for that season (excluding
winter sales) numbered 1,305,000 bales. Total rostered/total arrivals

- equals approximately 1.1. i.e. overrostering by about 10% occurred.
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in ensuring that there is no undue delay in the early part of the season in

scheduling sales where there is wool awaliting sale.

1.4.2 Restrictions in Rostering

Five basic restrictions must be considered when rostering wool sales.
These restrictions are required in the roster by buyers and brokers so as
they may fulfill their functions in the auction system without undue hardship.

Lower sale size limits are required to give a full days auctioning.
Upper sale size limits keep the sale to a manageable size. The sale size
limits are determined by the rate of selling wool and the length of the sale.
The auction selling rate is generally between 300 - 350 lots per hour. Sales
comience at 8.00 a.m., and finish at about 6.00 p.m, Wool auction sales may
be either single or double sales. Single sales comprise one auction day;
double sales are held over two auction days.

There are time restrictions on the minimum period between sales in
a centre. A minimum period is required to allow brokers to break.down the
Previous sale and prepare for the next sale. The sizes of these periods
depend on the sizes of the two sales and the amount of preparation required
for wool that is arriving in brokers' stores.

~ Brokers give notice of closing dates for sales. The closing date is

the last day that new wool arrivals will be included in the next sale. A
minimum value for the closing to sale date period is required to allow late
arrivals to be processed and presented for appraisal by buyers prior to auction.

Buyers require minimum periods between sale dates in the same and diff-
erent Islands. The within Island restriction allows buyers to organise shipp-
ing arrangements for purchases, to communicate with principals and associates,
and, to evaluate wool being offered at the following sale. The between
Island restriction is required by buyers for similar purposes though they
seldom attend sales in different Islands.

The fifth basic restriction is that sales must be held only on trading
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days. This excludes weekends and public holidays. .A Christmas break is

included in this restriction.

1e4.3 The Performance of a Wool Sale Roster

The performance of a roster is some measure of the degree to which the
roster fulfils the goals of parties involved. Due to areas of conflicting
interest, however, a roster considered to have a.high performance by one party
may be considered of low performance by another party. Furthermore, a roster
may be regarded as having high performance with respect to one goal of an
individual (or party) and low performance in terms of another of his goals.,
Generally it is easier for an individual (or individual party) to compromise .
his (or its) conflicting goals, and arrive at a decision, than it is flor more
than one individual (or party). The problem of compromisation, between the
conflicting goals of parties devising the roster, detracts from the use of
optimising analytical techniques for the roster system.13

The wool producer would consider a high performance roster as one
wnhich sold his wool as soon as possible and at a good price. For some pro-
ducers the wool cheque is the first source of revenue after winter, and may
be required to meet operational expenses.

The wool broker wishes to shift as much wool as possible without
extensive peak handling periods. Peak handling periods emtail high costs
of overtime work. They are caused by pre-sale rushes of wool arrivals and
post sale shipping rushes.

Wool buyers need time to evaluate potential purchases and attend sales.
Their main costs are in travelling and accommodation. Time is required after
sales to organise the disposal of purchases.

The roster effects the activities of the Wool Commission in two ways.

Firstly the roster effectively supplies wool to the market, and therefore has

13. The problem of conflicting goals is expanded in Section 2.2.1.
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implications to the floor price scheme, Secondly, stock offerings by the

Commission must fit in with the roster. Stock offerings at a sale must be
such that the resulting sale size is within prescribed limits.

The Wool Board-acts in a co-ordinating function. Their aim, as represent-
atives of producers, is to co-ordinate the system so as to minimize costs due to
peak handling periods, yet sell.wool at a rapid rate over the season. Shipping
must be well organised to keep shipping and wool handling costs down.

In attempting to fulfil these objectives, the Wool Auction Sales
Committee devises rosters which tend to have a monthly pattern of single
sales. i.e. a single sale is held each month in each centre. The pattern
cannot be rigidly adhered to because of holidays and diffeerences in wool
arrivals in different centres; smaller centres may not have enough wool for
monthly single sales, whereas in larger centres so much wool may accumulate
that a double sale must be held.

From the goals of the parties involved, a list of performance parameters
for the roster can be drawn. The performance parameters are:

1, the accuracy of the forecasts of gquantities offered at sales,

ii, the length of time bales are held in store prior to being sold,

iii. +the storage requirements for wool,

iv. the extent of peak handling periods caused by the roster,

Ve the time buyers have for wool appraisal, and disposal of purchases,

vi. the ease with which shipping can be made available,
In the list above many of the performance parameters are seen to be interrelated.
The length of time bales are held in store prior to sale, obviously determines
pre~-sale storage requirements, The ease of organising shipping is related to sale
size forecasts, and peak handling periods, Further in the study these performance
parameters are made more specific to remove some of these interrelationships.
Performance parameters relating to wool pricéé are not included in the list.

The reason for this is the belief that the roster plays only a limited role
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insofar as wool prices are concerned. b

1444 Changes to the Roster

Proposed changes to the auction system could produce significant
changes in rostering. Most of these changes would be reflected in alterat-
ion of the rostering constraints.

Proposals that would improve the distribution efficiency of the auction
system would often allow the minimum period between two sales to be reduced;
less time may be required to set up and break down sales.

A study conducted by Peirse and Beggs (7) indicated that advantages
would accrue in terms of wool handling and wool prices if smaller lot sizes
were abolished from the auction system. The average lot size at auction is
important in that the rate of selling wool (in bales per day) is limited by
the rate of selling lots. If the rate of selling lots of wool was constant,
then the rate of sale of wool at auction would be directly dependent on the
average lot size.

Peirse and Beggs give a broad distribution of lot sizes over the 1964/65

TABLE 1.2 DISTRIBUTION OF LOT SIZES SOLD AT AUCTION - (1964/65 SEASON)
Lot Size Number of Percentage Number Percentage of
Lots of Total Lots of Bales Total Bales
1 - 6 64,360 48.8 287 4747 21.8
7 = 10 31,618 23.9 260,368 ; 19.9
1 - 15 16,166 12,3 204, 714 15.8
16 = 20 T:313 55 129,705 9.8
21 - 25 4,949 3.8 | 114,805 8.7
26 & over 7,610 5.8 315,036 24,0
TOTALS 132,016 1,312,375

Source: Peirse and Beggs (7), p.1.

14. For further discussion on this point see Section 2.1.k.
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Assuming that the rate of selling lots is independent of lot size it
can be seen from Table 1.2 that 48.8% of the selling time is taken to sell
21.3% of the wool offered at auction by the 1 - § lot size class. At the
other extreme only 5.8% of the selling time was required to sell 24% of the
bales. Abolishing smallerllots would probably increase the average lot size.
This would mean that more wool could be sold in a days auctioning. The
result on the roster would be to increase the sale size 1limit restrictions.

At present there are eight selling centres in the roster, It has
been argued that this number could be decreased, to economic advantage, by
removing some of the smaller centres. Such a proposal has important implicat-
ions for parties efflected by the roster., Producers in areas where centres
were abolished would incur higher transport costs for their wool.,  Average
brokerage costs may decrease due to economies of scale., Wool buyers would
have less centres to attend sales in. Shipping could probably be organised
more easily. However, as thé quantity of wool channelled through a centre
increases, more peak handling periods, and higher storage costs, are likely to
occur. Because of all these factors, a full investigation into the performance
o the auction system with less centres is required before such a proposal is
implemented.

To facilitate the organisation of shipping an even monthly disposal
pattern for wool could be introduced. This proposal could improve the
operational efficiency of wool brokers and buyers but may incur higher wool

storage costs. The roster would change in format, from tendencies to maximise

monthly wool disposals, to a format promoting an even monthly disposal rate..

1iaD The Rostering Problem

Devising feasible wool sale rosters is time consuming, due to the
restrictions that must be observed. Furthermore, rosters may be feasible
but not acceptable. An acceptable roster must satisfactorily fulfil the
gonls of parties effected by it. It is difficult to devise acceptable rosters

due to the problem of conflicting goals (see Section 1.4.3).
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Different feasible rosters vary in their performance for different
goals, It would be desirable to devise a great range of feasible rosters
from which one can be chosen by the Wool Auction Sales Committee. At
present, rosters are devised by a Sub-COomnittee of six members. The time
required to draw up feasible rosters limits the range that can be produced.
Consequently only a limited range of rosters can be studied and modified to
find one which is satisfactory. Because of this limited range much time
nay be used to modify rosters. If a wider range of rosters was made avail-
able, then it is likely that one of these would be accéptable with little
modification.

Due to the time required to draw up feasible rosters, and additional
time that would be needed to measure performance parameters of the roster, no
measures of performance parameters are made. In accepting a roster the Wool
Auction Sales Committee must appraise the performance of the roster; but this
appraisal is not in quantitative measures of performance parameters. However,
guantitative measures would improve the appraisal function.

Farthermore, the present system of devising and evaluating rosters
makes it very difficult, and, time consuming, to evaluate the perforumance of
the roster sub-system for new roster formats; formats which would result

from the introduction of proposed changes to the auction system.

446 Objectives of the Study

The main aim of the study was to devise a means of generating a wide
range of feasible rosters. It was imperative to observe the rostering
restrictions, and, desirable to measure the performance parameters of each
roster quantitatively. The advantages of producing a wide range of feeasible
rosters, each with a measured s_e{: of performance parameters, have been explained
in the previous section., _

Because of the number of restrictions and performance parameters in
the rostering problem, and the number of rosters required, it was felt necess-

ary to use a computer. Consequently a representative mathematical model of
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the roster sub-system had to be devised. TFormulation of a representative
mathematical model of the roster sub-system requires that all components of
ﬁhe system be included in the model. Variation of the action of the system's
components, or the relationships betweep components, makes experimentation
with the model possible. Consequently, in fulfilling the main aim of the
study, a means is provided by which the performance of the roster sub-system

can be studied for proposed changes to the auction system.

Tal Thesis Guide

In Chapter II a full description of the rostering problem is given in the
broad categories of wool arrivals, constraints and performance parameters.
Within these categories assumptions and refinements are made to establish
components and relationships of the roster system. A description of operat=-
ions research is given with special emphasis on the problem of conflicting
goals, Following this a mathematical model of thé rdster sub-system is
devised, and techniques of analysing the roster problem, by means of the
mathematical model, follow.

Chapter III presents the computer simulation model and its validation.
The estimation and computer input of wool arrivals is described initially.
This is followed by the specifications for rostering restrictions, and their
inclusion in the programme. Performance parameters measured by the model,
and decision making processes of the model, are described next. TFinally, a
range of rosters, based on three sets of wool arrivals estimates, and varying
model decision rules, are presented. These rosters are for the 1971/72 season;
they are compared to the actual roster devised by the Wool Auction Sales
Committee for that season.

In Chapter IV experimentation with the model is carried out to evaluate
the effect of proposed changes to the auction system on the performance param-
eters of the model. The layout for each experiment conducted is as follows.
Firstly, the implication of the experiment, in terms of proposed changes to

the auction system, is discussed. Then the results for the experiment are
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presented and conclusions drawn. Further in the Chapter the sensitivity
of the experimental results under conditions of changing wool arrivals and
decision processes is studied. Inconsistent rosters are discussed, and
finally a summary of the experimental results is presented.

Chapter V presents the conclusions drawn from the study. Initially
the validity of the model, and model produced rosters, is discussed. Experi-
mental results and policy suggestions are presented next. Finally a summary
of the usefulness of the study in view of future changes to the wool marketing

system is presented.
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CHAPTER IT

ThE WOOL SALE ROSTER PROBLEM AND APPROACHES TO ITS SOLUTION

2 The Rostering Problem

2.1.1 Outline
The problem to be solved is that of rostering wool sales for the eight
selling centres throughout the auction season. Consideration must be given
to constraints on the timing and sizes of sales. Interaction of these con-
straints with wool arrivaels deternines the formulation of rosters, For each
different roster that can be formulated within these constraints, for the same
estimates of wool arrivals, there is likely to be a different relative perform-
ance, as measured by the goals in rostering., Hence there are three areas to
look at iIn the wool rostering problem. These are:
Ta estimation of wool arrivals cvef the season in each centre,
o constraints on the timing and sizes of sales,
iii. +the performance of a roster.
A fourth problem concerns the effect of changes in the parameters of the
wool marketing system on the roster. Some relevant changes were discussed in

Section 1.4.4. This problem area is studied further in Chapter IV.

2.1.2 Wool Arrivals for Auction

Wool is supplied by producers on a seasonal basis. Throughout the sea-
son both the quantity and type of wool arrivals, pef unit of time, vary within
and between centres. For the purposes of rostering, wool arrivals are assumed
to be homogenous. Some allowance for heterogeneity is made insofar as process-

ing by brokers, prior to auctions, effects the between sale restrictions for the

1. Performance is explained in Section 2.1.4.
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different ceantres (see Section 2.1.3). The period over which wool arrives in
the different centres varies, with Auckland usually having the longest season
and Timaru the shortest. The rostered period continues some short time after
the last wool arrivals for the season reach brokers.

Bstimates of wool arrivals for auctlon in the eight centres are made
separately by the wool brokers, the wool buyers and the Meat and Wool Boards'
Bconomic Service. The first two groups do this through their members.
Brokers, in the separate geographical areas, build up an estimated total for
one centre for the period of the main wool sales. These estimates do not
include wool received and sold in the winter sales.

The Meat and Wool Board's Economic Service, provides estimates of the
weight.of wool that will be shorn by growers who patronise the auction sales at
the different centres. Information to base these estimates on is provided by
their Field Officers. Judgement must be used in some areas where there are
insignificant economic differences for producers between supplying more than
one centre.

The Wool Roster Sub-Committee takes out final estimates for each selling
centre from these three sets of data, and then proceeds to develop wool sale
rosters (or a roster) for the forthcoming season.

Auction sales are set with relation to the new c¢lip only. If the Wool
Commission wishes to offer any wool from its stockpile, it may use space in an
auction sale where the new clip offerings (first time offered) are less than
the upper single, or, double, sale size limit, as the case may be, provided
total offerings remain within the relevant limit. The Wool Commission has
the right to offer stockpile wool without reference to the Wool Auction Sales
Committee. Notice is given to the trade of intended stockpile offerings.

Inaccuracies in estimates of wool arrivals for auction can be attributed
mainly to ﬁroduction flucﬁuafions caused by seasonal climatic variability, and,
in more recent years particularly, to fluctuations caused by private sales of
wool., Variability caused by changing production policies on farms, should be

directly related to.sheep numbers, which are estimated annually.
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It is not possible to accurately forecast estimates of wool that will
be available for auction with elements of uncertainty due to climatic effects,
hinterland producers, and private sales., Hence it would be advantageous to
estimate several rosters, subject to the same constraints, but using different
estimates of wool arrivals, The sensitivity of the roster to varying estimates
of wool arrivals could thea be studied to aid decisions on the final form of the
roster. Estimation of arrivals is further discussed in Section 3.2.1 where the
model formulated looks at rosters for the 1971/72 season using estimated data.

The pattern of wool arrivals is not entirely independent of the roster
itself. Wool arrivals between sales tend to arrive at an accelerating rate
up until a short time before & sale. The result of this is a tendency for
peak handling periods to arise in wool brokers stores shortly before a sale.
However, unless drastic changes in the roster format were made, little control
of this feature by the roster is possible. The type of drastic change envis-
agaed, is one whereby the roster prescribes a selling pattern approximating
continuous selling., Otherwise, incentive measures outside the roster would
be reguired to decrease the incidence of these peak handling periods. Restrict-
ions in the system are such as to make allowance for peak handling periods
resulting from the pattern of wool arrivals between sales. The specific restrict=-
ions‘concerned are the between sale within centre time constraints (see follow=-

ing section).

2.1.3 Rostering Constraints

There are five basic constraints in the wool sale roster problem. These
are:

i. upper and lower constraints on the sizes of sales,

1. the minimum period between sales within a centre,

iii., the minimum period between sales in different centres,

iv. the minimum period between closing and sale dates,

Ve the feasible sale days.

The length of the rostered season could be considered as a further con-
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straint, however, it was found that within the assumptions, constraints, and
goal evaluations of the model developed, that restriction or expansion of the
rostered season around that length chosen would serve little purpose.

Upper and lower constraints on single and double sales are required.
Lower constraints serve to ensure that auction sales are of reasonable size.
This means sales must be of a size warranting the time and expense brokers
and buyers put into preparation for the auction. Upper constraints on sale
size are determined by the rate at which wool can be sold at auction. Hence
the constraints are set such that a full day's (or two days in the case of
double sales) auctioning results.2 The major variable controlling these
limits is the average lot size of wool offerings at sales. Changes in the
average lot size, methods of achieving such changes, and the consequent effect
on sale size limits and the roster, are discussed further in Chapter 1V,

The minimum period between sales within a centre is determined by the
nature of the previous sale (whether single or double), and the nature of the

proposed sale (whether single or double). Consequently there are four values

of' this restriotion3 for each centre. These are for sale sequences of':
Hen single - single
ii, single = double
iii. double - single
iv. double = double

Comparative between sale within centre restrictive values for different centres
vary, due to disproportionate degrees of broker processing. For example
Auckland, with a low percentage of arrivals requiring reclassing, should be
able to set up a sale more rapidly than a centre such as Timaru or Dunedin
where wool requiring reclassing comprises a considerable proportion of total
arrivals, These differences in broker processing requirements are reflected

in the size of the between sale within centre restrictions. For sale sizes

2., For greater detail refer to Section 3.3.1.
3. Tor greater detail refer to section 3.3.2.
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within the upper and lower limits of the double and single sale categories,
the values of these restrictions are assumed unchanged. Probably the con-
straint levels should increase as sale sizes increase, within the single and
double limits, but no data was availéble to develop an appropriate relationship.
The hypothesis that such a relationship exists is supported by the fact that
past rosters have violated these constraints.

The minimum amount of time that must elapse between sales in different
centres depends on whether the sales being considered are in the same, or,
different Islands. This difference is due to the existence of virtually two
teams of buyers; one in the North Island and one in the South Island. The
minimum period between sales in different centres within an Island is larger
than its counterpart above, as buyers require time not only to arrange for
disposal of wool purchased in one sale, but also to evaluate the wool being
offered in the next sale. Between Islands the minimum difference requested
by-bﬁyers is one day. This allows communication between buyers in different
Islands, head office processing of orders etc.h

A minimum period between the closing and sale dates of a sale is reguested
by brokers.5 This period is required for several reasons. Firstly, it gives
brokers time to set up the sale bales in the appropriate fashion without having :
to contend with processing new wool arrivals. Wool arrivals after closing
date are generally channelled into storage until after the sale; they can,
however, be put into the sale at the brokers discretion provided sale size
constraints are not violated. Secondly, it allows the broker to get out a
catalogue of wool to be offered earlier, (i.e. the longer the sale is closed
the earlier the catalogue can be prepared). It is assumed that a first in

first served situation faces wool producers., This assumption is not necessarily

correct in practice. However, it is shown in Section 2.3 that such an

L. For greater detail refer to Section 3.3.4.
5. TFor greater detail refer to Section 3.3.3.
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assumption is required to measure one performance parameter of the roster.
Thirdly, with reference to wool buyers, some period is required over which
they can evaluate wool offered for sale. With present methods of wool display,
the brokers requirement, in this context, is much greater than the wool buyers
requirement; the respective requirements being minimums of about five days,
and one to two days.

Simple restrictions on infeasible sale days exist. Infeasible sale days
comprise:
i. weekends,
ii. public holidays,
iii. 1local or regional holidays, (anniversaries).
The roster model must be such that these infeasible sale days are not rostered
for sales.
Furthermore, the model must be formulated such that double sales have
oné day only between the two auctioning days. In a week of five feasible days,
only Monday, Tuesday, and Wednesday are available for the first day's auctioning
of a double sale. Failure to include this constraint could result in the pro-
gramme rostering double sales with the two auctlon days separated by a weekend or,
possible, the Christmas break. Such breaks between the two days of a double sale
are undesirable, as they incur higher costs of travel and accomodation for wool
buyers. Furthermore, with such breaks, wool brokers may find it necessary to
set the double sale up as two single sales to avoid lost time in breaking down
the wool sold on the first day of the double sale. Consequently, inefficiencies
in wool handling occur, when double sales are rostered with more than one day's
break between the two auction days.
'Mondgy'6 sales in some centres are considered somewhat undesirable by
wool buyers, as they necessitate buyers spending part or whole of the weekend

away from home. The majority of North Island buyers are based in Wellington;

6. 'Monday' refers to the first feasible trading day in any week.
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South Island buyers in Christchurch., In éection 4.6 the sensitivity of the
model to prohibiting 'Monday' sales in centres other than Wellington and Christ-
church is investigated. Also, further investigation prohibiting all 'Monday"
sales is carried out.

This section has given a descriptive coverage of the major constraints
of the system. Other restrictions are more important to the model than in giv-
ing a general description of the system. All restrictions on the system are

considered in greater depth in Chapter III where the model is developed.

a4l Performance of the Roster

The performance or "worth" of a roster is measured by the degree to
which it achieves, or goes towards achieving, the goals of those effected by
the roster. Narrowing this down to those directly effected by the roster, there
are three distinct groups; the wool growers, the wool buyers, and the wool
brokers. Wool buyers, here, refers to those agents or merchants in New Zealand,
assuming that their action reflects the desires of their principals. Betwesen
these three groups are a number of conflicting goals. For example, the obvious
couflict between growers and buyers regarding their preferences for the level of
wool prices. The problem of conflicting goals is discussed in greater depth
‘later in this chapter. In this section various measures of performance cf a
roster, without regard to conflicting goals, are discussed,

The main goals of those parties directly involved with the roster, where
these goals are governed or partially governed by the roster, are summarised
below. These goals are subject to the qualifications given in the explanations
following:

The Producer:- i, maximizing the gverage price paid for his

wool clip in the long term,
ii. minimizing interest foregone on the value of
his wool, due to his wool having to await sale,
iii. minimizing wool brokerage costs for his wool,

iv. minimizing sales costs (other than brokerage)

for his wool.
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The Broker:- i. minimizing peak handling periods,
ii, minimizing pre-sale wool storage,
iii. minimizing double handling of wool.
The Buyer:- i. minimizing the prices paid for wool in the long term,
ii. maximizing the ease with which he can attend sales,
iii. maximizing the ease with which he can evaluate wool
offered for sale,
iv. maximizing the ease with which he can communicate
with principals and associates in other places,
v. maximizing the ease and speed with which he can
ship purchases.

The Nation:- 1,  maximizing long term overseas earnings from wool,

ii, minimizing delay in receipt of overseas earnings.

Throughout this section instances arise where the goal under consideration
is better included as a restriction in a model. The interchangeability of goals
and constraints is a feature of model building. Often, a goal which may be
represented as a model constraint, shows very low marginal returns to goal achieve-
ment once a certain minimum or maximum condition has been satisfied. In the
roster problem many situations arise where a minimum period must elapse between
certain operations. A lesser period than the minimum is highly undesirable, a
greater period only slightly more desirable, Consequently the model is restricted
so that it is impossible to go into the "highly undesirable" region yet the goal
itself is not a determinant of whether the "slightly more desirable" region is
entered.

The goals of the producer are to maximize his long term earnings from wool,
subject to the physicél and productive limitations of when he can present his
wool for sale. Consequently, maximization of short term wool prices, where
such maximization could lead to the suppression of long term demand for wool
due to synthetic fibre substitution, is not a goal of wool producers. Insofar
a3 the roster is concerned three questions must be answered affirmatively before

consideration of wool prices should effect the roster. These questions are:
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Ta Does the roster effect %ool prices at auction?
b R Is it known how the roster effects wool prices?
iii. Is it known how much the roster effects wool prices?
i.e. can the effect of the rogter on wool prices be

quantified?

Intuitively the first and second questions posed above can be answered
affirmitively. Taking the extreme situations, very small sales would accrue
added expenses in buyers activities here, and added handling expenses (shipping
etc.) by overseas receivers, which would result in a lowering of demand and
decrease in wool auction prices. Very large sales would accrue stockholding
costs by overseas wool users, which would probably be reflected in decreased
demand, despite some compensation from lower buyers' costs, and lowered shipping
and handling costs.

The third question posed above is practically impossible to answer for
extremes of small and large sales, and is impossible to answer for comparatively
small changes +o the roster. There has been much conjecture as to whether an
evenly spaced presentation for sale of wool in total, and wool in its various
class types, would be advantageous, Peirse and Taylor (8) conducted a study
with the aim of assessing:

"the extent of the reduction to wool price variations that could be
achieved if the different classes of wool were to be offered evenly
throughout the selling season and to assess whether such a course
would be worthwhile,"7
Peirse and Taylor observe on price - supply relationships studied:
"(a) the relatively low and inconsistent value of the percentage
of the total price variatjon explicable by considering alone
the different quantities of each wool sold at each sale
throughout the season...
(b) the inconsistant effect on each group of additional quantities
of wool on price; only second shear wool was consistent in a
rational way..."8
It should be noted that this study by Peirce and Taylor was looking

primarily at price variability in individual wool types sold at auction. Cum~

ulating these individual effects showed little consistent effect of supply on

7. Peirse and Taylor EB;
8. Peirse and Taylor (8

- e
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average prices received at auction for the year's study. It appears that factoré
other than supply play an important part in wool price formation. These factors
react with supply in forming prices, and unless they can be quantified there is
little hope of quantifiying the effect of supply alone on wool prices.

The supply of wool to the market would be an important determinant of wool
prices if the demand for wool was of low elasticity. McKenzie et al (4) estimated
high elasticities of demand for raw wool on a quarterly basis., The study indicated
that wool prices are not greatly effected by quarterly supply changes of raw wool.

Because of the inability to accurately quantify the effect of wool supply on
prices, and, the belief that supply plays only a small part in determining prices,
it was decided that this aspect would be disregarded in the model. Consequently,
the producers' goal of maximizing the average price for their wool was not included
as a performance parameter of the model.

The producer's goal of minimizing the opportunity cost of interest foregone
on the value of his wool may be broken into two performance parameters:

= Pre-sale storage (in the brokers store),

ii. Bales held over, (i.e. bales in brokers stores that are excluded

- B

from a present sale and must awai’t a later sale).

The storage argument rests on the fact that pre-sale storage of wool by brokers
is associlated with a delay in the sale of the wool, which is associated with an opp-
ortunity cost due to interest foregone by the producer on the value of his wool. -
Minimization of pre-sale storage will minimize this opportunity cost. Secondly,
storage is tied up with brokers costs, due to long term costs of facilities for
storage, and short term costs of double handling in wool stores. Consequently, this
goal of the producers is related in part to their goal of minimizing brokerage costs.

The second parameter concerns mainly a redistribution of income problem. Wool
brokers work on a first come first sold basis largely (although late arrivals may be
put ahead of earlier arrivals to achieve a desirable average lot size for the sale)
When the bales available for auction in a centre outnumber the sale size rostered,
some bales must be carried over until the next sale. A producer who gets his wool in
just in time for the sale, will have a lower per bale opportunity cost of interest

foregone, than a farmer whose wool ‘arrives just too late for the sale. Hence, on an
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equality argument, it would be desirable to minimize the degree of bales being
held over. Apart from the equality argument there are added costs of storage,
and double handling of wool in wool stores, associated with bales held over.

The distinction between storage and bales held over is a fine one; it lies in
the equality argument mainly but also manifests itself in double handling in
wool stores.

The third goal of a producer, to minimize wool brokerage costs for his
wool, is largely covered above by arguments on storage and double handling.
Further costs are associated with processing of wool and peak handling periods
in wool stores. Processing costs are a direct function of the producer's
policies and need not be included in the roster model, except insofar as they
effect between sale within centre restrictions. Peak handling periods are a
function of the roster in two instances. Firstly, those peaks caused by pre-
ssure to break down sales and get wool shipped. Secondly, peaks due to the
setting up of sales. Peaks caused by a rush for shipping are a function of
the roster, as shipping can be organised to fit in with the roster, and may be
made available close to the sale day. Possibly, changes to the roster and
shipping organisation could be made ‘to improve wool fiow-(i.e. decrease handling
peaks). loves in this direction include the suggestion that ships be organised
to arrive at even intervals, If such a pattern of shipping was introduced then
the roster could be altered to give a more even supply of wool for shipping.
dowever, unless rather drastic changes are made to the rostering pattern then
it appears that the organisation of shipping around the roster, not the organ-
isation of the roster around shipping, is the main determinant of these peaks.

Peak handling periods for setting up sales are controllable by the roster
to a degree. Such peaks may arise from the necessity to prepare late wool
arrivals for a sale to be held in a few days. To avoid extreme peaks, brokers
specify a minimum period between closing and sale dates for a sale. This
period was explained in the previous section on model restrictions. The longer
the period between closing and sale dates, the less likely it is that a pre-sale

peak handling period will occur.
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Minimizing sale costs other than brokerage costs is the fourth summ-
arised producer goal. With regard to the roster, the main variable effecting
the variability of sale costs is the number of sales rostered. The type of
costs associated with organising -an auction sale are:
i. hire of theatre (fixed cost/day),
ii, preparation of a catalogue (fixed cost/sale),
iii. accommodation costs (fixed cbst/&ay).
These costs, when compared to the value of product sold, the variability in the
value of this product, and the interest earning potential of this product, are con-
sidered to be insignificant. Consequently, the inclusion of the number of sales
rostered as a performance parameter, would appear valueless. However, the number
of sales rostered in each centre, and in total, is some use as an indicator of the
size distribution of the sales rostered.
From the goals of wool producers relating to the roster, four performance
parameters can be obtained. These performance parameters are:

1. Pre-sale storage of wool (measured in bale—days).
2. Bales held over (measured in bale-days).
3. Mean closing date to sale date period (measured in days).

Le Number of sales rostered.

Applying the arguments used in obtaining the performance parameters of
importance to the wool producer, to the wool broker's goals, yields the same
performance parameters. A brief summary relating to broker's goals follows.

Minimizing peak handling periods in wool stores has cost advantages due
to minimization of overtime work and greater ease of management. As argued
above the roster can effect peaks due to setting up sales. Here, the constraint
relating to the closing to sale date period, and the mean of this period over a
number of sales, are important. Post sale peaks lose their importance to the
roster model following the argument used earlier in regard to shipping.

Minimizing pre-sale wool storage, where such storage involves no double
handling, has cost saving implications to the broker in the long term. This long
term cost arises from providing facilities for such storage. Storage inrolving

double handling is largely a function of bales held over.
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Minimizing double handling of wool has cost advantages to the wool
‘broker. Double handling, as effected by the wool sale roster, is largely
attributable to bales being held over from sale to sale. Such bales must be
put aside as they arrive, as the wool store is fully involved in preparing for
the immediate sale. After this sale these held over bales must be taken out
of storage and processed in preparation for the next sale. Consequently,
double handling costs are associated with these bales.

Hence the performance parameters which measure the goal achievements of
the brokers, in reference to the roster, are the same as those for the producer.
Only .the relative importance of these performance parameters has changed. Bales
held over, and, the mean closing date to sale date period, are more important
performance parameters to the wool broker than is pre-sale wool storage; espec-
ially in the short term.

A further consideration of peak handling periods pertains to the period
between sales within a centre. This aspect has been discussed in the preceding
section on model restrictions, but deserves mention as a possible performance
parameter., A suitable performance parameter would be the mean between sale
within centre period. Short term variable costs associated with this mean
value would be mainly attributable to variability in wool store labour costs.

In the long term, costs would include machinery and facilities for wool handling.
It was felt that this goal was adequately covered by the between sale within
centre restrictions. |

Wool buyers' goals, as effected by the roster, may similarly be reduced
to a number of measurable performance parameters, by expansion of the summary of
their goals given earlier in this section.

It would be expected that wool buyers wish to obtain their purchases at
the lowest price possible, providing the prices are not so low as to depress
supply below that desired in the long term., This goal of buyers is conSidered
unimportant to the rostering problem. The argument in support of this supposit-

ion, is the same as that used earlier to exclﬁde the producers goal of maximising
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average long term wool prices, from the rostering problem.

The buyer's two goals of maximising the ease with which'he can attend
sales, and, with which he can evuluate wool offered for sale, are inferrelate&
in the context of rostering. . Firstly, there is the requirement that buyers
have one or two days to evaluate wool offered for sale. This requirement is
overshadowed by the brokers requirement of a minimum closing date to sale date
period, and so is never a problea in rostering single sales, although, the re-
quast forces double sales to be separated by a day. Secondly, there is the
undesirable aspect of 'Monday' (or first business day of week) salss in some
centres, These goals give rise to one performance parameter, other goals
being covered by restrictions. That is:

5. The number of 'Monday' sales in the roster where
such sales are not held in a base centre.

'londay' is in quotation marks as it may refer to any day of the week where
this day is the first day after a public holiday; (i.e. the first feasible
trading day of the week).

Buyers request four days between single sales within the same Island.
This allows them to arrange the disposal of purchases from the first sale, to comm-
unicate with principals and associates in other areas, and to evaluate wool offer-
ings at the next sale. This four day minimum is more suited to a constraint than
a performance parameter. The contribution of the performance parameter to the
goals of buyers would decline sharply once the four day minimum period was observed.

The fourth goal of wool buyers listed is that of "maximizing the ease
with which they can communicate with principals and associates in other places".
As mentioned above this forms part of a within Island constraint. It also
forms the whole of a between Island constraint. That is, buyers require one
day between wool sales in differénb Islands. This allows them to communicate
with their counterparts in the other Island, or, if necessary, to attend sales
in both Islands., Again a constraint rather than a performance parameter is
more appropriate for this goal.

Buyers wish to be able to ship their purchases easily and as early as
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possible, Consequently they would wish for a quick breakdown of sales by
brokers and an early availability of ships. This goal conflicts, in this
respect, with the goals of producers and brokers pertaining to minimization of
peak handling periods. However, as argued earlier regarding post sale peaks,
it is the organisation of shipping around the roster and not the organisation
of the roster around shipping which determines post sale handling peaks. Con~-
sequently the goal is not directly relative to the rostering problem.

In considering the effect of the roster on goals of the nation, only
those goals directly related to earnings of overseas exchange by wool are listed.
Obviosusly the well being of producers, brokers, buyers and indeed all parties
involved in the wool industry are of some importance to the nation as a whole.
However, an evaluation of national and international socio-economics, as effected
by the wool sale roster, is outside the limits of this study.

The first goal of maximizing long term overseas earnings from wool,
insofar as this goal is effected by the roster, can be dismissed from the model
on the argument presented for the producer's goal of maximizing the price received
for his clip, The second goal of minimizing the delay in receipt of payments
for wool warrants consideration. Due to the large amount of overseas exchange
involved in New Zealand wool auction sales, marginally earlier receipts for wool
sold overseas, give significant financial benefits in terms of interest alone.
Earlier payments for wool sold at auction result from a more rapid rate of sale
of wool over the season. A more rapid rate of wool selling is reflected in
decreased pre-sale storage requirements for wool.

An estimate of the relationship between foregone interest receipts and

pre-sale wool storage is given below:

1968/69  1969/70  1970/71

Average price paid per bale of wool
(greasy) at auction in New Zealand9 . $95.98 $88.11 _ $8,.08

Average price paid for the three seasons = = $89.39

9. Source: New Zealand Wool Commission (6), P.9.
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1,000 bale-days storage 2,74 bale-years storage

This represents 2.74 x 89.39 $24)..93 per year in storage

At 7% interest

$17.14 per 1,000 bale-days

For every 1,000 bale-days of pre—saie wool storage approximately $17.14
is foregone in interest. Total pre-sale wool storage is of the order of 50 éo
60 million bale-days. It is estimated that a 1% decrease in the total storage
of wool sold at auction could yield over $30,000 in interest (assuming a 7%
interest rate) on overseas exchange holdings. This is worthwhile investigating
if' significant variability in pre-sale storage can result from different rosters,

Internally, the figures are just as significant to wool producers.

2s1:5 Summary

In summarising it appears that the nature of the restrictions for the
rostering model are such that the model must include a day to day time sequence.
A shorter time sequence would complicate the model without contributing anything
in the way of accuracy or significance. A longer time sequence would approx-
imate results from a model to such a degree as to make the model useless both as
an aid to rostering and as a means of experimenting with the system. The model
would certainly be useless for studying the effect of marginal changes in the
time constraints,

The performance parameters found to be of use for evaluating a roster are:

1. the extent of pre-sale storage of wool,

2., the extent to which bales are held over,

3. the mean closing date to sale date period,

L. the number of sales rostered,

5. the number of 'Monday' sales.
These performance parameters should be measured for each centre individually
and for the system as a whole.,

At first glance it may appear that five performance parameters are
insufficient to cover all the implications of the wool sale roster. Some

performance parameters were excluded due to either their inastimatability,
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or, their insignificance. Others were excluded as actual performance param-—
eters but were included as restrictions. Performance parameters included as
restrictions generally show low marginal returns to performance once some spec-—
ified minimum or maximum value of the parameter is reached.

Question may be raised as to why a performance parameter measuring the
dif'r’erence between rostered quantities and actual sale offerings was not included.
This has in part been answered in the section on wool arrivals. Here it was
suggested that wool arrival estimates be varied parametrically to study the
stability of the roster to changes in estimates. Furthermore, it is assumed
that the estimates of wool arrivals available to the Wool Auction Sales Committee
are as accurate as can be estimated under the circumstances. It is outside the

range of this study to attempt to improve the forecasting of wool arrivals.

[Re
.
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parations Research : A Brief Description

Operations research,or management science, emerged in the period after
World War II:; it incorporates scientif'ic methodology with an understanding of
managerial problems, and attempts to solve those problems by various analytical
means.

An important aspect of operations research is that it looks at the system
as a whole, Rather than isolating the components of the system and making these
as efficient as possible, operations research methods attempt to fit together
these components in the most efficient manner. The method of operations research
involves making a mathematical model of the system under study. This model cén
then be manipulated, in lieu of the real world system, to seek an optimal combin-
ation of components of the system; optimal, that is, with respect to some
stated performance measure. The problems encountered in using operations
research techniques are in:

1. the formulation of a representative mathematical model of the
system which can be manipulated to optimise,
ii, finding what to optimise - what performance parameters and the

importance that should be placed on each.
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In formulating a mathematical model of the system some degree of
realism is immediately lost. Operations research models are usually very
complex if realistic. This complexity may 1e;ve the model insolvable for
extreme values of performance parameters. Simplification of the model may
enzure solvability of the model. But, the solution obtained may not be the
best real world solution, as realism of the model decreases with increased
simplification. The operations research team have three possible approaches
to the problem, if it is such that no solvable and perfectly realistic model
can be made of the system under étudy. They may:

i. Simplify the model which can then be. solved for an
optimum, This optimum may or may not hold for the
real world system.
ii. Complicate the model, to obtain realism, and experiment
with the model., There is no guarantee that optimisation
will occur (unless all possible situations are looked at)
but areas of high performance can be looked into.
iii. Complicate the model, but simplify or approximate the data
input to the model if this will give an optimal model solution.
(i.e. a representative model with non representative data.)

Thether to use methods i. or iii. above depends on the problem at hand.
Both give approximate answers through approximating the model in i. and approx-
imating the data in iii.

Method ii. above should be used where a high degree of model realism
is required to give results any practical significance., When realism decreases
sharply with simplification, it may pay to look at certain results following
model manipulation, with no guarantee that an optimal solution can be effected,
rather than find the optimal solution for a non-realistic model of the system.
Forlsome problems an optimising analytical technique may be applied while retain-
ing realism, But the assumptions of many optimising analytical techniques are
such that if the mathematical formulation af the problem is realistic, then the

prbblem is a fairly simple one. An example of this is the feed mix problem in
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wnich a realistic optimum can often be obtained by formulation of the problem
as a linear programme.

In the final analyéis there are three broad alternatives in selecting
a method of analysis for any operations regearch problem, These are to:

i, Select an optimising analytical technique where the assumptions
of the model used are not such that realism is lost.

ii. Select an optimising analytical technique with some loss of
model realism, accepting that application of the optimal
solution to the problem will be approximate in terms of
tne real world problem.

iii, Select a non-optimising analytical technique which retains
realism, and experiment with the model to obtain realistic
and quantifiable measures (in terms of the problem) of

responses of the model to various manipulations.

2.2.1 Conflicting Goals

The problem of conflicting goals occurs in most managerial decision
problens, The goals of an individual may conflict; +the goals of parties with
dissimilar interests conflict. In the roster problem serious conflicts between
goals of parties involved in deciding on the format of the roster occur., These
parties are:

& the Wool Board (representing the growers),

ii., the wool brokers' representatives,

iii. the wool buyers' representatives,

iv.  the Wool Commission.

Table 2.1 below indicates the relationships between the goals summarised

in Section 2,1.5, in terms of whether they conflict with, or complement, one

another,
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TASLE 2.1 THE RELATIONSHIPS BETWEEY ROSTERINT T0AL3
Pre-Sale Bales Held Closing to umber 'Monday!
PARANETER Storage Over Sale Date of Sales Sales
B Pepiod
(Min) (Min) (Max) (Min) (Min)
Pre-Sale
Storage . g - - -
(:‘:_'mﬁ
Bales Held
Over . - - -
(Min)
Clozing to
Szle Date . o} 4+
Period
(Max)
Number of
Seles - +
(1in)

Min = minimization
Max, = maximization
% indicates complementary goals

- indicates conflicting goals

0 indicates little or no relationship between the goals

With reference to Table 2.1 above, it is important to note that the
relationships indicated between goals are felt to be indicative of the general.
case. Exceptional instances may and do often occur.. For the indications of
the relationships of the relevent goals with the 'Monday' sales goal, it was
assumed that the periods between sales, and, between closing and sale dates,
are increased to reduce the incidence of 'Monday' sales. Furthermore, the
indication that some measure of achievement of these goals is to be minimized
or maximized is not always intended. The words "decrease" and "increase" could
be substituted for minimization and maximization respectively, where the decreases
and increases envisaged are within realistic limits.

When some of the goals effected by a decision are in conflict, then the

decision made is generally a compromise., The best decision is that which gives
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the most favourable compromise, The problem is to find the solution which
giqeé'the most favourable compromise. .
| To find the best solution to a problem by anaiytical means, an objech-

ive function must be formulated. An objective function is a mathematical
funetion which measures in some way the performance of the system as a whole.
This requires that the objective function include all the important goals rele-
vant to the problem. Of'ten these goals must be weighted in some fashion so as
the more important of them dominate. If the objective function, and the con-
straintson the problem, are such that an analytical solution can be derived
waich optimises the objective function, then this analytical technique is
probably the best method of approach to the problem. If it is impossible to
solve the problem for an optimal solution, or if the goals comprising the
objective flunction are such that no meaningful weights can be attached to then,
then experimentation via simulation procedures can be employed.

Wnen an adeguate objective fﬁnction can be formuiated, yet the problenm
is not amenable to optimising aznalytical technigues, then simulation can be used
to give solutions with single value performance outcomes. This technique requires
that performance parameters (if there are more than one) be of the same dimension,
Otherwise, simulation may be used to produce feasible solutions for which the
performance of the solution with regard to individual goals is measured.  These
feasible solutions can be presented to management, who will assign weights to
the performance parameters (or goals) ex poste., This assignment of weights by
management may not be explicit; it will, however, be reflected in their attitudes
towards the various solutions presented to then.

mless appropriate goal weights can be estimated the problem of conflict-
ing goals is generally ignored by the analytical technique of solving the problem
(i.e. the operations research analytical procedure)., The problem is handled
after analytical solution by subjective appraisal of the solution. The strength

or weight of this subjective appraisal is reflected in the final course of action

taken by management. Generally, the greater this weight, the less the course of
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action decided on coincides with the optimal model solution.

In presenting managemént with a number of solutions, obtained by
experimenting with the madél, the operétions analyst is in effect simplifying
the management task of decision making follbwing subjective appraisal of the
analytical solutions. If enough solutions are presented to management they
will find one that they like best. Including a wide range of measured per-
formance parameters in each solution eases the burden on management. Much of
the work involved in evaluation of decisions may be done by having the model
measure these parameters. Further evaluation and subjective appraisal by
management, is simplified as the measured parameters may be used to base such
appraisal on.

To provide a number of alternative model solutions the operations
analyst must hgve a means of varying the decision processes of the model.

If the problem can be solved for an analytical optimum then variation can be
introduced by having the model base its decisions according to varying goals;
i.e. have the model optimise for different goals in different runs, Further
solutions can be effected by having the model base its decisions on more than
one goal. However, expansion of the model is generally in an exponential
fashion with the number of goals considered. Increasing complexity of the
model ultimately limits the number of goals that can be controlling the models
decision processes. In non-optimising simulation procedures, the decision
processes of the model can be varied in a similar fashion. The decision pro-
cesses may be based on many, one,or no goals (a random choice may be made).

In conclusion the operations analyst must weigh up the advantages of
having as many goals as possible controlling the decision processes of the
nodel, against the disadvantages of loss of realism where inclusion of more
goals, and, restrictions, adds such complexity that the model must be simplifiéd.
Wnen this decision is made the analyst should have the model measure as many
non-decision controlling goals as possible, as well as optimising (if possible)

for the decision controlling goals.
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2.5 A Mathematical Representation of the Problem

Before discussing methods of analysis of the roster problem note should
be made of the mathematical similarity of apparently dissimilar problems.
Ackoff (1) describes such problems as having "analagous mathematical structures”.
Many problems when represented, mathematically turn out to be of the same math-
enatical type, and can be solved analytically by the same technigue. Quite
probably this occurs because the problem is mathematically stated so as it can
be solved by the technique. A problem can often be represented in as many
mathematical forms as there are techniques for solving these mathematical
models. This suggests analagous model structures, in that the models can be
solved to optimise for the same.objective function by different techniques.

The problem then is where does the analyst start in solving a problem?  Should
he select a technique and formulate the problem mathematically to fit the tech-
nigue, or, should he select a mathematical model and formulate a technique of
solving it? The answer again depends on the realism required by the model.

Id

(D

ally the problem snould be mathematically formulated, as realistically as

sible, and a technigue found to solve it. Choosing a technique, and form-

Gl

ulating the problem sco that it is amenable to solution by that technique,
frequently leads to loss of realism of the model, as the mathematical model
is restricted by the assumptions of the technique used. (Loss of realism,

and the consequences of the loss, is discussed in Section 2.2)

2.3.1 The Mathematical Model

The mathematical model developed below includes the performance
parameters:

o T pre-sale storage of wool,

ii.  bales held over,

iii. the mean closing date to sale date period,

iv. the number of sales,

and the restrictions that:
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illustration is used where appropriate.

ii.
i o o

ive

To facilitate understanding of the mathematical model graphical

wool available for sale must be in store by or before

the minimum closing date to sale dafe period allowed,

the

between sale withia centre restrictions be observed,

sale size restrictions be observed,

between sale between centre restrictions be observed,

sales are only rostered for realistically available days

of the rosteced period.

to one centre only.

FIGURE

2.1

This graphical illustration relates
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n = last day of season

3 = centre identification (j=1,....8)

Qj = total arrivals in centre j

Sj = total number of sales rostered in centre j

k = sales 1,....5; in centre j

BHCk,j = bales in store but not sold at sale k in centre j
DHOk’ = period held over bales must await sale (from SDk,j)
SDk,j = sale date for sale k in centre J

CDk,j = closing date for sale k in centre J

SS}{"j = size of sale k in centre J

Figure 2.1 above includes a "cumulative wool arrivals"curve. This curve
indicates the nature of wool arrivals over the season for a hypothetical centre;
most centres show a pattern similar to this for wool arrivals over the season.
Initially the rate of arrivals is slow (not shown in Figure 2.1), then the rate
inccreases to become greatest around the November to February period. The
flattening of the curve towerds the end of the season indicates a tailing off

in wool arrivals over the last stages of the rostered period.

PERFORMANCE PARAMETERS

i, Storage - (bale-days)
8 n 8 Sj
MI—['\I. B. Ll n_i - ¥ ; S(‘ .. n-SD u
j=1 i= J=1 k=1
i = day of roster (i=1,....n)
Bi g = number of bales that arrive in centre j on day i
2

The first statement above measures the sum of the areas under the cumulative
arrivals curves for all centres., These areas measure total wool storage if
mo sales were held, The second statement decreases this total storage measure,
by the reduction in storage resulting from holding sale§. This reduction in

storage'(for one centre) is represented by the unhatched areas in Figure 2.1.
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Resulting net storage is indicated in Fugure 2.1 by the sums of the vertical

and diagonal cross hatched areas (for one centre).

ii. Bales Held Over - (bale-days)

J
MIN. Z (Bno ..DHQ .)
£,

8 S
1 k=t

A=
Diagonal cross hatched areas in Figure 2.1 indicate the weighted measures of
this performance parameter for each sale in a centre; the weight being the
period these bales are held over.

Figure 2.1 does not indicate why bales may be held over. Firstly,

bales arriving after the closing date for a sale, must be held over until the
next sale in that centre. Secondly, wool may be held over due to the sale size
constraints., There may be more wool available than can be accomodated in a

double sale, or, there may be too little wool for a double sale yet more than

the upper sale size limit specifies. Thirdly, the time constraints between

=5

t.q
=
(1]
i

2y cause bales to be held over. The time constraints may allow a single
¥

ta

ale, bu

ct

not a double sale, to be held in a centre, If there is more wool in
tnat centre than the upper single sale size limit can accomodate, then the supplus

wool will be held over until the next sale.

il 5 Closing to Sale Date Period - (days)

8
- (CD . -
w3 TR
j=1 k=1 =1

Refer to Figure 2.1

iv., Number of Sales -

8
MIN. :E: S,
J

3=t




45,

8
or, MIN. Z (:z:sj + znj)
J=1

Zs.
J

ZD .
J

number of single sales in centre J

number of double sales in centre J

RESTRICTIONS

3% Closing Date to Sale Date Period
d
SASi,j < BISi—cd,j - X Bsk,j
k=1
i = day of rostered period (i=1,....n)
Sﬂsi,j = sale size rostered on day i in centre J
cd = minimum period (in days) between the closing
and sale date for a sale.1o
EISi—cd,j = cumulative arrivals, in centre j, cd days before
day i
d = number of sales rostered previously in centre j

sum of bales rostered for sale in centre j in

t
W
o
I

=1 sales5 1, .44

This mathematical statement says that the size of a sale rostered in any
centre, on ény day, must be less than the cumulative wool arrivals in that centre
a specified number of days prior to the day being considered. The specified
nunber of days is the value given to the minimum period from closing to sale
dates for wool sales. Furthermore, the cumulative arrivals value must be
decreased by the number of bales which have previously been rostered for sale.

This assumes that no carry over of rostered wool (as distinct from new arrivals)

10. The value for cd will equal the SD .-CDk . value in sales where the closing
date to sale date period restricticA’limitd the sale size rostered, Where
the upper sale size limits restrict the sale size, then cd will be less
than the SDk .-CDk . value; i.e. the closing to sale date period can be
greater. than’the mifimum (cd) specified in the restriction.
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occurs. i.e. that wool rostered for sale is sold and can not be left for

re=entry in a future sale.

1, The Between Sale Within Centre Restrictions
(a) 1If SMIN < SASi’j < SMAX
then SASp’j =0 P = i+1,....i+szj
SMIN = single sale size minimum limit
SMAX = single sale size maximum limit
SZj = minimum single-single sale sequence

period in centre j
i.e, if a single sale is rostered on day i in centre j then no further sales
mzy be rostered in that centre for at least szj days.

£ SMIN = SASi . < SMAX

s d

and SAS . = DMIN
a,d

]

then gz i+ SDj

SDj = minimum single-double sale sequence
period in centre j
DMIN = minimum double sale size limit

l.es 1if the sale being considered on day g in centre J is a double sale, and
tae previous sale in centre j was a single sale, then the period between these
sales must be greater or equal to the single-double sale sequence minimum re-
striction for centre j.

(p) 1f SAS, ;= DMIN

E
then SAS_ . =0 m = i+1,....:i.+DSj
DSj = minimum double-single sale sequence period
in centre J

If SAS, . = DMIN
o |

and SAS., . = DMIN
1,3
then 1=1+ DDj
DDj = minimum double-double sale sequence period in

. ~ centre j
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The arguments in (a) for single sales explain mathematical statements in (b)

for the double sale situation.

o o 0 The Between Sale Between Centre Restrictions

(a) 1If SMIN < SAS, 5= SMAX
and 1) j<s &
then SAS = £)
r,t

% = Hieaesh
and SAS =0
V,w
s .
W = 5,....8
or 2) j> L4
then SAS = 0
r,w
r = i,-onoi‘i"]""
w = 5,..0.8
and SnSV’t = @
v = i,i+1
t = i,to-o}-i-

If a single sale has been rostered in a centre, then no sale may be held in the
szne Island until a further four days have passed; no sale may be held in the

other Island until the day after next.

(b) 1If SAS, . = DMIN
i,J
and 1) j< &
then sasx’ £ =0
¥ o= i’....i+6
t = 1,--0.&-

and SAS

.Y = i, -ooci+3

I

0

w = 5,.-..8
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or 2) =>4

I

then SAS 0
- 2

S W

£ % T,eaeaitb

W= 5,-:-.8
and SASy}t =

Y = i,-oo¢i+3

t = 1,.00-4

For double sales, the periods between sales between centres are two days
greater (from the first auction day of the double sale) than for single sales.

The valuss placed on these restrictions are those specified in Section 3.3.k4.

iv. The Sale Size Restrictions for Non-Zero Sale Levels

SMAX = 8S, . » SMIN
K,J

?

or DMAX =88, . = DMIN
Lyd
k = sales in centre J (k=1,....Sj)
DMAX = maximum size for double sales
Ve The Feasible Days for Wool Sales
(a) General:
SAOb,j=O .]:1,....8
b = 21,-...zf
Zis' = a set of infeasible days for all centres
SASb 3 = the size of any sale rostered for day b
]
in any centre j
(b) Specific:
SASh,j = 0 = 1,-.-08
h = Z -I.O.z "
1, g5J
Zi ja' = sets of infeasible sale days specific to
’
each centre
SA.Sh 4 = the size of any sale rostered for day h in
E

centre J
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2 el Methods of Analysis

In this section the methods of analysis of the rostering problem fall
in two categories. Firstly, models used in operations research, insofar as
they are connected with the problem, are looked at. Secondly, analytical

techniques for solving models of the roster system are considered.
q &

2.+e1 The Inventory Model Approach

The inventory model has been used in marketing problems such as analys-—
ing warehouse needs, in production problems such as scheduling operations, and
to determine plant capacities. Generally the similarity of inventory problems
lies in storing something to meet a future demand.

Basically the inventory model approach involves finding a compromise
between set up costs and holding costs. In the roster problem the set up costs
are dependent on the number of sales rostered; the holding costs can be measured
in terms of wool storage and bales held over.

The inveuntory model of the rostering problem is preseanted graphically

for any one centre in Figure 2,2 below.

FIGURE 2.2 THE INVENTORY APPROACH - ONE CENTRE
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n = total number of sales

Tk = time of sale k (k:1,....n)

SSk = size of sale k (k=1,....n)

3k = bales held over from sale k (k=1,....n)

In Figure 2.2 total storage in the centre is indicated by the diagonally and
vertically cross hatched area. Total storage of neld over bales is shown in
the vertically hatched areu.

The lower sectional curves in Figure 2.2 represent wool available in wool
stores over the season. Any point on these curves equals the cumulative wool
arrivals value net of previous sales.

Solution of the one centre problem presented in Figure 2.2 involves
finding that set of Ts which minimizes an objeétive function composed of the
, storage, aad bales held over.

Tze problem could be solved for one centre at a time for a weighted
objective function (including one or more performance parameters). However
it is wvery unlikely that the optimal solutions for each centre individually,
couald be amalgamated to give a feasible overall optimal solution for the eight
centres together, For example; the structure of the problsm is such that sales
are desirable immediately after the Christmas break, due to wool accumulating
over this period. Consequently. optimal solutions for each centre would probably
include sales immediately after the Christmas period. This is feasible for one
centre, but notv for more than one centre, due to the between sale between centre
restriction (see Section 2.1.3). Hence, obtaining an optimal analytical sol- -

ution, requires the solution of an eight dimensional problem.

2.++42 The Queuing Model Approach

The queuing model approach is relevant to the wool rostering problem.
Sasieni, Yaspan and Friedman (11) make the following observations on queuing
problems or waiting lines:

"Decision situations frequently arise in which units arriving for

service must wait before they can be serviced. If the laws governing

arrivals, servicing times, and the order in which arriving units are
taken into service are known, then the nature of this waiting situation
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czn be studied and analyﬁed mathematically,"

Further:

"Arriving units may form ons lins and be serviced through only
one station, as in a doctor's office; they may form one lins and be
serviced through several stations, as in a Ptarbver's shop; or they
nay form several lines and be served through as many stations, as at

tae checkout counters of a supermarket."11

Conceptually the problem of rostering wool sales could be treated as
a type of queuing problem, and solved accordingly to optimise for certain per-
formance parameters. The eignt selling centres could be considered to represent
eight servicing stations; a wool sale would then represent a service rendered
at one of the facilities, To incorporate the time restrictions it would be
necessary to constrain the freéuency of services within and between centres.

Again the dimensions of the roster problem make the use of optimising

analytical technigues impractical for representative queuing model of the system,
A Monté Carlo simulation procedure could be used to simulate probabalistic wool
arrivals over the season. Decisions, regarding places of sales and sale sizes,
could be made in a random fashion. However, computerlfacilities would limit
the number of experiments that could be carried out with a model incorporating
probabalistic arrivals and random decision processes. In Section 2.4.4 it is
shown that the range of feasible rosters that can be produced, for any one set
of data and restrictions, is very large. A limited number of experiments over

this range would yield little in the way of significant results.

2.443 Dynamic Programming

The dynamic programming procedure involves breaking a problem up into
stages, and, solving each of these stages for an optimum, for any possible
input to that stage. From these stage solutions, an overall optimal policy
for the system can be found. The reason an overall optimum can be obtained

from individual stage solutions, lies in Bellman's principle of optimality,

11. OSasieni, Yaspan and Friedman (11), p.125.
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which states:

"An optimal policy has the'property that, whatever the initial state
and initial decision are, the remaining decisions must constitute an
optimal policy with respect to the state resulting from the first
decision."

The dynamic programming approach is represented in Figure 2.3 below,

and subsequent discussion.

FIGURE 2.3 STAGES IN DYNAMIC PROGRAMMING
S S- S S; S| S S S
——e i o, D, i A D, 141 D; _J:ZH_Jhln Dy
+1 n=1 n
R ; :
! RZ Rl Rl+1 R"-i Rn
1 = stage identification i=1,....n
n = last stage of the problem
Si = input to stage i~
Di = decision made at stage i
Ri = return (contribution to objective function)

at stage i.
The objective function measured by Ri may be simple (one performance parameter),
or, complex (more than one performance parameter, each of which may be weighted).

Three basic components make up the dynamic programming procedure. These

are:
i The Stage Return Function
R, = fi(.Si,Di)
ii, The Stage Transformation Function
Bieq = 51(3:1’Di)

iii. The Recurrence Relationship

V;T(8y) = Max. [F(8;,05) + Vi, (85,07
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ViI(Si) = the optimal return for the present, and all previously12
evaluated stages for an input of Si at stage 1.

For the wool sale roster problem, for one centre, the variables used in the

relationship would refer to the following:

i = day i of the roster

Ri = the return on day i, measured by an objective function
conprising performance parameters for storage, bales
held over, number of sales, etc.

Si = the number of bales of wool available for sale in the
centre on day i

Di = decisions on the sale-size to hold on day.i (sale sizes
rostered from zero to the upper size limit for double
sales)

Vi = +the cumulative return function for previous stages
evaluated.,

For the wool sale roster problem the dynamic programming method of
analysis is suitable for a one centre study. For one centre, optimisation in
terms of the performance parameters given (especially storage and bales held
over) could be carried out. The optimal results for differeant performance
parameters, and combinations of different performance parameters, could be
conpared., Consideration of all eight selling centres complicates the problem
enormously.

At each stage there are eight wool arrivals figures making up each input
(Si) to that stage. If each of these wool arrivals figures could take a number
of (say p) values at each stage, then there would be pB combinations for Si'

i.ea p8 possible values for Si at each stage. Obviously, p does not have to

12. The recurrence relationship given is for backwards dynamic programming;
i.e. start at stage n and work back to stage 1. Therefore, previously
evaluated stages means stages i+1,....n.
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be very large before computer storage capacity becomes limiting.  Apart
from this aspect of size of the problem, diffiéulties arise through interact-
ions between the Di's for each centre. TFairly complex programming would be
required for the model to recognise these interactions. Consequently, the
programme itself would occupy a large proportion of computer storage.

To use a dynamic programming procedure in the analysis of the wool
roster problem, for eight centres, would require that very complex mathematical
techniques be employed. Simplification of the model, representing the roster
system, would need to be severe to keep the mathematical techniques used at
manageable levels. It was felt that the loss of realism resulting from such
simplification of the model would invalidate solutions; optimal analytical
solutions, derived by the dynamic programming technique, may have had little
or no application to the real world problem. Consequently simulation proced-

ures were used to look into the wool roster problem.

2.4,4 Simulation

Simulation, in general usage, means to make a model or copy of some
process or object. Formally simulation is "to duplicate the essence of reality
without necessarily obtaining reality itself".

Digital computer simulation involves expression of the process or problem
as a mathematical model. The model must retain similarity of properties and
relationships with the real world problem. Experimentation with the model, in
lieu of the real world situation, can be carried out to test plans, ideas, and
designs, in order to aid decisions effecting the real situation. Use of the
digital computer allows such experimentation to be done in hours.

The problem of realism (see Section 2.2) remains. The simulation model
c¢sn be developed with varying degrees of realism depending on the required
precision of results. In order to make inferences from model results to the
real world problem, the model must be a valid representation of the system under

study. Such a model will produce realistic results under a wide range of
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operating conditions.

One computer simulation procedure for the wool sale roster problem would
involve devising a computer programme which could produce numerous feasible
rossers, according to the inputs and restrictions operating for the run, and
eviluate eacn of these rosters in terms of the performance parameters given in
Section 2.1.5. The disadvantage of simulation without enumeration13 is that
often there is no giarantee that .any one performance parameter is optimised.

In some cases search procedures caan be used in simulation to find optimal
solutions; a reasonably "smooth" performance surface is required for this.

Znumeration of the simulation model derived rosters, for any one set of
data and restrictions, is impractical due to the large number of feasible rosters

involved.

FPIGURE 2.4 THE NUMBER OF FEASTBLE ROSTERS

Referring to Figure 2.4. above, let each card represent a day of the

13. ZEnumeration involves obtaining every possible solution for a problem.
One of these solutions must be optimal for the objective function being used.
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roster (a stage). Assuming the roster starts when any of the eight centres
can hold a sale, and, that there are ten possible sale sizes that can be
ciizsen, then there are 80 possible decisions to evaluate in the first stage.
This reduces by 4O two days later, as only four centres can have sales, (i.e.
those in the other Island from that centre selected to have a sale in the first
stage - assuming a sale was held)z4 The numbér of possibilities decreases from
stage to stage due to the between sale within centre restrictions. However,
the number of possible rosters is still immense.  For the eighteen days above
the possible combinations number -

8x10 x 410 x 3x10 x 3x10 x 2x10 x 2%x10 x 1x10 x 1x10 = 1152 % 108

The complexity of a simulation programme for rostering wool sales reguires that
considerable computer time per Qun is required, Consequently computer costs
alone inhibit enumeration.

Because it was impractical to enumerate feasible rosters, and, as no

bazis could be found on which to establish an orderly search procedure, it was

necessary to include certain decislon processes in the model; decision pro-

€]

gsses which were formulated to improve the performance of some performance
parameters of the model. It appeared desirable to be able to vary these
decision processes so as a range of rosters could be produced.

The method of simulation was chosen to analyse the wool sale roster
problem for a number of reasons. The main reason was that it was felt that
the approximations inherent in other analytical techniques, through their
assumptions, were too severe when applied to the problem. Secondly, a simulat-
ion procedure appeared to lend itself more readily to experimentation around
present levels of restrictions. Thirdly, the model could easily be adapted
to evaluate any roster whatsoever in terms of the performance parameters of

the model.

14. It is assumed that a sale is held whenever it is possible to do so, With-
out this assumption, the estimate of the number of feasible rosters that
. can be formulated would be larger. '
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T3 SIMULATION PROGRAMME

3.1 Contents

In this Chapter the simulation programme developed is explained in
relation to the input data, restrictions, and performance parameters included
in the model. Limitations of the computer programms, and, methods of adjust-
ing rosters for these, are discussed.

Programme rosters for three sets of estimated input data for the 1971/72
season are compared with the actual roster formulated by the Wool Auction Sales
Committee for this season. Finally, more general parallels and disparities
between the programme and actuzl roster are made, and, conclusions drawn as to

the adequacy of the computer programme in rostering wool auction sales.

B Estimation and Computer Input of Data

3.2.1 Estimation of Wool Arrivals

Estimates of in-to-store wool arrivals for auction in the eight selling
centres were made by taking unweignted and weighted avérages of arrivals over
the three previous seasons. It is in no way suggested that the best method
of forecasting arrivals was used. The estimates made by the Wool Auction Sales
Committee should be much more reliable as they have sources of information
from men in the field, via the Meat and Wool Boards' Economic Service, and,

a great deal of previous experience in estimating arrivals.
The first estimate made was an unweighted average of the three previous

seasons arrivals at each centre, as provided by the wool broker's.1 The

1. New Zealand Woolbrokers' Association Schedule of Weekly Receipts Into
Store 1968/69 - 1969/70 - 1970/71 Seasons.
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second estimation of arrivals was made by taking a weighted average of the
arrivals for the previous three seasons., The weights, selected arbitrarily,
ware.:

10% of the figure for the 1948/69 season

s

30% of the figure for the 1969/70 season
60% of the figure for the 1970/71 season

Tne unweighted estimation referred to as the "Unweighted Average"
data in programme rosters, gives reliable forecasts if there is no trend in
the seasonal data for wool arrivals, but, fluctuation in quantities occur.
If there is no trend and no fluctuations then any year's data would do as an
estimate of course. If there is no trend in wool arrivals over the season,
and if fluctuations from season to season in arrivals are random, then the
unweighted average technique, taking the average over as ﬁany seasons as
possible, will give the best estimate. "Unweighted Average" data is contained
in Appendix Bi.
However, there appears to be a trend in seasonal wool arrivals, At
present this is a downward trend due to increased private selling and a level-
ling of wool production. If the trend is a continuing one, then the unweighted
average technique will not give an efficient estimate. Taking a weighted
average, with progressively greater weights for more récent data, will improve
the efficiency of the estimate. Using the "Unweighted Average" result and
noldifying it by a trend coefficient will also improve the efficiency of estim-
ation, as may taking a weighted average and applying a similar trend coefficient
correction. The trend coefficient for the latter estimate should be less than
for the former, as the weighted average technique allows for trend to some
extent. If no fluctuations occurred, then the best estimate is made by
correcting the previous year's data by an accurately estimated trend coefricient.

In estimating wool arrivals, by applying statistical techniques to prev-
ious data, the problem of isolating random fluctuations from changing trends
arises., A simple weighted average technique was used, which hopefully removes

errors of fluctuations, yet allows trend to play a role in determining this
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estimate, Data corresponding to this method of estimation is referred to
as "Weighted Average" data, (see Appendix B.‘-ZI) s

A third estimate was mads due to the disparity between the Wool Auction
Sales Committee's estimate of total arrivals, and both the weighted and unweighted
estimates. Consequently resulting programme rosters differed more from the
actual roster than they may have done. The third estimate was made simply by
multiplying the "Unweighted Average" estimate of arrivals, in each centre for

1

n week, by a correction factor. This set of data is referred to as

@

240
"Corrected Average" data. Total wool arrivals in each centre in the "Corrected
Average" data are the same as estimates made by the Wool Auction Sales Committee.

The correction factors for each centre are estimated as follows:

i 3 5 s enti 2 a7
Copvaniion Puokos Vool Auction Szles Committee estimate i total arr;val§7

"Unweighted Average" data estimate for each centre/

So multiplication of "Unweighted Average" estimates by the corresponding
correction factor yields Wool Auction Sales Committee estimates. The values

of these correction factors are given in Appendix B3,

3.2.2 Computer Input of Wool Arrivals

The simulation programme developed iterates day by day, whereas the
data estimates are on a weekly basis., As these estimates can only be approx-
imate, it seemed pointless to try to interpolate the weekly estimates to obtain
daily increments. Consequently, in the model, it is assumed that the cumulative
arrivals figures estimated for the beginning of the week, apply over the week;
no further arrivals occur until the beginning of the next week. It is hoped
that the errors associated with this approximation are no greater than the
errors of approximating daily arrivals by weekly interpolation.

Link programme DISKIM (see Appendix A2) feeds estimated wool arrivals
data into disk storage. In the programme this data is identified by the NB(J)s',
The wool arrivals data fed in is in the form of cumulative wool arrivals at each

centre., The cumulative value is corrected for bales rostered as having been
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sn0ld as the main programme:progresses. The corrected value is shown in the
, 2
NST(J)s' of output.”
One special feature of DISKIM is the programme's ability to handle the
leap year situation When the second year of the roster season is a leap

3

year then the brokers schedule of wool arrivals” includes an eight day week;
this week being from 27th February to 5th March inclusive. By giving variable
K a value of 2 this eight day week is rostered for as such. The inclusion of
this special feature may appear trivial at first glance. It is not, however,
25 exclusion of this feature would mean that the whole roster became out of
phase by one day after February when the second year of the season was a leap

year. This one day is significant as it can mean the difference between

rostering sales on feasible and infeasible days.

3+2.3 The Feasible Sale Days

The programme rosters over the period from the 5th September of the
first year, to the 27th or 28th June of the second year of the season, depend-
ing on whether the second year is, or is not, a leap }ear. This comprises a
period of 297 days.

In general, feasible sale days are from Monday to Friday of any week.
ixceptions occur over the Christmas break and public holidays. For all
centres the exceptions for thg 19?1/?2 season are contained in Appendix Bh.'

Link programme DISKIM feeds all this information to disk storage. A
-1 value is recorded if the day is infeasible; a 0, or +1, value if the day
is feasible. +1 identifies days which are the first of the week, i.e. Mondays
generally, Tuesdays when the corresponding Monday is infeasible, etc. The -+1

value is used to identify 'Monday'h sales.

2. An example of output is presented in Appendix C2,

5. DNew Zealand Woolbrokers' Association Schedule of Weekly Receipts Into
Store 1968/69 - 1969/70 - 1970/71 Season.

4. TYor an explanation of 'Monday' sales refer to Section 2.1.4. Briefly,
'lfonday' sales refer to sales rostered on the first feasible sale day of
the week.
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Link programme DISKMM (see Appendix A3) has the capacity to feed in
the roster days' data for seasons where the second year is not a leap year.
data was being used for runs with different levels of restrictions.

DISKMM and DISKIM convert the general feasible days of the roster into
specifiic sets for each centre. These specific sets are changed by the main
nrogramne on execution so must be reloaded for new runs.

Various infeasible days specific to certain centres, are handled by the
INDMCM subroutine (see Appendix A8). The specific days included for the ﬁ971/72

sezson comprise infeasible days due to regional ammiversaries (see Appendix B5).

a3 Rostering Restrictions and Their Programming

The restrictions included in the simulation programme are:
i. the sale size limits,
i the between sale within centre restrictions,
iii. the between sale between centre restrictions,
ive the closing to sale date minimum period,
Ve the infleasible days restrictions.
In following sections, the specifications for, and programming of, these

restrictions are given.

3+3+1 The Sale Size Limits

These limits are:

Programme Identification

Single Sales : minimum 20,000 bales NSL
maximum 28,000 bales NSU
Double Sales : minimum 40,000 bales NDL
maximum 50,000 bales NDU

The 1limits above are those quoted by the Wool Board, although rigid adherence
to them is not maintained by the Wool Auction Sales Committee.

In Chapter IV the sale size limits are parametrically varied. Consequently,
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the 1limits are fed into the computer by means of a data card. This is
achieved via subroutine INITNM (see Appendix A6).

Inforcement of the sale size limits is done within sections III and

VI in link programme SELLEM (see Appendix A9).

5.5.2 The Between Sale Within Centre Restrictionsa

The between sale within centre restrictions effectively limit, in some
instances, the period between sales in any centre. These restrictions are
necessary due to the peried required to break down the past sale and prepare
for the next sale., Variables effecting this period, assuming fixed labour
and equipment, are the size of the two sales and the extent of wool preparation
rzguired for them._ Restrictions between centres vary, due mainly to the
inf'luence of the latter variahle.

The restrictions made available by the Wool Board are summarised below

in Table 3.1,

TABLE 3.1 THE BETWEEN SALE VITHIN CENTRE RESTRICTION

Sale Seguence Single Single Double Double

to to to to
Centre Single Double Single Double
Auckland 28 34 30 L5%
Wanganui 28 401 35x ASI

Napier 28 39 35 42
Wellington 28 ;0% 35> 15"
Caristchurch 28 L0 37 L5*
Timaru 35 45" L0* 50™
Duriedin 28 40* 35 15=

Invercargill 28 L2 | 33 L5

z Estimated, Not available from Wool Board due to no experience of this
sequence having occurred in the relevant centre.
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These betweer sale within centre restrictions are recognised as variables
in the programme. They are parametrically varied in Chapter IV. The values
forr any run are fed in via subroutine INITNM; the values on the data cards
veiiny one day less than the quoted restriction values in order to allow cycles
of uzles in a centre of the relevant restriction value., For example, 28 day
sale cycles for single sales in Aucklénd can be achieved by feeding the restrict-
ien value in as 27 days. Feeding the value in as 28 days could only give a
rinirum f 29 day cycles,

The between sale within centre restrictions are enforced within sections
IV, V, and XI of link programme SELLEM, Section XI closes off (or makes in-
feesible) the minimum period until a future single sale may be held in the
centre for which a sale has just been rostered. Section IV and V check out
the situations where the proposed sale is a double one to see if the period
tiet has elapsed since the last sale in the céntre is not violating the single
to doevble or double to double minimum period (as the case may be).

2.3.3 The Minimum Closing to Szle Date Period

A closing date for the sale is set in order to allow wool brokers to
melte lest preparations for a sale. Bales arriving after the closing date are
not generally processed for inolusion in the sale.

The minimum period for this restriction was given by the Wool Board as
five dayz. In the programme, however, this value wzs increased to seven days
du# to the structure of the programme. With a five day minimum, bales arriv-
ing on say a Friday, could be sold the next Wednesday. This effectively allowed
only three days to process the Friday arriveals (if the weekend days were assumed
non-work days). Increasing the minimum to seven days énsured, in most instances,
that at least five work days were included in the closing date to sale date
perioed,

Enforcement of this minimum period is effected in link programme SELLEM

(see Appendix A9), by estimating bales available for sale, from those wool
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arrivals that were in store seven days previous to the day being considered.
Section II of SELLEM includes the operation of this constraint. The minimum
value placed on this restriction is initislised in subroutine INITNM and carried

througn as wvariable XKL to SELLEM,

3.3.4 The Between Sale Between Centre Restrictions

hese restrictions allow buyers time to evaluate wool in different

k

centres, when they apply within an Island, and, allow communication between
buyers in different Islands. Attendance of sales in both Islands is also made
possible by this restriction.

The between centre between Island restriction reguires that at least one
day must elapse between sales in different Islands. For sales within an Island
Tour days between sales must elapse. For double sales these periods must be
vetween the last auction day of a previous double sale, and the first auction
day of the next sale. Double sales comprise a day's auctioning, a space of
one day, then the second day's auction. So the period between the first day
of a double sale and the next auction day (in another centre), must be six days
i the centres are in the same Island, and three days if they are in diffrerent
Islands,

These restrictions are enflorced in section V of link programme SELLEM
(see Appendix A9), by meking the appropriate future days in the relevant centres
infeasible sale days. The restriction values are treated as variables in the
programme and are initialised in subroutine INITNM. The values used were

provided by the Wool Board.

%.3.5 Infeasible Day Restrictions

Infeasible day restrictions are handled in two ways in the programme,
depending on whether the infeasibility relates to all or some centres. Gen-
eral infeasibility is covered by the MUN(I) variable, found in sections II and

XIIT of link programme SELLEM (see Appendix A9), A -1 value for this variable
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means that the day it identifieé'is an infeasible sale day in all centres.

Specific infeasibiliﬁy is covered by the set of MC(J) variables where
J identifies the centre. A zero MC(J) value indicates that the associated
day is infeasible for a sale in that centfe.

Iientification of specific infeasibility was necessary to allow for the
specificity of between sale restrictions (within and between centres). Spec=
ific infeasibility is first :introduced in subroutine INDMCM to recognise

regional amniversaries in various centres.

Sk Performance Parameters in the Programme

Performance parameters measured or estimated in the computer programme
for each centre and the total system are:
i. pre-sale wool storage in brokers' stores - measured in
bzale-days,
ii. bales held over, weighted by the period they are held over
- me2asured in bale-days,
iii., the average closing date to sale date period - measured in days,
iv. the number of single and double sales,
v. the number of 'Monday' (first feasible day of week) sales.

4 full description and explanation of these parameters may be found in Section

5s421 Pre-Sale Wool Storage

Pre-sale wool storage in each centre is estimated by subtracting the
effective removal of storage due to sales, from total possible storage if no

sales were held. This is explained in Figure 3.1 below for one centre.
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WOOL STORAGE ESTIMATION
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Total possible storage = area under cumulative arrivals curve

Storage removed = areas I + II + III.
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number of sales rostered in a centre.
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In the programme the integral technique is not used due to the steppad
nature of the cumulative arrivals curve, which results from the assumption
in the model that érrivals fo; any week occur at the beginning of that week,
(see Section 3.2.2).
Total possible storage for each centre in the programﬁe is estimated by

the equation:

5, = (NBi-NBi_1) (Tmax- i) (vale-days)
i = day being consi&ered- (i=1,....Tmax)
Si = storage on day i in the centre
NB, = total (cumulative) arrivals by day i in that centre
NBi_1 = total (cumulative) arrivals by the day before i in
that centre
Tmax = length of the rostersd period (in days)

Tmax
Total possible storage = :E: S, (vale-days)
i=1
iy n
max
Nebt storage = By = 85, . (Tmax-Tk)
i=1 k=1
Numzrical Example: i
) max
Let total possible storage ( Si ) = 30,000,000 balz-days
i=1
time of first sale (T1) = 50 days
length of season (Tmax) = 300 days
sale size of first sale (ss,l) = 40,000 bales
Storage removed by first sale ) = Sb1 > (Tmax-T1)
= 40,000 x (300-50)
= 10,000,000 bale-days
Therefore net storage after first sale = 30,000,000 - 10,000,000

= 20,000,000 bale~days



68.
This estimation of pre-sale wool storage is approximate for two reasons:
i. the assumption of stepped cumulative arrivals curves ( in weskly
increments)
ii. the method of estimating storage removed by sales assumes that pre-
sale storage ends on the day of the sale, and for double sales this
is azssumed to be the first day of auction. Conseguently storage
removed for any ceatre is slightly over estimated for double sales.
Errors, due to assumptions i. and ii. above are not considered important. Error
1. is a consistent error for all rosters made on the basis of the same data; the
rror would be quite small even if smooth cumulative arrivals curves were used.
Total possible storage is estimated in section XIITI of link programme
SBLIEN (see Appendix A9). SELLEM starts seven days after the beginning of
tne season (September 5th), due to the constraint that bales must be in store

seven days before they are sold (the closing date to sale date constraint).

e

U

ne storage occurring over these seven days is estimated in subroutine STARTM
(see Appendix A7) prior to execution of the rostering programme SELLEM.
Storage removed due to sales is calculated in section VIII of SELLEM by

the method indicated earlier in this section.

3,..2 Bales Held Over

A weighted measure of bales held over is calculated. Bales held over
from a sale are those bales which are in brokers' stores (in the relevant
centre) on the day of sale, but are not included in the sale offerings.5 The
number of bales held over from a sale, is multiplied by the period they are
neld before being sold, to give a weighted measure of bales held over.6 This

weighted measure of bales held over is more appropriate with respect to goal

5. Bales held over comprise wool arrivals after the closing date but before,
or, on the sale date for a sale, and, bales which cannot be included in a
sale due to sale size constraints.

6. PFigure 3.2 presents a graphical explanation of this weighting technique.
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achievement of producers than to short term goal achievement of brokers. The
weighted performance parameter 1is é determinant of the.interest cost to growers
resulting from delayed sale of their wool, and, a measure of the exteant to which
some wool producers are descriminated against by the roster in having their wool

3 7

held over. Costs to the brokers, assuming fixed long term storage facilities,

rs

elate only to the number of bales held over; this number being a determinant of
double handling reguirements, Consequently, the weighting of bales held over by
the period they are held over, is not as directly significant in the short term to
brokers. Though not summarised, the number of bales held over from each sale can
exsily be found by subtracting the number of bales rostered for each sale from the
bales in store at the time of each sale. Hence the apparent shortcoming of weight-
ing the bales held over parameter, in terms of brokers goals, is not severe.
Bstimation of the weignted bales held over values for each centre is done

by the method indicated in Figure 3.2 below.

FIGURE 3.2 ESTIVATION OF BALES HELD OVER : ONE CENTRE
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Shaded areas represent weighted measures of bales held over from the respective
sales.

7. Descrimination occurs against producers whose wool is held over, as these
producers incur higher costs in terms of interest foregone on the value
of their unsold wool, (see Section 2.1.4).
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X
B0, = NB - S8,
p=1
WBHO, = BHOK . (Tk+1 - Tk)
BHOk = bales held over from sale k
wBHok = the weighted measure of bales held over for sale k
k = sale identification, k=1,....n
n = total sales rostered in the centre
58, = size of sale k in that centre

z SSP = sum of bales sold in sales 1,....k

P:‘I ui"r
Tk = day of sale k
NBk = cumulative arrivals by sale day k

Total weighted bales held over in any centre equals

n n+1
Z WBHO, = Z BHO, x (Tk+1 = Tk)
k=1 k=1

It can be seen from the equation above that no estimate of bales held over,
(weighted by the period they are held over) can be made for the last sale (n),
as there is no value for the day of the next sale (n+1). A value of Tmax could
have been put on Tn+1' This was not done, however, as it seemed to add nothing
in terms of accuracy in measuripg bales held over, The problem does not arise
when total arrivals are rostered for sale (as in adjusted programmes). This is

discussed further in Section 3.6.2 of this Chapter,

Numerical Example:

50 days

Let time of first sale (T1)

time of second sale (T2)

100 days

cumalative arrivals (NB1) 30,000 bales

25,000 bales
NB,_ - i SS
P
=

= 30,000 - 25,000

n

size of sale (SS1)

Bales held over from sale 1 (BH01)

= 5,000 bales
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Wrnighted measure of bales held over from sale 1 (WHB01) BHO1 » (TZ_T1)

1

5,000 x 50

I

250,000 bale-days
Bazles may be held over for more than one sale. This situation would
arise when:
BHOk_1 > SSk '
i.e. when more bales were held over from fhe previous sale, than are being
sold in the present sale. The technique of weighting explained in Figure 3.2

(and discussion) requires no further refinement to handle bales which are held

over for more than one sale,

3403 The Average Period Between Closing and Sale Dates

Estimation of the closing to sale date periods for sales is made by
looking back to see how early a sale could have been closed, i.e. how long
ago were there sufficient bales in a centre to allow a sale of the rostered
size. As indicated earlier this period must be no less than seven days.
Interest now lies in those sales unrestricted by this minimum restriction.

This performance parameter has implications in pre-sale storage, and,
bales held over, for that period of the season when cumulative arrivals are
increasing rapidly. Longer than minimal closing to sale date periods imply
that more bales are available for sale, than have been rostered for sale.

Mathematically the programme estimates the closing to sale date period
for any sale in a centre by the means indicated in Figure 3.3 (and discussipn)

below:
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PIGURE 3.3 ESTINMATION OF THE CLOSING TO SALE DATE PERIOD : ONE CENTRE
100+
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Reflerring to Figure 3.3 above:

SSk = ﬁize of sale k in the centre

Tk = +time of sale k

Ck = closing date for sale k
Closing to sale date period = Tk - Ck

The objective of this performance parameter is to:

Maximize T. - C,
k X
k
Subject to NB = :E: 85
% Cr D
=1
NBQk = cumulative arrivals by day Ck
s
:E: SSp = sum of sale sizes rostered since the
P:

beginning of the season (including the sale
under consideration)
In the programme the maximum value for Tk - Ck (the closing to sale date
period) is restricted to 15 days.a It was felt that periods longer than this

would be of limited interest.
Y

8. A maximum value of 15 days was specified to save computer time.
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The sum of the closing to sale date periods for each sale in each centre,
is divided by the number of sales in each centre, to give an average value for the
parameter. Estimation of the period for each sale is made in section IV of SELLEM

(see Appendix A9). Averaging is done in link programme PARAM (see Appendix A10).

3.%.4+ The Number of Single and Double Sales

Sums of single and double sales in each centre are calculated in section

VI of SELLEM and reported by link programme PARAM.

jalrab  'Monday! Sales

As pointed out in Section 2.1.4 the placing of 'Monday' in éuotation marks
is used to indicate that it refers to the first feasible day of the week. These
days are identified in the programme by a +1 value for their corresponding MUN(I)
value. Estimation of sales in this category for each centre is made in section

VIII of SELLEM.

3.5 ther Features of the Computer Programme

In this section special features of the programme pertaining to decision

processes and double sales are discussed,

3.5.1 Sale Sizes
The programme maximizes the sizes of sales rostered within the constraints
of the model., The method of maximizing sale sizes in a centre is as follows.
Initially the programme establishes whether the day (stage) being considered
is a feasible sale day for the centre. If it is a feasible sale day, the amount of
wool available for sale in that centre, seven days earlier (the minimum closing to
szle date period), is estimated. If this quantity is greater than the double sale
size minimum limit, the programme determines whether a double sale may or may not
be held. Vhen a double sale may be held then either the upper double sale size
limit, or the amount of wool available at the latest possible closing date, is
the maximum sale size that pan'bé rostered in that centre. If it is not

feasible to hold a double sale then the upper single sale size limit is the
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maximum sale size that can be rostered in that centre on that day.

I? the quantity of wool available for sale (Sevgn days beflore the day
being considered), is less than the lower double sale size limit then only a
single sale may be rostered. Either the upper single sale size limit, or, if
less, the amount of wool available, determines the maximum sale size that can
be rostered for that day in that centre.

Where wool available in the centre, on the latest feasible closing date,
is less than the lower single sale size limit, then a sale cannot be held in
that centre on that day, and, the ceantre is.disregarded in further decision
processes for that day of the roster.

On any day, sale sizes are maximized {as above) for all ceatres in
waich it is feasible to hold a sale. Section 3.5.3 contains an explanation
of anotiaer decision process, by which one of these centres may be chosen as the
venue for a sale on the day being considered.

The decision to maximize sale sizes was included as an attempt to include
an implicit heuristic procedure in the model; heuristic with regard to the pre-
sale storage and bales held over performance parameters. The ambitions of this
dzcision process may not necessarily be realised due to interactions between sale
size and time restrictions. The programming pertaining to this decision procedure

is contained in sections II and III of SELLEM (see Appendix A9).

3.5.2 Double Sales

Double sales pose two special problems. The first lies in the between
sale within centre restrictions. These restrictions require additional pro-
gramming to handle a proposed double sale., This programming was mentioned in
Section 3.3.2 of this Chapter. Secondly there is the problem of programming
to include the second day's auctioning in a double sale. Double sales are
composed of two days auctioning separated by a day of no trading. In roster-
ing a double sale the programme must look ahead to ensure the second day of the

sale (second auction day) is a feasible sale day for that centre. The period
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between the auction days must be one day and no more than one day. i.e. a
double sale separated by a weekend is not permitted.

Sections IV and V of SELLEM (see Appendix A9) implement the special
features of double sales; most of the relevant prograﬁming is in the first
half of section IV, however, other important pathways are found in the latter

part of this section, and, in section V.

3.5.3 liore Than One Feasible Sale Centre on Any Day

hen it is feasible to have a sale in two or more centres on any one
dzr, the procedure is to select that centre with the maximum number of bales
available as the sale centre. When two centres have (say) 30,000 and 35,000
bales available for sale, yet only 28,000 can be sold due to the upper sale size
constraint on single sales, then the centre with 35,000 bales would be selected
oy the programme, This dECL;iOH can, however, be overruled by a further dec;
ision process discussed in the next section. When overruling occurs the centre
with 30,000 bales available may have a sale rostered, although again the over-
ruling decision process may intervene in this centre, The decision procedure
explained above is aimed at lowering pre-sale storage by keeping the upper limit
on bales in store as low as possible over all centres. This effect carries over
to bales held over also.

Sections II, IV and V of SELLEM (see Appendix A9) contain programming

relevant to this decision procedure.

3.5.4 The Single/Double Sale Decision Procedure

The nature of the between sale within centre restrictions is such that
it frequently becomes feasible to hold a single sale in a centre earlier than
a double sale. This occurs when the restrictions referred to are effectively
ey

A procedure was developed which estimates, over a limited range of the

roster, the pre-sale storage differences between holding a single sale now or




4 double sale later. Apolication of this decision process will also go some
wa,; to decreasing the extent of held over bales. The decision process is
_explained for one centre in the following figure. The procedure is referred

to as the single/double decision procedure,

PIGURE 3.4 THE SINGLE/DOUBLE DECISION PROCEDURE
1001
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Referring to Figure 3.4 above:

k = sales 1,.eeen

n = total sales held in that centre
Tk = +the day of sale k

SSk = sale size of sale k

.The decision to make is whether to have a single sale at T2 or a

double sale at T3 where T3-> T2' The decision problem does not arise when

T, = T, as a double sale will be rostered according to the decision process

2 3

described in Section 3.5.1.
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If a single sale is held at T2 then the earliest possible date of the
next sale in that centre is-Th_where TA-— T2 equals the minimum between sale
within centre restriction for a single-single sequence in that centre. Stor-

age saved between T2 and T, for a single sale equals

L

55, Ty
If no sale is held at T2, but a double sale is held at T3’ then the storage
saved to T4 equals

58, « (T, -T
3 ( L 3)
The common storage saving equals
88, . L3, =T
By = B,

‘e net difference in storage saving between a double sale at T3 and a single

H

sale at T

=]

) = area II - area I
) (ss3 - S8 )(T 3) - SSZ(Ts-Tz)

where T CST) represents pre-sale storage saved.

=

S

i i3
1eBo £ (8

=

T £

£ P (87) is negative then a single sale is selected at T2.
If £ (ST) is positive then a double sale is selected at Tj'

Vhen a positive £(ST) situation occurs no single sale is held in the centre

concerned. However, a double sale in that centre may not be rostered until
after TB' This situation arises, when in the perioid from T to T3, other

sales in other centres are rostered, and the time constraints resulting from
these sales forces the postponment of a double sale in the relevant centre at T5'
Experimentation showei.that phasing out double sales that were marginal
with respect to this decision procedure, gave improvements for some performance
parameters.9 The method of phasing out such double sales is described below.
This single/double decision procedure gives the model flexibility in

rostering., By varying the operating rules of this decision process, rosters

9. Relevant experimental results are presented in Sections 3.6.1 and 4410
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can be formulated with varying ratios of single to double sales. The operat-
ing rule described above involved comparing £(ST) to zero. More single sales
arc rostered if £(ST) is compared to some positive value. In Section 3.6.1,
it is seen that comparing £(ST) to 100, 200, 300 and 400 thousand bale-days,
in sequence, gives rosters with progressively higher single to double sale
ratios, (because F(ST) must be greater than the value assigned for comparison
before a double sale is held in place of a single sale).

The decision process mentioned in this and the previous section are
included in SELLEM (see Appendix A9). The bulk of the programming for
implementation of the decision process described in this section, is contained
in sections IV and V of SELLEM, and, is only operational when sense switch 2 of

the computer is on. The decision variable is named NEIT in the programme.1o

546 Rosters for the 1971/72 Season

Rosters were deriyed from the three data sets (see Section 3.2.1) using
the restriction values given in Section 3.3. Some of these rosters were adjusted
to be compared with the Wool Auction Sales Committee's roster for the season.

This adjustment involved two aspects. Firstly there was the adjustment
of sale dates, within the constraints, to give what was felt to be better rosters.
The programme rosters tended to favour one day of the week for sales., This
favouritism occurred because of: the weekly increment assumption for arrivals,
(see Section 3.2.2), the se;en day closing to sale date restriction (see Section
3.3.3), and, because the between sale within centre restriction periods are

often in weekly increments (see Section 3.3.2). These factors combined in

10, Programme variable NETT corresponds to f(ST) above.
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such a way as to give many sales in weekly increments, resulting in a large
nunber of 'lMonday' sales being rostered. These sale days are changed to

other days of the week where this can be done without violating rostering

Secondly, the programme rosters do not roster all wool for sale.
It is possible to adjust sale sizes and dates towards the end of the season,
within the constraints of the model, to roster this unsold wool for sale.

These two aspects of adjusting programme rosters gave modifications
which were such that fairer comparisons with the Wool Auction Sales Committee
roster could be made, Link programme SELLEM (see Appendix A9), by means of
sense switch 3, allows for rosters to be altered for both date and time
of sale, and re-run to re-estimate performance parameter Values.11 Other
than evaluating adjusted rosters, this capacity of the programme allows for
evaluation of rosters derived independently of the programme, by perhaps
different decision processes.

With regard to selling all the wool, it may be argued that it would
be desirable for the programme. to do this. At one stage the programme did
have this capability (see Appendix A11) but this was later remm.rr—zél..‘[2

5.5.1 Programme Rosters

L]

Programme rosters for "Corrected Average" data were derived for five

values of the single/double decision variable (see Section 3.5.4). The
decision variable is referred to as "NETT" in the progfamme. The results of

these runs are summarised in Table 3.2 below.

11. Rosters obtained from the programme are referred to as "programme rosters'.
Programme rosters, which are adjusted by hand and re-run, are referred to
as "adjusted rosters". '

12. Mr. J.D. Fraser, Manager of the Wool Board, suggested that this refinement
of the programme was of little practical significance, due to errors in
estimation of wool arrivals giving wide variability in estimates over the
latter part of the season.

§r
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TABLE 3.2 PROGRAIMME ROSTERS FOR "CORRECTED AVERAGE" DATA

apic Single/Double Decision Varizhle Value
Performance

el o NETT : O |NETT : 100 |NETT ; 200 |NETT : 300 | NEIT : 400

Pre-5ale Storage '

('000 bale-days) 65,690 56,116 56,415 60,134 60,146
Bales Held Over

{1000 bale~-days) 27,0 22,126 23,080 29,609 29,971
o onaiRoutle 19:19 51:12 31:12 40:7 42:6

Average Evaluat=— "

ion Period 14.55 10.97 11.20 11 o34 11.12
(dqys)

'Monday' Sales 27 27 26 29 25

The results in Table 3.2 above indicate that the NETT : 100 decision rule
was likely to give the best programme rosters, in terms of the pre-sale storage
and bales held over performance parameters. Although the average evaluation
period (closing to sale date period) is lowest for the NETT : 100 decision rule,

4=

t is still relatively high, and, well above the minimum requirement of seven

]..h

dsy3. Sale numbers are higher for the NETT : 100 than the NETT : O programme,
but appear more realistic in terms of past rosters. Furthermore, the vast
differences in storage and bales held over between these two rosters, were con-
sidered to outweigh the disadvantages in sale number differences. Table 3.3
inﬁicates that the differences between the NETT : O and NETT : 100 rosters

renzined consistent for the other two data sets.
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TABLE 3.3 PROGRANMME ROSTERS FOR "UNWEIGHTED AVERAGE" AND 'CORRECTED AVERAGE"
DATA SETS
Performance "Unweighted Average" "Weighted Average"
Data Data
Parameter
NETT : O NETT : 4100 NEIT 0 NETT : 100
P“G—Sale S orage
(1000 bale-days) 58,753 48,103 52,082 5,275
Bzles Held Over
(1000 bale-days) 20, 866 15,716 18,233 17,309
L 18:17 28:12 26:1312 25:14 17
Average Evaluat-
ion Period 11.02 9.97 10.76 10.07
(days)
'Monday' Sales 26 26 25 27

Tables 3.2 and 3.3 indicate relationships between performance parameter
vailues and total expected seasonal arrivals.14 As expected arrivals increase
so do pre-sale wool storage and bales held over. This is expected as a greater
quantity of wool is being processed through the system, under the same levels of
constraints. Double sales would be expected to become more predominant, and,
the average evaluation period would probably increase with more offerings.

These latter hypotheses are not strongly supported by the results. They would

probably be better supported if a wider range of expected wool offerings was

13. In Table 3.3 an inconsistency occurs in the single:double sale number ratio
for "Weighted Average" data rosters. This is not reflected so much in the
dircction of changes in other performance parameters, but is indicated by
the extent of these changes. The values have changed in the right direct-
ion, but not by nearly so much as for comparative rosters based on other
dzta. The cause of the discrepancy lies' in decision processes other than
the single/double process, having overriding effects on the roster format.

14, Total seasonal arrivals increase from "Weighted Average" to "Unweighted
Average" to "Corrected Average" sets of data.
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S . . . 1
ineluded in the experimentation. 2

Appendix C2 contains an example of a programme roster as printed by the

abter. The specific roster is for "Corrected Average" data based on the

Five of the programme rosters were adjusted for comparison with the Wool
Auction Szles Committee's roster. The Committee's roster was corrected to fit
tiie data used. This was done by assuming the same sale dates and sale sizes
wiarever possible, but decreasing the sale sizes where required by the data.
Consequently, sales of only 3,000 bales are apparently rostered. IIn such cases
t7e comparison is invalid due to breaching of constraints by the Committee's
roster, A direct comparison is possible in the case of "Corrected Averagé"
datz rosters, as the data is such as to avoid breaching of sale size constraints

by the Committee's roster. Results and comparisons are made in Table 3./ below:

TABLE 3.4 ADJUSTED ROSTERS FOR THE ‘1971/?2 SEASON
PERFORNMANCE PARANETE
; ” Pre-Sale ({Bales Held Single: Average 'Monday!
QMmy
LIS D Storage Over Double Bvaluation Sales
ROSTER (*000 ('000 bale- | Sales Period
bale-days) days) (days)
"Unwelghted
Avarcage"
NETT : O 59,266 23,590 25397 12.16 b
NETT : 100 50,669 20,213 35:12 12.08
Committee 50,233 23,816 45:9 9.79 15
""-'-’eighted
Average"
NETT : O 53,205 21,770 323153 2.3 6
NEIT : 100 53,126 21,102 30:14 11.45 6
Committee 46,337 20,306 45:9 8.96 15
"Corrected
Average"
NETT : 100 58,445 - 25,317 36:12 12.54 7
Committee 62,882 34,469 45:9 41,59 15

15, The NETT:100 programme roster for "Weighted Average" data does not fit the -
patterns indicated. This problem of "non-conforming" rosters is discussed
further in Section 4.11. y



83.

Tables 3.2, 3.3 and 5?1 can be compared to see the efTfect of adjusting.
rosters on performance parametecrs. Adjusted rostecrs have highee pre-salé storage
requirements than programne rosters. This is due to two activities in the
aijustment process. Firstly, sales are often held later in adjusted rosters
(on later days of the week). Secondly, sales towards the end of the season,
mzy be delayed or reduced in size to allow all wool to be rostered for sale.
lhese Tactors cause storage requirements to be higher in adjusted rosters.

Bales held over are higher in adjusted rosters than in programme rosters.
ha factors causing this are the same as those causing increases in storage.
Farthermore, adjusted rosters include more sales generally; this means there
are more sales from which bales can be held over.

The single to double sales ratio increases when rosters are adjusted,
due to tidying up programme rosters at the end of the season. This process
frequently involves rostering additional single sales at the end of the season.

The average evaluation period increase is somewhat less then two days.
This is caused largely by shifting 'Monday! sales forward two days, where this

i3 possible without violating constraints. In programme rosters not all sales
fall on 'llondsys', nor, can all 'Monday' sales be shifted forward (as the results
show). S5 the resulting increase in the average evaluation period falls some-
what short of two days when programme rosters are adjusted.

In comparing adjusted programme rosters with the Committee's roster,
the point of wvalidity of comparison mentioned earlier in this section is import-
ent., In Table 3.4, the Committee's roster is seen to perform differently when
corrected for the various data sets, As estimated total wool arrivals figures
decrease, the Committee's roster performs better (except for the average evaluat=-
ion period parameter). However, this better perforqance is coupled with
increased violation of sale size constraints. So although it is invalid to
compare "Unweighted Average" and "Weighted Average" rosters with the Committee's

roster, an important aspect has been brought out. This is the role of constraints

in determining the performance of a roster. Quantitative measures of the
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importance of constraints on the system are made in Chapter IV,

Valid comparisons can be made between the adjusted programme roster
derived from "Corrected Average" data, and, the Committee's roster. Using
tais data, the Committee's roster does not violate the sale size restrictions.
Table 3.4 indicates that rostering with a lower single : double sales ratio
improved the performance of the system for all measured perflormance parameters.
Czlculations in Section 2.1.4 suggest that the importance of savings in pre-~
sale storage, in terms of interest alone, are very significant. The adjusted
orogrammne roster involves 58,445,000 bale-days of pre-sale wool storage; the
Comaittee's roster involves 62,882,000 bale~-days. This difference in terms
of addsd interest earnings, is in the vicinity of $80,000. The adjusted
roster for the NETT : 100 decision rule, and the Committee's roster, are pres-

entad in Appendix C1.

3.£.3 Within Centre Performance Variability

In the previous two sections, the results indicated consistency in
directional changes in performance parameter values, with changes in estimates
of wool arrivals, and, operating rules. This consistency does not carry over
for individual centres. An indication of the extent of centre inconsistency,
is given in Table 3.5 below;‘rthe probable causes of discrepencies is discussed

following Table 3.5.
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TABLE 3.5 INCONSISTENCIES WITHIN CENTRES
PRIZ-SALE STORAGE ('000 bale-days)
"Weighted Average'Data Committee
CENTRE Programme Rosters Adjusted Rosters fostes
NETT 0 NELT : 100 NETZ : O NETT : 100
(1) (2) (3) (4)
Auskland 5,856 5,883 6,048 6,288 5,278
Vanganul 4,392 5,442 4,643 6,074 2,978
Tapier 12,415, 11,926 12,590 12,062 11,391
7sllington 5,699 6,883 5,935 7,059 I, 928
Christchurch | 6,435 6,387 | 6,528 6,380 6,935
Timaru b, 112 3,704 2,871 2,771 2,860
Dunedin 5,036 4,992 6,156 5,976 7,863
Tavercargill | 8,138 6,058 8, 43l 6,515 4,104
|
TOTAL 52,082 51,275 53,205 53,126 16,357

In Table 3.5 above the pre-sale storage periormance parameter is used as
an example of the inconsistencies that occur within centres in terms of perform-
ance parameter changes. Tnils Table shows inconsistencies in performance param-
eter changes within centres, for rosters derived under different decision rules
(columns (1) and (2), and, for rosters in the programme and adjusted states
(compare columns (1) with (5), (2) with (4)).| The performance parameter values
are approximately in line with those for the Committee's roster. If anything
the Committee's roster favours the smaller centres (Wanganui and Timaru) more
than the larger centres, with regard to pre-sale wool storage. Table 3.6
indicates individual centre performances by the Committee's roster and the

directly comparable "Corrected Average" roster.



TABLS 3,6

INDIVIDUAL CENTRE PERFORINCES

CENTRE
Parameter and = ; _ = = = i =
Auckland |Wanganui | Napier Well- Christ- | Timart Dunedin | Invercar- | Totals
Roster inghon church gill

Pre-Sale Storage
(*000 bale-days)
"Corrected Average"(i)| 7,743 L,315 15,601 6,316 6,811 3,357 | 5,702 8, 620 58,445
Sonmitteel i) 8,559 3,855 16,067 7,590 8,059 3,161 9,699 5,884 62,882
Bales Held Over
(1000 bale-days)
"Corrected Average" 2,906 1,180 10,264 | 2,454 2,686 61 | 1,171 3,992 25,317
Committes 4,462 1,062 11,848 | 4,427 ), 201 511 5,962 1,996 3, 469
Singie:Double Sales
"Corrected Average" 52 5:0 Bl F2 2 6:1 L:0 ril ) 36:12
Committee 6:2 6: 553 7:0 5:1 4:0 6:1 5:2 L5:9
Average Evaluation

Period (days)
"Corrected Average" 1457 10.80 14..57 12.60 13.42 At 3 11,16 13.42 12,54
Committee 10.87 8,50 1502 13.28 11.85 11425 15,00 7.00 11.59
'Monday' Sales
"Corrected Average" 1 1 1 0 0 0 e
Conmittee 3 1 3 1 1 0 3 3 15
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(i) "Corrected Average" is the adjusted roster derived from "Corrected

Average" data using the NETT : 100 decision rule.

(ii) Committee refers to the Wool Auction Sales Committee roster for 1971/72.

Table 3.6 gives a useful indication of the extent to which performance
parameters can vary within ceatres, for rosters which are not vastly differ-
ent in overall performance. Tne apparent reversals for Dunedin and Inver-

Fal
L

cargill are of special note in this context. The difference is due largely

to the "Corrected Average" roster including an early double sale for Dunedin.
Tais small change in format, early in the roster, significantly effected the
performance of that centre, and, is useful as an example of why within centre
discrepancies occur.

The variability of performance parameter values within centres can be
attributed to the "chunky" nature of operatibn of the system, When a sale
is rostered in a ceantre over 255 of that centres total season arcivals may be
involved. Consequently shifts in the timing of the sale, by only a few days,
will radically change the pg{formance parameters of that centre; especially
the pre-sale storage and bales held over parameters. Because significant

shifts in the rostering format occurs between different rosters, the within

ceatre performances are rather unstable,

Bl Summary

Insofar as the performance parameters of the model are concerned, the
programme appears to be reasonably efficient at rostering wool sales. Further-
more, the inherent flexibility of the programme enables a variety of rosters to

= generated. Control of the rostering format through the single/double
decision procedure could perhaps be improved to give finer control of the
roster format produced by the programme. Such improvements could include

different decision rules for individual centres, and, varying degrees of
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imposition of the rule, (through the NETT16 variable) at different times
of the season.
Variability in performance parameter values for individual centres
has undesirable connotationé in terms of long term plamming for storage fac-

ilities etc. However, the study was aimed at the system as a whole, with

1

1ore emphasis on total system performance than on individual centre perform-

ances. In attempting to improve total system performance, the programme
tends to improve all individual centre performances also. Individual ceatre
performances would probably average out satisfactorily if runs over a wide
range of data estimates were carried out.

The programme appears to be sophisticated enough to be used as an aid
to rostering. Firstly, it is useful in establishing a range of bases from
wiich the final roster can be derived. Secondly, it allows the measurement

£

of some hitherto unmeasured pérformance parameters.

The results obtained indicate that better rosters may be formulated,
(in terms of the performance parameters of the model), if more double sales
were rostered, (than were rostered by the Wool Auction Sales Committee).

On the basis of these findings the Committee considered rostering a higher

proportion of double sales for the 19?2/?3 season.1?

16. The meaning of "NETT" is given in Section 3.5.4
17. This information was provided by Mr. J.D. Fraser, Manager of the Wool
Board, and convenor of the Wool Roster Sub-Committee.

."
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CHAPTER IV

EXPERIMENTATION WITH THE MODEL

LA The Purpose of Experimentation : Data Used

In Chapter I it was pointed out that the system under study is under-
going change. Proposals effecting the wool auction system need to be care-

fully evaluated, in terms of performance of the system, before being imple-

H

ented. It was argued that measurement of performance of the system, under
vicying conditions and structures of the system. can be achieved by experi-
meating with a2 model of the system, in lieu of experimentation with the real
world problem., The roster problem is a sub-system of the wool auction
marketing system. Experimentation with a model of this sub-system, and
measuring the performance of the sub-system under various experimental con-
ditions, provides useful information for management to evaluate proposed
changes to the system. Consequently, the simulation model of the roster
problemn was formulated with sufficient flexibility to carry out experimentation.
The extent of this flexibility is indicated in the model development sections
of Chapter IIT (Sections 3.2 to 3.5).
Experimentation in this Chapter is aimed at evaluating the performance

of the roster for the following changes to the marketing system:
B an increased rate of sale of wool at auction, (Section 4.2)
x5 changes in wool handling'rates in wool brokers' stores,

(Section 4.3)
iii. the interactions between changes in the rate of sale at

auction and handling rates, (Section 4.l4)
iv. increases in the upper size limits of wool sales, (Section 4.5)
V. the abolishment of 'Monday' sales, (Section 4.6)

vi. a decrease in the number of auction centres, (Section 4.7)
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vii. ean even rate of sale of wool (consistent quantitative
offerings on a weekly, monthly, or quarterly basis),
(Section L..8).

The reasons behind these proposals are presented in the sections
indicated with each experiment above. Each section includes the practicabil-
ity of introducing the changes, and, the results and conclusions drawn in terms
of' the roster problem.

-

Most of this experimentation is carried out on a ceterus paribus basis,

i.e, it is assumed that parametric variation of one restriction does not é&fTect
other restrictions. Obviously this is an unrealistic assumption. However,
in isolating the effects of each restriction independently, insight is gained
into the likely performance of the system if restrictions vary together. For
example, the sale size limits can be varied independently of the between sale
within centre restriction; then the between sale within centre restrictions
variel Jently of the sale size limits. On studying the effect of these
restriciion variations independently, insight should be gleaned as .to how the
restrictions would react together. It will be seen that the results obtained
for these restrictions varied indi%idually are used to fase hypotheses for
experiment iii. on, (where both restrictions are varied simultaneously).

The bulk of the experimental runs used the NETT : O decision rule
(see Section 3.5.4). Rosters were not adjusted to give improved sale days
or to sell all wool arrivals (as in Section 3.6.2). The reason for not doing
50 is because of the time that would be regquired to alter and re-run the
experimental rosters (a total of eighty fivelprogramme rosters were obtained
in this Chapter at % hour computer time per roster). Section 3.6.2 indicated
that quantitative, not qualitative, differences existed between programme and
adjusted rosters. As experimentation is aimed at establishing trends only
these quantitative diff'erences are not important.

Further experimentation was conducted to find the sensitivity of trends

in performance parameter values to changes in the amount of wool auctioned
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(Section 4.9). In Section g.ﬁd the sensitivity of performance parameter
trends to ' changes in theﬁsingle/double decision procedure (see Section 3.5.4)
wsd looked at.
Inconsistencies in the performance parameter values for some rosters
are apparent throughout the experimentation. The reasons for, and consequences

of. these inconsistencies are discussed in Section L4.11.

L.1.,1 Experimental Year Data

The in-to-store arrivals data used for experimentation was an unweighted
average of the weekly arrivals for each centre, for the most recent three
seasons for which data was available. At tﬁis stage these seasons were:

1957/68
1968/69
1969/70
This data is contained in Appendix B6. The reasons that such data was taken
ars:
ds averaging out three yéars data decreases the influence of
seasonal fluctuations so the data is more representative
of' the system over time,
ii. use of the most recent seasons data gives greater realism,
in terms of now and the future, (insofar as it can be seen).

The season used for the experimental year covered the usual period of
297 days from 5th September to the 28th June,

Infleasible days were:

i Saturdays and Sundays

ii., 315t October = Labour Day

iii. 21st December to the 7th January - Christmas break
iv. 1st Monday in April

Ve 1581 Monday in June.

Values of some of the restrictive variables were varied around their

ia
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present day values, Wherei%hese values do vary from those given in Chapter'

ITT this is indicated.

b2 Taareasing the Rate of Sale of Wool at Auction

The rosters derived in Chapter IIT showed that sale size limits were
effectively limiting the rate at which wool could pass through the market-
ing chain. The result of this restriction was detrimental to both the pre-~

«32 storage and balzs neld over performance parameters. Furthermore upper

wm

1lnits on sale sizes reguaires a greater number of sales to sell all the wool,
In Section 1.4.4 it was shown that a large amount of time at auction
is used in selling a small proportion of the wool. This is, the wool pre-
sented in small lot sizes. Peirse and Beggs (7) concluded that small lots
show a daiscount when sold at auction; it would appear advantageous to amal-

gamate small lots into larger lots. In the next section it is shown that

4]

amalgamating small lots will generally increase the rate of sale of wool at
auction.
Hypotheses on the effect on the performance parameters of progressively
increasing the sale size limits are:
Hypothesis A :
Pre-sale wool storage will decrease initially as the upper sale size
limits become less restrictive, but eventually storage will rise
again as the lower sale size limits become restrictive.
The decreasing phase will be most apparent in large centres
(centres where a lot of wool is sold) whereas the increasing
phase will show more in smaller centres.
Hypthesis B :
The extent of bales held over will decrease initially but will
level or rise with higher sale size limits.
In the first phase the raised upper sale size limits will

cause less wool to be held over (noticable especially in the
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larger centres). In the second phase less bales (in number)
will be held over but those bales that are held will be in store
for a long time (due to lower sale size limits), and the weighted
measure of bales held over will probably level or increase (notice-
able mainly in the smaller ceatres).
Hypothesis C
The total number of sales will progressively decrease with single
sales becoming more predomgnant.
Because of more wool being sold per sale, less total sales will result.
The lower sale size restriction for double sales will become too high for
doiible sales to be held in many centres.
Hypothesis D
The average evaluation period (closing to sale date period) will
decrease as sale size limits increase.
Sale size limits will tend to dominate the between sale within centre

= A

trictions, and sales will be held as soon as enough bales are available.

K20

This will lower the average evaluation period.

L.2.1 leans of Varying Sales Size Limits

Under the present wool auction system, sale size limits are directly
related to the rate of sale of lots, and, the average lot size offered at
auction. As indicated in Section 3.3.1 the relationship, after some adjust-
ment, yields sale size limitp,of:

20,000 bales minimum for single sales
256,000 bales maximum for single sales
40,000 bales minimum for double sales
50,000 bales maximum for double sales

Assuming that neither an extension of the auction day, nor an increase

in the hourly rate of sale of lots are possible then two means of increasing

the sale size limits are available. These means involve changing the average



e
Changing the average lot size could be effected by:

lot size of wool offered.
i. an across the board increase in lot sizes, i.e. a shift in the
distribution of lot sizes to a higher level.

ii. raising the minimum lot size permitted, everything else

remaining egual.

=

he disadvantage in raising the minimum lot size permitted is that some
producers will not be able to retain the identity of their wool. This should not,
however, be greatly to their disadvantage unless they have a very distinct wool
type whnich they produce in small guantities. Raising the minimum lot size per=
mitted has advantages to brokers in greater ease of processing, setting up, and
categorising wool for auction. These same advantages would accrue to the wool
brokers with an across the board increase in lot sizes, but to a lesser extent.
A study by Peirse and Beggs (7) showed that a high proportion of auction-
ng time is taken up in selling small lots. Almost 50% of the auctioning time
ken to sell about 20% of the bales offered; these are the bales in the

1 - 6 lot size category. Some simple calculations based on the findings of
Peirse and Beggs show that restricting lot sizes to a low minimum value has a

considerable eff'ect on the average lot size.

MINIMUM LOT SIZES AND SALE SIZE LIMITS

Minimuam Average Percentage Increase
Lot Size Lot Size in Sale Size Limits
(bales) (bales)
e =10 0
c* 135 135
7 12,07 20.7
8 12.8 28
9 13.6 36
10" 1545 4.5
1 15.4 54
12 16.2 62
x
15 18.73 87.3

£ calculated from Table 1.2,
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The calculated (asterisk)%values in Teble 4.1 above indicated a linear
relationship between minimum lot sizes and percentage increases in the average
loc size. Interpolation was used to estimate the corresponding average lot size
valaes for minimum lot sizes of 8, 9, 11 and 12 bales. Tne percentage increase
in sale size limits wvalues are assumed to be the same as the corresponding per-
centage increases in average lots sizes, for varying minimum lot sizes.

In order for the above argunent, and estimations in Table 4.1, to be
rzalistic two assumptions must be made:

i. that the 1964/65 data of Peirse and Beggs (Table 1.2 is applicable today,
ii. that imposing the varicus minimum lot sizes does not alter the distribut-
ion of lot sizes above the minimum value.
The first assumption is probably a realistic one as wool brokers still aim to_

average ten bale lot size offerings. The second assumption is not so realistic.

=

¥ minimum sizes of lots were enforced it is likely that the distribution of
lot sizes would shift back to some extent. Consequently the average lot size
night be lower than that estimated. This could be overcome by enforcing some

minimum lot size value and asking brokers to work for some average lot size

o]

orresponcing to the estimates given in Table 4.1.

Aseuming the producer is not harmfully effected by imposing a minimum lot
size restriction on wool sold at auction, and the broker benefits, then the buyer
must be considered. Is the buyer for, against, or indifferent, as to the average
and distribution of lot sizes at auction? Buyers would only be against imposing
a minimum lot size if they bought small quantities in total or small gquantities
of a wide range of wool types. Buyers that operate in either of these two ways
could purchase by private treaty from wool stores, or producers.

The implementation of a minimum lot size scheme would appear to find mgst

opposition from those growers who reap, or believe they reap, benefit from wool
price fluctuations at auction. On a national basis, however, the study by Peirse

and Beggs indicated that revenue from wool sold at auction would probably increase

if the very small and very large lots were removed. Peirse and Beggs state:
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"I+ has been shown that $mall lots and some very large lots show a

psr ceptible discount when sold at auction. Any measures that can be
taken to reduce the proportion of lots sold in these categories should
be helpful to growers and would tend to meet buyers current requests.,"

Fron the conclusions of Peirse and Beggs it appears that imposing a minimum

lot size would be advantageous.

La2.2 Varying Sale Size Limits : Results and Conclusions

,v
@)
W
o
(5h}
H
w
M

vere obtained for sale size limit increases of 0%, 106k, 20%. 30%,
LiYE EBOFE  awd AOCL = e S - ] Ly * * .-
L3%n, 50, and 60% on the limits used in Chapter ITT (given in previous section ).
able 4.1 indicates values for minimum lot sizes which would give these increases
in the sale size limits (approximately). No changes in any other restrictions

ade. The results obtained for programme rosters are given in Table 4.2 below.

D
(LR

TABLE L.2 PARAVETRIC VARTATION OF SALE SIZE LIMITS
7 ’ PERCENTAGE INCREASE IN SALE SIZE LIMITS
Performance
Parareter 0 10 20 30 40 50 - 60

Pre-8ale Storasge

(*000 bale-days)

A1l Centres 54,066 |49.040 V47,730 | 48,290 | 47,987 | 47,577 | 49,523
apier 11,533 | 9,633 3,170 9,658 8,393 8,478 a5
Timaru 2,806 3,948 5,900 4,877 by 731 L, 821 L, 792

Bales Held Over
('CO0 bale~days)

All Centres 20,289 {14,676 {12,942 14,132 10,867 11,420 9,951
Napier 6,309 | 4,762 | 4,032 5,915 3,108 2,976 2,126
Timaru 543 688 670 360 296 3L0 219
Single:Double

IAll Centres 23:16 | 23:14 | 25:11 32:5 28:6 30:4 27:4
Napier 1:4 1:4 235 b 332 3:2 232
Timaru L:0 50 3:0 2:0 2:0 2:0 2:0

Average Evaluat-
ion Period (days)

A1l Centres 10.58 | 9.21 | 9.4 9.10 | * 8.1 8.29 8.19
Nazpier 13,60 | 10.40 12.20 12.16 10.00 9.20 7.50
Timaru 8.50| 9.66 | 10.00| 10.00 | 9.00 8.00 | © 9.00

;: ggﬁgc31zePiiE;%saggengggegge& Ey %he percentage indicated and corrected to

the nearest thousand bales.
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The results summarised in Table 4.2 above support, in most instances,
the hypotheses put forward in Section 4.2.

Hypothesis A was that pre-sale wool storage will decrease initially and

s
1P

’..J

then increase, as the sale size limits increase. The results obtained support
this hypothesis; storage appears to be lowest when sale sizes are increased by
20 - 50%. Larger centreé (e.g. Napier) benefit from larger sale size limits
(i terms of storage) whereas smaller cenfres (e.g. Timaru) are adversely effected.
Hypothesis B, that bales held over would initially decrease and then level

or increase, as sale size limits are increased, is partially supported by the
results. The results indicate that bales held over decreased significantly
for small increases in sale size limits, and continued to decrease but at a
less rapid rate as sale size limits increased further., If a levelling phase
exists it requires somewhat above 60% increases in sale size limits to reach it.
Furthermore both large and small centres benefitted in terms of this performance
parameter. It appears that it is the number of bales held over, rather than
the period they are held over, that is the more important determinant of this
serformence measure, This observation is important as it makes this measure
the performance parameter of more relevance to wool brokers (see Secticn.}.a.Z).

The results support Hypothesis C in that the single : double sales ratio
increases, while the total number of auction days decreases (taking one double
sale as being equivalent to two auction days), as the sale size limits are
raised. For large centres the effects are more pronounced than for smaller
centres where double sales are infrequently held anyway.

Hypothesis D is not disproved; the results show a fairly consistant

decline in the average evaluation period when sale size limits are raised.
The effect is more pronounced in larger centres due to the upper sale size
limits becoming less restrictive (actively) when raised. When the sale size
rostered is less than the relevant upper size limit, the decision process des-
eribed in Section 3.5.1 will force the closing to sale date (evaluation)

period to its minimum value. Consequently, the average evaluation period

decreases as the sale size limits increase.
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In conclusion it appears that sale size limits are very important in
determining the performance of the roster. Small changes in these limits
have significant effects on the performance parameters of the model. Further-
more, significant changes in sale size limits could be achieved without seriously
effecting the system by means of a minimum lot size constraint. Table 4.1
icates that the value of this minimum lot size constraint does not have to

be large to produce significant increases in the sale size limits.

s Alteration of Wool Handling Rates in Wool Stores

The effects on the roster of increased or decredsed handling rates in
w00l stores can be studied by varying the between sale within centre time con-
straints. Most interest lies in an increased handling rate; this could result
from sale by sample and dense baling, or, reductions in the proportions of wool
bimned and reclassed. Lower handling rates would result if overtime work in
wool stores was abolished. |

One reason the between sale within centre restrictions are increased is
to indicate the expected performance of the system when sale size limits are
increased. Raising sale size limits means that more wool must be processed
for each sale, and processing times (between sale within centre restrictions)
will increase. This relatichtiship between these constraints is studied in
Section 4.4,

Hypotheses on the performance. of the system for varying between sale
within centre restriction values (other restrictions remaining at the levels
given in Chapter III) are:

Hypothesis A:
Pre-sale wool storage will increase as the between sale within
centre restrictions increase. This effect will be more noticeable
in larger centres.

Hypothesis B:
Bales held over will increase as the between sale within centre

restrictions increase. Larger centres will show this trend more -
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Sale numbers will decrease with double sales becoming more
predominant as the between sale within centre restrictions
increase,

Hypothesis D:

The average evaluation period will increase as the between sale

within centre restrictions increase.

4.3.1 Means of Varying Handling Rates

Simulated changes in handling rates were achieved by making percentage
es to the betwsen sale within centre restrictions (hereinafter referred
to &s the time limits). The changes made were decreases of 10% and 20%, no

change, and increases of 10% and 204, on the values given for these constraints

of how the roster may perform if sale by sample and dense baling was introduced,
or, less binning and reclassing occurred. Percentage decreases were made to
maintain consistency.

Increases in the time limits are of relevance to Section 4.4 where exper-
imentation involving changes in both sale size limits and time limits is presented.

Percentage increases in the time limits were made as the sale size limits were

increased on a percentage basis.

4.3.2 Varying Handling Rates : Results and Conclusions

Rosters were obtained for time limit variations of -ZQ%, -10%, Q%, +1Q%,
+20% of their present values (see Section 3.512); other restrictions remained

unchanged. The results of these runs are summarised in Table 4.3 below.

3. The restriction values are lowered, or raised, by the percentage indicated
and corrected to the nearest day.

LIBE

MASSEY UNIVERSITY
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TABLE 4.3 PARAVMETRIC VARTATION OF BETWEEN SALE WITHIN CENTRE RESTRICTIONS

il i
| AT T B a2
| PERCENTAGE CHANGE IN TIME LIMITS

T man £ -
rerioriance

Paremeter =20 =10 0] +10 - 420

A1l centres 43,404 53,836 54,066 59,300 68,479
Napier 10,358 12,188 11,583 14,552 17,267
Timaru 2,914 L. 210, 2,806 L, 049 L, 937
Bales Held Owver

(000 bale-days)

A11 Centres 15,095 17,694 20,289 26,171 28,915
Napier 6,221 7,440 6,309 9,67L 11,009
Timaru 559 308 545 256 159
Single:Double Sales

A11 Centres 32:13 23%:16 23%:16 25:15 14:20
Napier b ] 2:4 ey 2:4L 1:4

Timara L:0 3:0 L:0 3:0 Tad

' 211 Centres 9.48 10.51 10.58 10.72 10.35
Napier H2.50 12.3%3 13.60 13.00 13.60
Timaru 9.00 10.33 8.50 10.33 9.00

Table 4.3 above indicates that the results obtained support the hypotheses
made in Section 4.3. Pre-sale storage and bales held over increase as the time
limits increase, The reason for this is that wool (new arrivals and bales held
over) must aweit sale for longer periods. Percentage increases in the time
limits represent exponaﬂﬂg_absolute increases, So it may be expected that
storage and bales held over would incréase_in a exponential fashion. The
reason this does not occur lies in a changing pattern of rosters; this change
being from a low to a high proportion of double sales rostered. Some compen-
sation for higher time limits is provided by rostering more double sales.

Hypothesis C stated that the number of sales will decrease, with double

sales becoming more predominant as the time limits increase. The results
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support this hypothesis; the explanation as to why this trend occurs is
given above, Less sales in total result but the number of auction days
i3 fairly consistent (a double sale involves two auction days). Consequently
the trend is a direct result of increasing the proportion of double sales.

The results show the éverage evaluation period increases as the time
limits increase (Hypothesis D), The reason for this is that the relevant
upper sale size limit is of'ten reached well before a sale can be held due to
the time restrictions between sales,

In conclusion it appears that the roster is very sensitive to changes in
the between sale within centre constraints. In evaluating policies which effect
taese constraints, the sensitivity of the roster's performance parameters to

tnese constraints must be borne in mind.

£
=

Simultaneous Variation of Both Sale Size Limits and Handling Rates

The eim of this experimentation was to indicate trends in the performance
parameters of the roster when both the sale size restrictions and the between
sale within centre restrictions were varied together from their present wvalues

{see Sections 3.3.1 and 3,3.2). BEarlier in this Chapter the point was made

(o)

that restrictions are not independent; changes to one restriction are likely
to cause changes to another.i It is important to know how, and to what extent,
these simultaneous changes may effect the performance of the roster before
introducing such a change to the auqtion system.

Experimentation involved obtaining rosters for increases in the sale
size limits when the between sale within centre restrictions were lower and
higher than their present walues., In proposing hypotheses on the trends in
performance parameters for the experiments, the results for the previous two
sections are useful. Table 4.4 below summarises the trends in performance

parameters obtained in previous experimentation.
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TABLE L.A TRENDS IN PERFORMANCE PARAMETER VALUES
: g (2)
Changes in Restrictions from Present Values
Performance
Parameter Increasing Decreasin%j) Increasing
Sale Size Limits | Time Limits Time Limits (1)
Pre-8ale Storage Decrease then Decrease Increase
Increase
Bales Held Over Decrease Decrease Increase
Single:Double
e Increase Increase Decrease
oales .
drerage Evsluat- Decrease Decrease Increa
: s 3¢ st
ion Period : e

(1) +ime limits refer to the between sale within centre restrictions

(2) present v?lues refers to those values given in Chapter IITI (Sections 3.3.1
and 3.3.2). ; .

Table L.4 above shows that combining increases in sale size limits with
increases, or decreases in the between sale within centre restrictions may have
unpredictable effects on performance parameters in some instances. An example

of this is when both restrictions are increased. Until sale size limits become

Yot gitn Veyll sose o
OAlgZi \ OJi Llricreases

, changing the limits will have opposed effects on all per-
formarce parameters. At high sale size limits pre-sale storage should increase,
Combining increased sale size limits with decreased between sale within
centre restriction levels should decrease bales held over, and the average
evaluation period, and increase the single:double sales ratio. Pre-sale storage

should decrease for small increases in the sale size restrictions but may level

or increase at higher levels of these limits.

4L..1 Means of Varying the Selling and Handling Rates Simultaneously

Achievement of the changes in the restrictions being varied individually
has been discussed in Section 4.2 and 4.3. The between sale within centre
restrictions are dependent on the sale size limits. Increasing the sale size
limits, by raising the average lot size, would be accompanied by increases in
the between sale within centre restrictions probably. It would be possible to
increase the sale size limiﬁs,‘a;d decrease the between sale within centre re-

strictions, by introducing policies which raised the average lot size and decreased
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handling times. TFor example, the policies could be to introduce a minimum
lot size poliecy, in conjunction with sale by sample and dense baling (at
siznificant levels).

In Section 4.1 it was pointed out that the experimentation conducted
is not intended to give quantitative measures of changes in performance that
may occur when different policies were implemented. In this section an
experimental block technique is used which may prove useful for initial invest-
lgations into the conseguences of introducing new policies. However, the
results obtained are indicative of likely trends only and should not be used for

gquantitative evaluations.

Loiue2 Varying Sale Size Limits and Handling Rates : Results and Conclusions

The experimental block was a matrix of rosters for all combinations of
O, 10%, 20%, 30%, LO%, 50k, and 60k increases in the sale size limits from
their present values (see Section 3.3.1) with -20%, -10%, 0%, +10%, +20%
changes in the between sale within centre constraints (for present values see
Section 3.3.2).

The results obtained for the runs are summarised in Table 4.5 below.
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PARAMETRIC VARIATION OF TWO RESTRICTIONS

104.

f

Percentage Increase PERCENTAGE CHANGE IN BETWEEN SALE WITHIN CENTRE
in Sale Size CONSTRATNTS (2
Limits (1
=20 =10 0 +10 +20

074
Pre~Sale St OﬂugP(j) 43,104 55,836 54,066 59, 300 68,479
Bales Held Overt3) 15,095 17, 60 20,239 26,171 28,915
Single:Double Sales 32:ﬁ§ 23:16 23:16 25:15 14.:20
Average BEvaluat-
ion Period %4j 9.48 10,51 10.58 10.72 10.35
Pre-Sale Storage 45,122 16,822 49,040 61,027 58,410
Bales Held Over 11, 72€ 13,607 14,678 22,89 22,116
Single:Double Sales 28:12 31:10 25314 417:48 20:16
JMerage. Svalael- 8.92 9.31 9.21 10.31 10,13
ion Period
2075
Pre-Sale Storage 13,680 43,989 47,730 5k, 215 58,021
Bales Held Over 10,720 10,779 12,942 16,891 19,755
Single:Double Sales 36 29:9 25:11 21:13 20:13
Average LEvaluat- 5
3611 Perisa 8.62 8.39 9.41 10.02 10.03
30 )
Pre~-3ale Storage Ll , 734 45,983 48,290 51,427 54,859
Bales Held Over 11,150 10,973 14,132 2,451 14,765
Single:Double Sales 3.z 31:6 32:5 25:8 22:9
}Jeruge Evaluat-

on Poriod 8.44 8.81 9.10 8.63 8.67
LO%
Pre-Sale Storage Ly, 671 45,857 47,987 | 50,239 53,191
Bales Hela Over 10,356 9,331 10,367 11,167 13,596
3ingzle:Double Sales %41 :5 28:6 28:6 27:6 22:9
Average Evaluat- .
ion Period 8.19 8.05 8.1 8.48 8.45
50%

Pre-Sale Storage 46,060 L6, 75, 47,577 52,535 52,568
Bales Held Over 9,818 9,816 11,420 12,603 14,197
Single:Double Sales 30:4 30 30:L 25:6 26:5

Lverage Evaluat- 5

sor Period 8.08 8.08 8.29 8.32 8.87
607

Pre-8ale Storage 49,857 48,245 49,523 49,273 52,210
Bales Held Over 9,523 9,954 2,91 10,923 11,577
Single:Double Sales 28:3 29:3 27:4 28:3 2L:6
Average Evaluat-
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~

Increased from limits given in Section 3.35.1

>

1)
2) Increased from values given in Section 3.3.2
3)

(

(+) units - days

units ~ thousand bale-days

The results in Table 4.5 above indicate that pre-sale storage tends to
increase, for any set of sale size limits, as the between sale within centre
restrictions increase. The rate of increase in pre-sale storage decreases for
higher sale size limits. The reason for this is that at high sale size limits,
these limits play a greater part in restrictiﬁg the rate of sale of wool, (on
say a monthly basis), than do the between sale within centre restrictions. So
altering the between sale within centre restrictions has little effect on the
performance of the roster, in terms of pre-sale storage. Looking down the table
it is seen that pre-sale storage increases for low values of the between sale
within centre restrictions and decreases at higher values of these constraints.
For smaller changes in the betﬁeen sale within centre restrictions, (-1q%, 074
and +10%), pre-sale storage goes through a decreasing then increasing phase as
the sale size limits are raised, This effect is due to restriction of the rate
of sale of wool by the lower sale size limits when the between sale within centre
restrictions are low, and. restriction by the upper sale size limits when the
between sale within centre reastrictions are high. Relaxation of the restrict~
ions caused by sale size limits results in better performance with regard to
pre~-sale wool storage.

Table 4.5 shows trends in the bales held over performance parameter,

For any set of sale size limits, bales held over tend to increase as the between
sale within centre limits increase. The rate of this increase is much less for
higher sale size limits. This is because at low sale size limits, the upper
size limits effectively restrict the number of bales that can be sold, especially
when the between sale within centre restrictions are high. Consequently, large
quantities of wool are carried over. At higher sale size limits the upper limits

on sale sizes are not nearly so restrictive, so little wool is carried over
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despite increases in the betwsen sale within centre restrictions. Looking
down Table 4.5 it is seen that the extent of bales held over decreases as the
sale size limits are raised. The extent of this decrease is greatest for high
bebtween sale within centre restrictions. Again the reason lies in restriction
by the upper sale size limits. This restriction is felt most when the between
s«iz within centre restrictions are high. Consequently, the rate of decline
in bales held over, when sale size limits increase, is greater when the between
sale within centre restrictions are set at higher levels.

Looking across Table 4.5, the single:double sales ratio decreases as the
between sale within ceuntre reStrictions increase., The reason for this is that
the larger the restriction the more likely it is that enough wool will be avail-
able for a double sale. Naturally this tendency weakens wnen the sale size
linits become very high. Going down Table 4.5 it appears that the single:
double sale ratio rises as the sale size limits increase for any set of between
5=4le within ceatre restrictions. This is expected as the same wool arrivals
dabS4 is being used for each run. Sale size limits are rising so the total
number of auction days will decrease with single sales becoming more predomin-
ant. This effect is more apparent for low levels of the between sale within
centre restrictions.

The average eValuation_period increases across, and decreases down,
Table L.5. The crosswise increase is due to the upper sale size limits being
reached before the between sale within centre restrictions are fulfilled, whereas
the downward decrease is due to increasing upper sale size limits.

Study of the diagonals in Table 4.5 shows the performance parameter
changes correspond with predictions embodied in Table 4.4 (Section 4.4).
Downward, left to right, diagonals in Table 4.5 combine increasing sale size
1limits with increasing between sale within centre restrlctlonsf" Downward,

right to left, diagonals give results for increasing sale size limits and

decreasing between sale within centre restrictions. The downward, left to

L. These dlagonals indicate likely shifts in performance parameter values if a
minimum lot size scheme was introduced. The most relevant of these diagonals
(in this context) is the one starting a‘t 0% change in the between sale within
centre restrictions. .
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right, diagonals indicate that the sale size restrictions tend to dominate
thae between sale within centre resitrictions in their effects on the perform-
ance parameters for the experiments carried out. The dominance is not com-
plete but appears significant nevertheless, The downward, right to left
diagonals show that the complementary effects expected (see Table L.l4), hold
for this experimentation. The opposing effects of the restrictions on pre-
sale storage at high increases in the sale size limits indicate that the sale
size limits are again dominating the trend in this performance parameter.

In conclusion, the complementary effects hypothesised for changing
levels of the restrictions (in their effects on performance parameters) are
supported by the experimental results. Vhere the effects of the two restrict-
ions are opposed, the sale size limit restrictions tend to dominate the between

sale within centre restrictions.

L5 Increasing Only the Upper Sale Size Limits

Increasing the upper sale size limits on a percentage basis, yet leav-
ing the lower limits at 20,000 bales for single sales and 40,000 bales for
double sales, broadens the range of sale sizes possible to a greater extent
tnan if the increases apply over all limits.

The effect of increasing the upper sale size limits should be favour-
ablz to all centres, with regard to pre-sale wool storage and bales held over.
Lesser centres, such as Timaru and Waﬁganui, should not be disfavoured as they
were when lower sale size limits were also increased. The number of auction
days will probably decrease with single sales becoming more predominant. The

average evaluation period should decrease as upper sale size limits are raised.

4#.5.1 Achievement of the Limit Changes

Raising the upper sale size limits could be achieved by two means:
i. raising the average lot size offered at auction but accepting

that some sales will not involve a full days auctioning,.
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ii, raising the average lot size offered only for those sales
in which it is necessary to enable wool to be sold in one
auctioning day.

Vool brokers would prqpably favour means i. more than ii. whereas
the preferences of wool buyers would probably be in the reverse order.
Achiievement of the limit changes seems unlikely in view of the preferences
which have led to the present auction procedure. However, it is worthwnile
experimenting with expanded sale size limits to see what effect the expansion

is likely to have on the performance parameters of the model.

L.5.,2 Results for the Expansion of Sale Size Limits

The results for dincreases in the upper sale size limits of 1Q%, 20%,

30%, and LO% of their present values5 are summarised in Table 4.6, Table
4.1 indicates minimum lot sizes which could achieve these sale size limit

increases.

PARAMETRIC INCREASES IN THs UPPER SALE SIZE LIMITS ONLY

TABLE 4.6

Performance PERCENTAGE INCREASE IN UPPER SALE SIZE LIMITS
Para -
rameter 0 10 20 30 10

Pre-Sale Storage 5,066 48,514 46,207 42,193 40,838
(000 bale-days)
Bales Held Over 20,289 15,959 12,193 10,746 10,080
(*000 bale-days)
Single:Double Sales 23:16 2%:15 21l 31:9 3%:8
Average Evaluation
Period (days) 10.58 915 8.4 8.45 8.04

Table 4.6 shows that both pre-sale wool storage and bales held over

5. Present values are given in Section 4.2.1,

The upper limits are corrected

to the nearest thousand bales after percentage increases are made.
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decreased with parametric increases in the upper sale size limits. The rate
SE this decrease, decreased itself, and would probably have approached zero at
about 60% increases in the upper limits. However, a 60% increase in the upper
limit of single sales takes this limit beyoni the lower limit of dﬁuble sales.
At 4O% increases the difference between the upper siﬁgle and lower double sale
size limits is only 1,000 bales.

Experimental results in Table 4.6 show that the extent of the reduction
in pre-sale storage for a 10% increase in upper sale size limits is very signif-
icant, (about 5,000,000 bale-days), compared to pre-sale storage requirements
at present sale size limits. About the same saving could be made in bales held
over. Results show that the ratio of single to double sales is likely to in-
crease when the upper sale size limits are raised; the reason for this being
that the upper single sale limit approaches the lower double sale limit in the
experimentation. The average evaluation period decreased in experimentation;
the reason being that as the upper sale size limits increase these limits are
less often reached, and many sales are rostered with minimal evaluation periods,

In conclusion it appears that any expansion in the feasible range of sale
sizes is likely to be beneficial in terms of pre-sale storage and bales held over.
This opinion was supported by the finding that the sale size limits tend to be

dominant constraints on the system (see Section 4.4.2),

L.6 'Monday® Sales

The two teams of wool buyers are based mainly in Wellington and Christ-
church, 'Monday' sales, (first feasible day of week sales), in centres other
than Wellington and Chrisfchurch, usually mean that buyers must spend part, or
all, of weekends or holidays before the saie, away from home. Consequently,
they disfavour such sales. In Chapter III the rosters were adjusted to reduce
the incideance of 'Monday' sales wherever possible., = This means of adjustment
was used, rather than making ‘Monday' sales infeasible days in the programme,

due to the results obtained in this section.
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4.5.1 Results of Runs

Threc estimates of performance parameters were made for three programme
runs. These runs comprised:
1. all 'Mondays' infeasible,
2. all 'Mondays' other than in Wellington and Christchurch
infeasible,
3. hand correction of the run with all 'Mondays' feasible.

The results obtained are summarised below in Table L.7.

TARBLE L.7 THE RESULTS OF RUNS WITH VARYING RESTIRCTIONS ON 'MONDAY' SALES
Run 'Monday' Sales Pre-Sale | Bales |Single: Av. Bvaluat-
N : Wool Held K {Double ion Period
bRanoeT Welling~ | Christ-{ Total | Storage Over Sales (days)
ton chuech | Other
Centres
1 0 0 0 64,422 125,388 | 15:20 11.48
2 3. 5 0 62,591 24,465 | 22:16 11,36
3{a) 3 ly 20 54,066 20,289 | 23%:16 10.58
(b) 0 0 6 52,93, [22,183 | 23:16" 11.08*

3(&) above is for the programme roster

3(b) above is for adjustments to 3(a) to decrease 'Monday' sales and to
roster unsold bales for sale (see Section 3.6.2).

+ '000 bale-days

# corrected only for ‘Mondgy' sale day changes.

From the results in Table 4.7 above it can be seen that prohibiting
'Monday' sales has serious repercussions on the roster. This is due to the
fact that in a four day week only two single or one double sale may be rostered,
compared to two single, or, a double and a single, when the week comprises five
feasible days. Consequently, a lower sale frequency occurs at that period of
the year when wool arrivals are greatest. This causes the observed changes in

performance parameter values,
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L7 Reducing the Number of Auction Centres

There has been some consideration given to phasing out various centres
and having their wool traasported to, and sold at, other centres. A run was
performed in which it was assumed that the Wanganui wool was sold at Wellington,
and the Timaru wool at Christchurch; Wanganui and Timaru being the least import-
ant centres insofar as total seasonal wool arrivals are concerned, The main

argunent for phasing out smaller centres lies in the long term economics of

providing storage and processing facilities at wool stores.

L.7.1 Results of the Run for Less Centres

Table 4.8 below gives the results of the run. Wanganui and Timaru
phased out, (run 2) as compared to the normal run for the experimental year

data (run 1).

TABLE 1.8 PERFORMAIICE WITH LESS CENTRES
PERFORMANCE PARAMETER RUN 1 RUN 2

Pre-Sale Vool Storage ('000 bale-days) 5,056 66,498
Bales Held Over (1000 bale-days) 20,289 37,180
Single : Double Sales 23:16 15:20
Average Evaluation Period (days) 10.48 12.51
Storage Christchurch ('000 bale-days) 7,880 14,146
Storage Timaru ('000 bale-days) 2,806 0
Storage Wellington ('000 bale-days) 5,624 16,670
Storage Wanganui ('000 bale-days) 6,071 0

From Table 4.8 it can be seen that reducing the number of centres lowers
tﬁe single to double sales ratio, and increases pre-sale wool storage and bales
held over to a considerable extent. The reason for these results appears to
bes due to exponential increases in storaée and bales held over, with increas-

ing arrivals, in a centre., A 40% increase in arrivals at Christchurch prac-
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tically doubled storage of wool there; a 79% increase in arrivals at Welling-
ton tripled storage in that centre. |
In terms of the performance parameters of the model it appears undésir-
able to reduce the number of sclling‘centres. Before such a policy coald be
implemented, the short term economic implications of the model's performance
pzrameters would have to be weighed against the long term economies involved
in reducing the number of centres.
The results obtained assume unchanging restrictions on the system. TP
the combination of centres could be achieved with reductions in the between
szle within centre restrictions, then the situation could be somewhat different.

This new situation would only result if enlarged centres showed great time

economies in terms of wool handling.

4.8 An Even Rate of Sale of Wool

In considering the demand for wool at auction, an even rate of sale of
wool (per week, per month or per quarter) appears conceptually advantageous.
The extent of this advantage depends on the price elasticity of demand for
wool at auction; the lower the elasticity the greater the advantage. In
Section 2.1.4 it was proposed that the demand for wool could not be included
as a factor effecting the roster format. The reasons for this exclusion were
the inability to estimate the price elasticity of demand for wool at auction,
and, the observation that this elasticity is probably high; therefore, the
demand aspect at auction is not so important (as if the elasticity were low).

To estimate the effects of rostering for a more even rate of sale on the
performance parameters of the model, a run was carried out in which single sales
only were rostered.6 In so doing, it was expected that wool sales would be
rostered in each centre in a cyclical pattern. This cyclical pattern would
probably result in a fairly even seiling density (say oh a monthly basis) for

wool,

6. This was achieved by turning sense switch 2 off for the run (see Section 3.5.4).
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The results of rostering all singlé sales were expected to show
increases in pre-sale storage and bales held over (especially), and a higher
average evaluation period. Only single sales would be rostered but probably
less auction days would be involved, as most of the sales would be of 28,000

7

bales.

4L.8.1 Results for a Run Rostering All Single Sales

Table 4.9 below gives the performance parameter values for the run with

all single sales, and the normal run (single and double sales).

TABLE 4.9 RESULTS FOR A MORE =VEN MONTHLY SALE RATE:
Porfargance Papansber A1l Single Sales blnglgufp?ouble
Pre-Sale Storage ('000 bale-days) 61,014 54,066
Bales Held Over ('000 bale-days) 3, 742 20,289
Single:Double Sales Ratio 51:0 23:16
Total Auction Days 51 55
Average Evaluation Period (days) 11.58 10.58

In Table 4.9 above it is seen that the pre-sale storage and bales held
over performance parameters are adversely effected by rostering all single sales.
The reason for this is that wool builds up rapidly in the larger centres from
December to March, and when single sales only are rostered large amounts of wool
must be carried over from sale to sale in these centres. This involves more
storage and a far higher amount of held over wool., The average evaluation

period is shown to be higher in Table 4.9 for when the programme rosters

7. The maximum number of bales that can be sold on one auction day of a double
sale is assumed to be 25,000 bales, i.e., half of the 50,000 bale upper
double sale size limit.
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all single sales. This is due to the upper single sale size limit being
reached before the between salé time constraints are fulfilled.

Less auction days were involved in the all'single sales roster (see
Table 4.9). The average sale size for the éingle sales roster was 26,160
bales whereas the normal roster sold an average of 24,420 bales per auction
dajir,

The degree to which an even rate of sale was achieved by rostering all

single sales 1s indicated in Figure 4.1 below.

TIGURE 4.1 ROSTERING FOR AN EVEN RATE OF SALE
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Figure 4.1 above indicates the monthly selling density for the two rosters
being compared. It shows that the roster with all single sales approximated
an even rate of sale much more closely than the other roster. Approximately
twenty eight day cycles of single sales were rostered in the major centres
when all single sales were rostered. Considerable quantities of wool had to
be carried over in these centres during the first quarter of the second year

of the season.
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In conclusion it appears that the roster format would need to effect
wool prices significantly before the format was changed to give a more even
rate of sale of wool, Considerably more wool is held over when attempts are
made to roster for an even selling density due the pattern of seasonal wool

arrivals.

4.9 Experimentation with Difflerent In-To-Store Arrivals Estimates

Due to changing levels of wool being available for auction in different
seasons, it was felt necessary to experiment with different wool arrivals
estimates in order to establish whether or not the trends found in performance
parameter values remained consistent. The amount of wool for auction varies
seasonally.due to both seasonal fluctuations and trends. At present the trend
in total arrivals for auction is a downward one due to a levelling in product-
ilon and increased private selling. Consequently, the data used for this
experimentation was the "Weighted Average" data set (see Section 3.2.1) for
wool arrivals; this data being the lowest estimate of wool arrivals made.

The infeasible day constraints used were the same as for other experimentation
done in this Chapter.

The number of runs that could be carried out were limited by computer
costs. It was decided that experimentation would involve one run across, and

one run down, the experimental matrix given in Section L.4.

4.9.1 Results for Experimentation Using Lower In-To-Store Arrivals Data

Table 4.10 below gives the results for comparable runs made for two
different wool arrivals estimates. The results for run 1 in the Table are
based on expected arrivals of 1,415,000 bales; run 2 involves 1,327,000 bales.

This constitutes a difference of 6.2% between the two estimates.
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SULTS FOR DIFFERENT WOOL ARRTIVALS ESTIMATES
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Normal Sale Size Limits and Varying Between Sale Within Centre Constraints

Pepf Percentage Change in Between Sale Within Centre
erformance ; :
Cohstraints
Parameter
~-20 =10 0 +10 +20

Pre-Sale Storage 43,104 53,836 54,046 59, 300 68,479
(*000 bale-days) 2 | 41,131 49,665 52,082 53,418 62,233
Bales Held Over 1 15,095 17,694 20,289 26,171 28,915
(1000 bale-days) 2| 12,701 15,742 18,233 20,967 26,231
Single:Double Sales 1 32:13 23%:16 23:16 25115 14:20

2 34:10 25:14 26:13 26:13 18:17
Average Evaluation 1 9.48 10.51 10.58 10.72 10.35
Period (days) 2 9.70 9.9 10.76 10.89 10.82

Normal Between Sale Within Centre Restrictions and Varying Sale Size Limits

Percentage Increase in Sale Size Limits

Performance ‘

Feremeter 0 10 20 30 40 50 60
Pre-Sale Storage 1| 54,066 | 49,040 |47,730 |48,290 47,987 {47,577 | 49,523
(*000 bale-days) 2| 52,082 |43,857 |43,432 |45,768 (48,217 46,034 |48,936
Bales Held Over 1] 20,289 | 14,678 112,942 | 14,132 | 10,867 | 11,420 | 9,931
('000 bale-days) 2 |13,233 |13,136 |11,344 (11,984 | 9,679 | 8,502 | 7,643
Single:Double Salesi | 25:16 23:14 | 25:14 | 32:5 28:6 30:4 27:4

2| 26:13 28:11 | 32:6 32:4 25:6 26:5 26:3
Average Evaluation 1 | 10.58 9.21 9.41 9.10 8.41 8.29 8.19
Period (days) 2110.76 9.20 9434 9.69 9.00 8.58 8.68

1e

2.

:=- Experimental Data

:= "Weighted Average" Data
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Table 4.10 shows fairly consistent trends in storage for parametric

changes in sale size and between sale within centre restrictions. The diff-
rence in trends between the two sets of data appears to be insignificant.

It would be expected that minimum storage using the "Weighted Average" data,
would occur at lesser sale size 1limit levels, than for the experimental data;
this expectation being based on the hypothesis that at lower levels of wool
arrivals, upper sale size limits should be less restrictive. This hypothesis
is supported by the results obtained. Consequently, policy suggestions when
wool for auction is likely to decrease, would involve lowering the suggested
extent to which sale size limits should be raised (to lower pre-sale wool storage).
A% normal between sale within centre restriction values the relevant policy
suggestion would be to increase sale size limits by 20% to 30%, (if expected
arrivals approximated the "Weighted Average" estimates), rather than by 30% to
4O as based on the experimental data results.

The trends in bales held over, resulting from parametric changes in sale
size and between sale within centre restrictions, are consistent in Table 4.10
for the two sets of data. The absolute value of the performance parameter, in
comparable rosters, is lower for the "Weighted Average" data than for the experi-
mental year data. This is expected due to the lesser quantity of wool involved.

The single to double sale ratio is higher (in Table 4.10) for comparable
rosters made on lower wool arrivals estimates. Trends in the ratio remain
consistent with those established using the experimental year data. (See
Section 4.k4). |

Table 4,10 shows little disparity between the.average evaluation periods
resulting from using different wool arrivals data estimates. On the whole the
average period shows a tendency to be inversely related to the quantity of wool
auctioned (over the season). This inverse relationship probably results from
the comparatively greater number of single sales rostered when wool arrivals are
lowered. When more sales are rostered the between sale within centre restrict-

ions become more effective. As explained in Section 4.8.1 this could raise the
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average evaluation period. However, this inverse relationship is probably
insignificant.

In conclusion it appears that altering the total bales rostered for
each sale has little effect on the performance parameters of the model.
Trends would appear to remain consistent. Because of this consistency
in trends f'or the runs studied, and because of computer time restrictions
runs over other parts of the experimental matrix were not considered nec-
essary.

Experimentation in this section is significant with regard to policy
recommendations made on the basis of previous experimentation with the
morlsl. The trends in perflormance parameter values established earlier
appear insensitive to decreases (6.2%) in wool arrivals for auction. Pol-
icy récommendations would appear to hold over a range of in-to-store arrivals

estimates.

L..10 Experimentation with the NETT : 100 Decision Rule

The experimentation done previously in this Chapter was for the NETT
: 0 decision rule (see Section 5.5.4).8 In Chapter III (Section 3.6.1) it
was shown that experimentation with varying values for the NETT decision
variable give different roster formats,. To check the consistency of per-
formance parameter trends under varying values for the NETT decision variable
further runs across and down the experimental matrix were carried out. The
runs carried out used the experimental year data with a NETT : 106 decision
rule., The areas of the matrix looked at were the Samb as in Section 4.9.

It was expected that the trends in performance parameter values

established in Sections 4.2 and 4.3 would remain consistent for experimentation

8. Raising the value of the single/double decision rule (from NETT : 0,
NETT : 100,...) has the effect of phasing out double sales which were
marginal with respect to this decision procedure.
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with the NETT : 100 decision rule. For increases in the sale size limits

these trends were:

i. pre-sale storage decreases initially then increases,
s SIS bales held over decreases,
iii. the single : double sales ratio increases,

iv. the average evaluation period decreases.

The trends in performance parameter values when the between sale within

centre restrictions were raised (from -20% of their values) were:

is pre-sale storage increases,
ii. bales held over increases,
iii. the single : double sales ratio decreases,

iv. the average evaluation period increases.

Hypotheses based on ekperimentation in Section 3.6.1 can be proposed
for the NETT : 100 rosters, compared to their NETT : O counterparts. The
hypotheses are that lower pre-sale storage, bales held over, and average
evaluation periods, with higher single : double sales ratios, would be found
in the NETT : 100 rosters. However, these hypotheses are based on results
obtained at present levels of restrictions; the hypotheses may not hold when

restrictions are varied.

4.10.,1 Results for NETT : 100 and NETT : O Runs

Table 4.11 below gives the results for experiments with NETT : 100

and NETT : O runs over part of the experimental matrix.
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TABLE 4.11 EXPERIMENTAL RESULTS FOR NETT:0 AND NETT:100 DECISION RULES

Normal Sale Size Limits and Varying Between Sale Within Centre Restrictions

BapPormanss Percentage Change in Within Centre Restrictions

RATRLS -20 -10 0 +10 +20

Pre-Sale Storage NETT:0 | 43,104 | 53,836 5,066 59, 300 68,479
('000 bale-days) NETT:100| 43,104 50,264 | 49,976 58,780 67,206

Bales Held Over NETT:0 | 15,095 17,694 | 20,289 26,171 28,915
(1000 bale-days) NETT:100| 15,095 17,287 19,766 26,377 | 31,362

Single :Double NETT:0 32313 23:16 23:16 25:15 14.:20
Sales NETT:100| 32:13 25:15 32512 27 1L 22:16
Average Eval- NETT:0 9.48 10.5% 10.58 o ) 10.35
?atiO? Period NETT:100 9.48 9.80 9.84 10.87 11.28
days

Normal Between Sale Within Centre Restrictions and Varying Sale Size Limits

Performance Percentage Increase in Sale Size Limits

Parameter
0] 10 20 30 L0 50 60

Pre-Sale Storage NETT:0 |54,066|49,040|47,730|48,290|47,987|47,577|49,523
(1000 bale-days) NETT:100 |49,976|47,981 |50,441 |48,290|48,055|47,577| 50, 355

Bales Held Over NETT:0 |[20,289|14,678|12,942|14,132]10,867(11,420( 9,931
('000 bale-days) NETT:100(19,766]16,530|15,487|14,132|11,127]11,420]10,521

Single:Double  NETT:0 | 23:16| 23:14| 25:11| 32:5 | 28:6 | 30:4 | 27:4
Sales NETT:100| 32:12| 31:10| 30:7 | 32:5 | 29:5 | 30:4 | 29:2

Average Eval- NETT :0 10.58| 9.21 9.41 9.10] 8.1 8.29] - 8.19

uation Period NETT:100| 9.84| 9.48| 9.54| 9.10] 8.73| 8.29| 8.16
(days)
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Table 4.11 indicates that the trends in performance parameter values
are consistent for both decision rules. The reasons for these trends are
explained in Section 4.2 and 4.3, where corresponding results for the NEIT
: O decision rule are presented and explained.

The hypotheses made in the previous section, which were based on
experimentation carried out in Section 3.6.1, are not all supported by the
results in Table 4.11. The hypothesis that the NETT : 100 rosters would
have higher single : double sales ratios (than their NEIT : O counterparts)
is supported by the resulﬁs. Bales held over is greater in many of the NEIT
: 100 runs than expected, as is pre-sale sforage and the average evaluation
period: these results are opposite to what was stated in the hypotheses.

Table 4.11 shows that these hypotheses appear to be incorrect at higher levels
of the sale size and between sale within centre restrictions. Reasons why
the hypotheses are incorrect are given in the following paragraphs.

At higher levels of the between sale within centre restrictions, wool
wnich is held over must await sale longer. When a higher proportion of single
sales are rostered more bales of wool are likely to be held over. Consequently,
the bales held over performance parameter measure increases, at higher levels of
the between sale within centre restrictions, for the NEIT : 100 decision rule
(which rosters a higher proportion of single sales than the NETT : O decision
rule). Pre-sale storage increases also as it comprises, in part, bales held
over. The average evaluation period increases as upper single sale size limits
are more often reached, and it takes longer for the between sale within centre
restrictions to be fulfilled.

When the sale size limits are raised double sales dispose of large pro-
portions of wool arrivals at individual sales. Reducing the number of double
sales (raising the single : double sales ratio) lowers the rate of wool disposal.
Consequently, pre-sale storage increases. Single Sales are usually associated
with more bales of wool being held over; this tends to increase the extent of

bales held over. The average evaluation period is likely to increase when a
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higher proportion of single sales are held as the upper single sale size

limit is likely to be reached before the between sale within centre constraints
are fulfilled. The diff'erences in performance parameter values become less at
higher levels of the sale size limits (30%....60% increases) as the upper single
sale size limit becomes less restrictive,

Divergence of these results from what was expected (based on hypotheses
postulated from results obtained in Section 3.6.1) is unimportant insofar as
policy recommendations (based on experimentation with the model) are concerned
as trends in performance parameter values remained consistent. The results in
this section merely support previous statements which argued that a number of
rosters should be derived, using different decision rules, for each set of data
and restrictions operative for a particular auction season, to provide the roster

mekers with a range of rosters for the season concerned, (see Section 1.5 and

1560

411 Non-Conforming Rosters

Throughout the experimentation odd rosters show performance parameter
values which are inconsistent with the trends indicated. The reason for in-
consistent results lies in complex interactions between the sale size and time
constraints, coupled with large proportions of wool being sold at each auction
sale. If similar runs were conducted using a range of wool arrivals estimates
these inconsistencies would probably average out to give reasonably smooth trends.

The experimentation conducted in Sections 4.9 and 4.10 was aimed at
éstablishing whether the trends hypothesised were supported by results obtained
from a different wool arrivals estimate, and a different decision rule., The
hypotheses on performance parameter trends were supported by this experimentat-
ion. Consequently, it was felt that non-conforming rc_:sters were merely
fluctuations about the trends, and were unimportant insofar as policy recommend-
ations (made on the basis of experimentation with the model), were concerned.

The fact that these fluctuations do occur indicate that a range of rosters should
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be produced about any point on the experimental matrix. Furthermore, a
range of rosters should be prepared if the model is used to prepare roster

bases for the Wool Auction Sales Committee.

L2 Summary

The results and observations made in this Chapter are based on a small
sample of rosters. The objective was to find trends, or directional changes
in performance parameters, when the rostering constraints underwent changes.
The trends established by the model are summarised below.9 Unless stated
otherwise (see 2. below) the trends summarised assume comparisons with the

roster based on present levels of all restrictions (Section L.2).

1. Increasing Sale Size Limits (Section 4.2):
Pre-sale storage decreases (for 10%,....40% increases in the limits),
then increases (40% upwards increases in the limits).
Bales held over decreases
Average evaluation period decreases
Single : double sales ratio increases
2. Increasing Between Sale Within Centre Restrictions (Section ha3)
(from -20% to +20% of present values).
Pre-sale storage increases
Bales held over increases
Average evaluation period increases
Single : double sales ratio decreases
3« Increasing the Upper Sale Size Limits (Section 4.5):
Pre-sale storage decreases

Bales held over decreases

9. The results obtained in Seection 4.4 are not summarised due to the
complexity of doing so.
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Average evaluation period decreases
Single : double sales ratio increases
Prohibiting 'Monday' Sales (Section 4.6):
Pre-sale storage increases

Bales held over increases

Average evaluation period increases

Single : double sales ratio decreases (slightly)

Reducing the Number of Auction Centres (Section 4.7):

Pre ~sale storage increases

Bales held over increases

Average evaluation period increases

Single-: double sales ratio decreases

Rostering for an Even Rate of Sale (Section 4.8):
Pre-sale storage increases

Bales held over increases

Average evaluation period increases

Single : double sales ratio increases

124.

The trends summarised show relationships between the performance

parameters of the model. The pre-sale storage, bales held over, and average

evaluation
are usually competitive with regard to the single
ance parameter (assuming a lower single

involves less sales generally).

period parameters are generally complementary to one another;

they

: double sales ratio perform-
: double sales ratio is desirable as it

Explanations throughout this Chapter indicate

that the factors contributing to these relationships between performance param-

eters vary in importance according to the conditions operating for each run.
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CHAPTER V

CONCLUSTONS

5.1 Approximations and Model Validation

Model validation in terms of the wool rostering problem, has two
facets. These involve validation in terms of the feasibility of rosters with

regard to real world constraints, and validation in terms of the performance

or desirability of model generated rosters for practical use,

5.1.1 Approximations in the Model

The most important approximations in the model are concerned with:
i weekly increments for in-to-store arrivals estimates,
ii. non-work days partially fulfilling the time constraints,
iii. approximation to the nearest thousand bales.

It has been argued that the approximation of weekly increments for
in-to-store wool arrivals was made as interpolation within weeks to obtain
daily increments added little in terms of accuracy. The distribution of
arrivals over the week is probably random (except for Sundays, where a zero
arrivals situation is generally the rule). Using a process which provided
within week randomness for arrivals could give shif'ts in the timing of sales.
The question is whether randomisation of within week arrivals would give better
rosters in terms of the real world situation., If the within week arrivals are
random fractions of the total arrivals for that week then the answer is no;
randomisation of within week grrivals would add nothing in terms of accuracy
of rosters. If, however, th; within week arrivals follow some sort of defin-
able distribution then appropriate data could, and should, be inputted on a
daily basis to increase the accuracy of rosters.

The approximation of weekly increments for in-to-store arrivals

estimates is not important due to present difficulties in estimating seasonal
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wool arrivals for auction.  If vgriability in these estimates could be
removed then this approximation should be removed from the model.

The time constraints between sales are in part fulfilled by infeasible
sale days. Some of these days are also infeasible work days at wool stores. The
fact that distinction between feasible and infeasible work days was not made in
the model is not too serious as there is flexibility in labour use in wool stores
(i.e. through overtime). Statutory holidays should be prohibited from fulfilln
ing the time constraints for greater model realism. However, the rosters pro-
duced provide some flexibility in the timing of sales. Consequently a corr-
ection for those few cases where it is felt sales are too close together could
be carried out to overcome this problem.

The model approximates wool arrivals (and sales) to the nearest thousand
bales; 1i.e. wool inputs are in thousand bale increments. This approximation
was made due to the inability to estimate wool arrivals more accurately. Little
loss of realism of the model results from this approximation. If more accurate
mezns of estimating seasonal wool arrivals become available then conversion of
the model to include this greater accuracy would be désirable. This conversion

of the programme would be simple as it would involve mainly format changes.

5.1.2 Model Validation with Regard to Restrictions

The realism of the model, in terms of rostering restrictions, is of é
high degree. The restrictions included in the model are virtually exhaustive;
they are strictly enforced (compared to enforcement by the Wool Auction Sales
Committee)., As indicated in Chapter III the restrictions used were given by
the New Zealand Wool Board; they are regarded (by the Wool Auction Sales
Committee) as desirable rather than mandatory. When constraints are trans-
gressed then undesirable features such as peak handling periods, overtime,

" and small sale sizes are likely to result.
Some of the restrictions included in the model may be regarded as

unnecessary, especially those regarding the infeasible sale days (including
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Anniversaries, public holidays etc.). Most of the trivial constraints
included added little to model complexity but contributed to the realism

of the model.

5.1.3 Performance of Model Generated Rosters

In Chapter III it was shown that the programme could generate rosters
as well as, or better than, the Wool Auction Sales Committee's roster in
terms of pre-sale wool storage and bales held over, two of the most important
performance parameters of the system. Furthermore the time constraints are
not violated by the models rosters; therefore this source of peak handling
periods in wool stores is likely to be suppressed more than in the case of
the actual roster.

Throughout this Thesis little has been said about the wool demand aspect.
The reason for this is that conclusive econometric findings on wool demand are
scarce. Because of the paucity and inadequacy of information on the demand
for raw wool at auction, performance parameters and decision processes includ-
ing the demand aspect were excluded from the model. This exclusion is unim-
portant if the price elasticity of demand flor raw wool at auction is very
elastic (as wool prices would be neglibibly effected by the quantity of wool
offered for auction at individual sales). The model attempts to roster so
as to maximize the rate of sale of wool possible over the season, i.e. to sell
wool as soon as possible. If it is felt that this objective is detrimental
with regard to wool ﬁrices, and the New Zealand wool industry, then the useful-
ness of the model depends on whether either:

ia model generated rosters with a higher single : double

sales ratio would be satisfactory.1

1. Lowering the rate of sale of wool (e.g. on a monthly basis) could be achieved
by rostering many single sales (using the NETT criterion) and letting the
between sale within centre restrictions spread out sales and thus stabilise
the selling density. Raising the between sale within centre restrictions
and lowering the sale size limits could further this process (when applied
with a high NETT value or with sense switch 2 off).
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or ii. the decision processesiin the model can be altered to
be heuristic with regard to performance parameters
determined by demand while fetaining the basic frame-
work of the model. |
Unless a very accurate procedure for measuring expected demand
schedules for wool sold at auction was developed then method ii. above would
not be worthwhile implementing. Manipulation of the programme, via the NETT
criterion and restriction values, would probably suffice to provide the Wool

Auction Sales Committee with bases to aid rostering.

5.2 Real World Applicability of Model Generated Rosters

In Chapter III rosters for the 1971/72 season are generated and com-
pared with the actual roster for this season. The roster derived from the
"Corrected Average" data shows a pattern of sales similar to that of the
actual roster, indicating that the decision processes of the roster makers
and the model are not dissimilar.

The major difference between model generated rosters and the actual
roster are in the numbers of single and double sales rostered. In attempting
to decrease pre-sale wool storage and bales held over the model sells as much
wool as possible as soon as possible. When it appears benefiicial (for pre-
sale storage) to wait until a double sale can be held then the model rosters
accordingly; this situation presents itself more often to the model than it
does to the roster makers. Presumably factors other than pre-sale wool storage
cause this difference in roster formats.

By manipulation of the model it would be possible to generate a roster
more closely approximating the actual roster. For example, the actual roster
for 1971/72 has no double sales with more than 48,000 bales rosters. The

double sale size upper limit could be decreased to this amount.2 Double Sales

2. Doing so would decrease the NETT value for double sales rostering over 48,000
bales and may result in a single rather than double sale being rostered.
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could be decreased in number by raising the lower sale size limit for double
sales or by raising the NETT criterion value. Best use of the programme
would be made if a number of runs were carried out for various manipulations
of’ parameter values and decision processes in the model, This would provide
the roster makers with a number of bases on which to decide the final roster.

Apart from the flexibility aspects of the model, giving it the capabil=-
ity of producing a range of rosters, there is its performance parameter
measurement property. By studying the performance parameter and roster print=-
out (see example in Appendix C2) opinions on likely demands on wool brokers
stores, and the selling density for wool, may be formed. The model prints
out total cumulative arrivals, bales in store, and sale size rostered (if
applicable) at weekly intervals (and for each sale day) for each centre. By
studying these weekly figures brokers would be able to obtain a good idea of
their organisational requireménts over the season. For example, the nature
of arrivals between sales, and the sizes of sales, indicate when peak handling
psriods are likely to occur in brokers stores. Brokers would receive an idea
of how many bales they may have to carry over, of how long they may have between
the closing and sale dates for a sale. The selling density (per week, month
or quarter etc.,) can be obtained by adding the sale sizes over each period.
However, the value of the foster print-out depends on estimates of seasonal
wool arrivals being accurate.

The implications of rosters can be studied in basis providing, and,
final rosters. From the most favourable basis rosters, (with regard to per-
formance parameters and format implications), final rosters could be prepared
for final consideration bf the Wool Auction Sales Committee.

With regard to the implications and performance of rosters it is
important to realise that the rosters are only useful if the data they are
based on is realistic. At present some degree of overrostering occurs,

i.e. wool rosters formulated by the Wool Auction Sales Committee appea¥ to

roster more wool for sale than is likely to be available, The main reason
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behind overrostering is that it provides wool brokers some flexibility in
organising wool for sale. Overrostering allows brokers to include extra
bales in sales when actual arrivals outnumber expected arrivals. Further-
more, overrostering provides the Wool Commission more flexibility to offer
stockpile wool at sales.

Retaining overrostering in the model could be achieved by two means.
Firstly, the expected wool arrivals data could be inflated (by the means used
in Chapter III for the "Corrected Average" roster). Secondly, the sale size
limits could be lowered (propdrtion&tely) for the run, and then inflated for
the final roster. Which of these methods is desirable depends on which is
_acceptahle to the roster makers. If overrostering is to continue, and the

model is to be used, then one (or both) of the methods must be adopted.

Hed Experimentation With the Model

In terms of the performance parameters measured by the model experi-
mentation has produced some important results., The importance of the results
is indicated by the extent of shifts in performance measures for different
experimental runs. As indicated earlier the experimental results obtained
are not quantitatively accurate. Further experimentation around defined areas
of restriction and input values would be required before accurate quantitative

changes in performance could be proposed with a high degree of accuracy.

531 Results

Proportionate across the board increases in sale size limits are likely
to decrease total pre-sale wool storage and the extent of bales held over,
provided (for storage) the increases are not too great. Increases of the
order 20% - 4(% on present limits would be desirable with regard to these
two performance parameters. Increases in sale size limits could be achieved
by introducing a minimum lot size scheme whereby the minimum lot size was

made six or more bales. Introduction of such a scheme should meet with little

resistance from any sector of the wool indﬁdtry.
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The between sale within centre time restrictions are severe restrict-
ions on the system. Pre-sale wool storage and bales held over would decrease
significantly with decreases in these constraints. To achieve such decreases
in the constraints some new technology or practice, such as sale by sample
an dense baling, would need to be introduced (unless wool stores could econ-
omically increase their efficiency as measured by the rate of throughput of
wool). Increases in the between sale within centre restrictions are detri-
mental with regard to pre-sale wool storage and bales held over.

For simultaneous changes in both the sale size limits and between sale
within centre restrictions, the effect on performance parameter values depends
on the extent and direction of these changes. If the between sale within
centre restrictions could be decreased then little advantage would result if
the sale size limits were increased (in terms of wool storage). If the
between sale within centre restrictions were to increase then serious thought
could be given to increasing the sale size limits as this would tend to min-
imize resulting storage increases. Reversing the argument, if sale size
limits were raised then there would be little advantage in attempting to de-
crease the between sale within centre restrictions. If, however, sale size
limits were reduced then lower between sale within centre restrictions would
be very desirable with regard to pre-sale wool storage and bales held over.
.When consideration is given to changing one of these two restrictions, the
effect of that change on the other restriction must be considered; the joint
effects of these changes will determine the performance of the system.

Increasing only the upper sale size limits has beneficial effects on
pre-sale wool storage and bales held over parameters. This would be expected
‘for any changes which widened the feasible sale size range without increasing
the lower, or decreasing the upper, limits. Unless changes in the auction
procedure were to be introduced then the probability of implementing such
changes in sale size restrictions is low.

Reducing the number of auction centres has undesirable repercussions

in terms of the performance parameters of the model. Unless either the long
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term economies of decreasing the number of auction centres are very favour-
able, or the decrease can be accompanied by compensatory changes in the
levels of restrictions, then reducing the number of auction centres would be
undesirable.

Rostering to even out the rate of sale of wool (on a monthly or quarterly
basis) has heavy costs in terms of increased storage and bales held over.
Before attempting to reduce or stabilise the monthly selling density for wool,
more should be known about the demand for raw wool at auction. If more
accurate information on raw wool demand was available then the economic bal=-
ance could be found between the costs of holding wool and the return from
holding wool (due to increases in wool prices).

Increasing the rostefed period may be desirable in the light of better
knowledge of the demand for raw wool at auction (if this knowledge suggested
that extending the rostered period could be economically beneficial)., In
terms of the main performance parameters of the model an increase in the ros-
tered period would be of no advantage.

The conclusions drawn from experimentation with the model appeared to
hold for different wool arrivals estimates and decision rules for the single/
double decision procedure. Consequently policy recommendations made on the
basis of findings in the study should hold over a range of conditions within

the industry.

5.4 Value of the Study

The value of the study depends on whether the auction system is retained
in its present form. In Chapter I it was indicated that the future of the
auction system (and roster) depends very much on the policies followed by the
New Zealand Wool Marketing Co;poration.

At present the major difficulty in rostering wool sales is in obtain-
ing accurate estimates of seasonal wool Arrivals for auction. Forecasting

arrivals is very difficult at present due to fluctuations caused by private
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sales. Unless forecasting techniques can be improved the potential of
the model as an aid to rostering is very resﬁrieted.

If the roster is retained in its present form, and the forecasting
of wool arrivals improves, then the value of the study hinges on demand
aspects for wool sold at auction. In the light of future knowledge demand
may become important in determining roster formats. However, present know-
ledge does not point to demand as being important in the roster; the exclus-
ion of demand aspects from this model of the roster system should not detract
from the value of the study.

In conclusion the immediate threat to the value of the study lies in
the problem of forecasting wool arrivals for auction. If the forecasting
problem can be resolved then the policies decided by the Wool Marketing

Corporation will determine the future value of the study.
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APPENDIX A

THE COMPUTER PROGRAMME

The programme was writteﬁ in FORTRAN II to be run on an IBM 1620
computer with disk storage.

Wool inputs and outputs are approximated to the nearest 1000 bales,
The pre-sale storage and bales held over performance parameters have ' 000

bale-day units of measurement,
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AVAR(T)
BVAR(J)

CFACT(J)

CNB(J)
DBH(J)
DNAC(J)
DNOC
DIOM(J)
DNUM
DOY(M)
DVAR(J)
EVAR(J)
FHTS
FNBL
FNTB
FVAR(J)
GVAR(J)
I

IELD

THOLD(J)

IL

ILOW

IMAX

IOLD
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ALPHABETIC LISTING OF VARIABLES

floating point conversion for total possible storage.
floating point conversion for bales ﬁeld over,

multiplication factors to alter data input estimates for wool
arrivals.

floating point conversion for cumulative wool arrivals.

bales held over as a percentage of total possible storage.
floating point conversion for sums of evaluation periods.
floating point conversion for total sum of evaluation periods.
floating point conversion for sale numbers.

floating point conversion for total number of sales.

days of week (alphameric).

floating point conversion for storage removed due to sales.
floating point conversion for net storage.

total storage removed due to sales.

sum of bales not rostered for sale.

total number of bales that arrived over the season.

floating point conversion f'or unrostered bales.

floating point conversion for total bale arrivals.

day identification

day identification used to estimate the evaluation period.
future day identification used to enforce the between sale
within centre restrictions.
first day of week (I value). Used to input data.

day identification used to enflorce between sale within centre
restrictions.

length of the selling season in days.

variable to hold present I value when I is to be varied within
a stage (day)._'

last day of week (I value)., Used to input data,



JUPR

JHOLD

JLOWN

JLOWS

JMON(JT)
JOLD
JUPﬁN
JUPRS
K
KDATE

KL

MOND

MRS(J)
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day identification used to enforce between sale within

centre restrictions.

wool auction centre identification.

holding value for J when other J values are being used.

within Island centre identification used for between sale
between centre restrictions.

within Island centre identification used for between sale
between centre restrictions.

stores the number of 'Monday' sales in each centre.

centre identification used mainly for sense switch 3 option.
within Island centre identifications used for between sale
between centre restrictions,. |

season identification.

date of month.

the minimum closing to sale date period.

used to enforce between sale between centre restrictions.
minimum period between sales between centres in the same Island
when sale rostered is a double one.

as for LAD but for a single sale.

a value of LAD or LAS depending on sale type rostered.

minimum period until a single sale can be rostered (in some
centre). Used in between sale within centre restriotions.
path control variable, Control returns to different parts of
the programme depending on the value of LSD(J).

week day identif'ication,

feasible day identification within centres.

multiplication factor used to estimate bales held over and storage.
month.

identification variable used to give the value of M.

net storage in centre J.



MSR(J)
MSTR
MSUM
MUN(I)
N(K)
NAC(J)
NAH
NB(J)

NBA(J)

NBALES

NBH(J)
NBHO
NBO(J)

NER

NBS(J)
NCLOSE
NDC(J)
NDD(J)

NDIFF

NDS(J)

NDUJ

NGATN

NH(JT)
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storage removed due to sales in centre J,

storage removed due to a sale.

sum of 'Monday' sales.

feasibility (general) identification for days.

disk track i@entification.

sum of evaluation period§ in centre J.

bale numbers; used to establish centre priorities for a sale.
cumulative wool arrivals in centres.

number of bales previously rostered for sale in centre J at
that stage of the programme.

number of bales; used to establish the number of days until a
double sale can be rostered in some centre.

number of bales held over (weighted) in centre J.

weighted bales held over from last sale until this one.
unrostered bales in centre J (unsold bales).

additional days involved in the between sale within centre
restrictions when the sale considered is a double one,

the number of bales sold in the previous sale in centre J.
the evaluation period of the sale just rostered.

as above within centres.

the double - double between sale within centre restrictions.
the difference between the upper sale size limits for single
and double sales.

the lower sale size limit for double sales,

the double - single between sale within centre restriction.
the upper sale size limit for double saleé.

net storage saved if a double sale in the future is rostered
rather than a single sale now.

gain in storage from rostering-a double sale in the future.

the number of bales held over from a sale.
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NI(J) holding value for I when a sale is rostered so as weighted

bales held over can be calculated in the future.

NK disk track identification.

NLOSS loss in storage from rostering a double sale in the future.
oG sum of evaluation periods.

NoM(J) total sales in centres.

NoMD(.J) total double sales in centres.

NOMS(J) total single sales in centres.

NOVER bales that cannot be sold now but could be sold in a double

sale in the near future.

NSD(J) the single-double between sale within centre restrictions.
NSELL | number of bales sold in a sale.

NSL lower sale size limit for single sales.

NSOLD(J) number sold in a sale just rostered.

NSS(J) the single - single between sale within centre restrictions.
NST(J) bales that can be sold in a centre, and/or the number rostered

for sale. Bales in store (output).
NSU upper sale size limit for single sales,
NTS(J) total possible storage in centres (assuming no wool was sold

over the season).

NUM total sales.

NUMD total double sales.

NUMS total single sales.

NWATT period before a double sale can be held when a single sale can

be held now.

NYRF first year of season being rostered.

NYRS second year of season being rostered.

PAT percentage of total storage removed by sales.

PHB bales held over as a percentage of total storage.

PMOS total net storage.
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PNHO total bales held over (weighted).
PNOS total possible storage.
PST(J) storage removed as a percent of total storage.

SOLD total bales rostered for sale.
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APPENDIX A2 DISKIM

This is the input programme for cumulative weekly wool arrivals and
general feasible and infeasible days of the season for each centre.

Season 1engﬁh input is of 297 days from the 5th September to the 27th
June or 28th June; the former if the second year rostered is a leap year.

Inputs (to disk) day:of week identification number, date and month
for each day of the season.

With sense switch 3 on DISKIM prints a listing of all data inputs to
disk storage.
Data card order:

k

Il

2 for when second year of season is a leap year, otherwise
kK =1ee.e5, k # 2 (depending on disk capacity).
CFACT(J)...correction factors for arrivals data if corrections
are desired.
MUN(I), NB(J)...cards for each week giving feasible and infeasible

days and cumulative wool arrivals.

N.B., The CFACT(J) section (if not at unit values) will give truncated
estimates for cumulative wool arrivals. e.g. a value of 28.888 would

be truncated to 28.
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28
27
15
14

17

41

20

21
7
9
8

11

10

16
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DISKIM
DIMENSION N(5),MC(8),NB(8),MUN(300),D0Y(10),NDC(8),CNR(8),CFACT(8)

DEFINE DISK (8,4500)
COMMON M,N,K,NK, I ,MC,NB,NDC,MUN,DOY ,KDATE ,MNTH

READ 100,K
READ 40,(CFACT(J),J=1,8)
MOND =0
IL=1
1U=7
KDATE=4
MNTH=9
NK=900*(K-1)
GO TO 14
IL=1U+1
IU=1U+7
IF (K-2) 27,28,27
IF (1L-296) 14,15,25
IF (1L-295) 14,15,25
1U=297
M=MOND
READ 100, (MUNCI),1=1L,1U), (NB(J),J=1,8)
DO 41 J=1,8

CNB(J)=NB(J)
NB(J)=CNB(J)*CFACT(J)

DO 1 I=IL,IU

N(K)=NK+1+300

RECORD (N(K)) (NB(J),J=1,8)
M=M+1

KDATE=KDATE+1

N(K)=NK+1+600

RECORD (N(K)) M,KDATE,MNTH
IF (MUNC(CI)) 2,3,3

DO 4 J=1,8

MC(J)=0

GO TO 6

DO 30 J=1,8

MC(J)=1I

CONTIMNUE

N(K)=NK+I

RECORD (N(K)) (MC(J),J=1,8)
IF (SENSE SWITCH 3) 20,21
CALL FINDMM

CALL FINDNM

CALL FINDAM

PRINT 102,1,1L,1U,MUNCI) , KDATE, MNTH, (NB(J),J=1,8),(MC(J),J=1,8),N(

1K) ,M

6o 1o (¢7,8,7,9,7,9,7,7,9,7,9,7) ,MNTH

IF (KDATE-31) 1,13,13

IF (KDATE-30) 1,13,13

LF €K=2) 11,10,11

LE (KDATE-28) 1,13,13

IF (KDATE-26) 1,16,19

IL=1U+1

IU=1U+8

READ 100, (MUN(CI),I=IL,IU),(NB(J),J=1,8)
M=0



19
13

25
40
100
102
101

MOND=1

GO TO 17

IF (KDATE-29) 1,13,13
MNTH=MNTH+1

KDATE=0

IF (MNTH-12) 1,1,18
MNTH=1

CONTINUE

GO TO 12

CALL LINK (BEGINM)
FORMAT (8F6.2)

FORMAT (1614)

FORMAT (L4IL,1815,18,14)
FORMAT (8AL)

END

10y,



145.

APPENDIX A3 DISKMM

As for DISKIM but only inputs feasible and infeasible days data.
Cumalative wool arrivals data must have been put on to disk by DISKIM in
a previous run. This programme does not handle the leap year situation.
DISKMM was devised to speed up the input process for experimentation

conducted in Chapter IV,



55

= M

30

60
63

62

20

1

56

25
100
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D1SKMM

DIMENSION N(5),MC(8),NB(8),MUN(300),D0Y(10),NDC(8)
DEFINE DISK (8,4500)

COMMON M,N,K,NK,|,MC,NB,NDC,MUN,DOY,KDATE,MNTH

READ 100,K

NK=900%* (K-1)

IL=1

lU=7

READ 100, (MUNCI),!=IL,IU)
DO 1 I=IL,IU

IF (MUNCI)) 2,3,3

DO 4 J=1,8

MC(J)=0

GO TO 6

DO 30 J=1,8

MC(J)=1

IF (SENSE SWITCH 2) 60,62
IF (MUN(1)-1) 62,63,62
MUN(1)=-1

GO TO 2

N(K)=NK+1

RECORD (N(K)) (MC(J),J=1,8)
IF (SENSE SWITCH 3) 20,1
CALL FINDMM

CALL FINDNM

CALL FINDAM

PRINT 102,1,1L,1U,MUNCI),KDATE,MNTH, (NB(J),J=1,8),(MC(J),J=1,8),N(
1K) ,M

CONTINUE

IL=1U+1

IU=1U+7

IF (1L-297) 5,25,25

IF (1U-297) 55,55,56

1U=297

GO TO 55

CALL LINK (BEGINM)

FORMAT (1614)

FORMAT (LlL4,1815,18,14)

END



APPENDIX

FINDMM

FINDNM

RECMCM

FINDAM

147.

RECORD AND RETRIEVE SUBROUTINES

retrieves data from disk indicating feasibility of the day
retrieved for sales in individual centres.

retrieves cumulative wool arrivals data from disk for individual
centres for the day concerned.

records on disk, feasible days data for individual centres.
retrieves general day feasibility data, day of week identificat-

jon data, and month identification data from disk storage.



SUBROUTINE FINDMM

DIMENSION MC(8),N(5)
COMMON M,N,K,NK, I, ,MC
N(K)=NK+I

FETCH (N(K)) (MC(J),J=1,8)
RETURN

END

SUBROUTINE FINDNM

DIMENSION NB(8),N(5),MC(8)
COMMON M,N,K,NK,I,MC,NB
N(K)=NK+1+300

FETCH (N(K)) (NB(J),J=1,8)
RETURN

END

SUBROUTINE RECMCM

DIMENSION MC(8),N(5)

COMMON M,N,K,NK,I,MC
N(K)=NK+I

RECORD (N(K)) (MC(J),J=1,28)
RETURN

END

SUBROUTINE FINDAM

DIMENSION N(5),MUN(300),D0Y(10),MC(8),NB(8),NNC(8)
COMMON M,N,K,MK,1,MC,NB,NDC,MUN,DOY,KDATE,MNTH
N(K)=NK+1+600

FETCH (N(K)) M,KDATE,MNTH

RETURN

END

148.
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APPENDIX AS BEGINM

BEGINM prints the roster heading. The programme calls in initiating
subroutines and initiates the value for the NETT variable of the single/

double decision process. Initiation of the NETT value is done via card

il‘lpu‘b .
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BEGINM

DEFINE DISK (8,4500)

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),D0Y(10),NBS(8),NSOLD(8)
1,NBH(8),IHOLD(8),NOMS (8),NOMD(8) ,MSR(8) ,NTS(8),NH(8),NI(8),JIMON(8)
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8),LSD(8)

COMMON M,N,K,NK,I ,MC,NB,NDC,MUN,DOY,KDATE ,MNTH,NBS ,NSOLD,NBH, IHOLD
1,NOMS ,NOMD ,MSR,NTS ,NH,NI ,JMON,NAC, IMAX, NSL,NSU,NDL,NDU,KL, LAS, LAD,
2FMTS,FNTB, PNOS ,NUMS ,NUMD, PNHO ,NOC,NSS ,NSD,NDS,NDD, NBA, LSD

NK=900+*(K-1)

CALL STARTM

CALL INITNM
READ 120,MUN(299)
CALL INDMCM

GO TO (60,65,66,69,77),K
60 PRINT 115
GO TO 7
65 NYRS=1971
NYRF=1972
PRINT 103,NYRS,NYRF
GO TO 7
66 NYRS=1968
NYRF=1969
GO TO 78
69 NYRS=1969
NYRF=1970
GO TO 78
77 NYRS=1970
NYRF=1971
78 PRINT 100,NYRS,NYRF
7 PRINT 101
PRINT 102
=1
CALL FINDNM
CALL FINDAM
DO 1 J=1,8
1 NBS(J)=0
PRINT 110, 1,MUN(I),KDATE,MNTH, (NB(J),NB(J),NBS(J),J=1,8)
CALL LINK (SELLEM)

100 FORMAT (63X,18HWOOL SALE ROSTER,//67X,14,2X,14)

101 FORMAT (//2X,2HI ,5H MAN ,3X,U4HDATE,L4X,12H AUCKLAND ,1X,12H WAN
1GANUI ,1X,10H NAPIER ,1X,14H WELLINGTON ,1X,12HCHRISTCHURCH,1
2X,12H  TIMARU  ,1X,12H DUNEDIN ,1X,12HINVERCARGILL)

102 FORMAT (20X,8(12H NB NST SALE,1X),2X,5H NDC ,5H PER ,7H  NETT)

103 FORMAT (63X,18HWOOL SALE ROSTER,//61X,I4,2X,14,2X,10HCORR AVGE)

110 FORMAT (/1L,13,1X,4H DAY,213,1X,8(314,1X),/)

115 FORMAT (63X,18HWOOL SALE ROSTER,//63X,18HEXPERIMENTAL YFAR)

120 FORMAT (14)

END
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APPENDIX A6 INITNM

INITNM initiates mainly the unsubscripted variables at their starting
levels, Variables initiated via card input (in order) are:
the between sale within centre restrictions,
the order of days for the week,
LSD(J) values (these }ere used initially when the programme
was capable of rostering all wool arrivals for sale (see
Appendix A11). It is now used as a path control variable
with zero values initiated.

the sale size limits.



100
101
102
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SUBROUTINE INITNM

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),D0Y(10),NBS(8),NSOLD(8)
1,NBH(8), IHOLD(8),NOMS(8),NOMD(8),MSR(8),NTS(8),NH(8),NI(8),JMON(S)
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8),LSD(8)

COMMON M,N,K,NK,|,MC,NB,NDC,MUN,DOY,KDATE,MNTH, NBS,NSOLD,NBH, | HOLD
1,NOMS, NOMD,MSR,NTS,NH, NI, JMON, NAC, IMAX,NSL,NSU,NDL,NDU, KL, LAS, LAD,
2FMTS,FNT8, PNOS, NUMS , NUMD, PNHO, NOC, NSS,NSD,NDS, NDD, NRA, LSD

IMAX=297

KL=7

LAS =4

LAD=6

FMTS=0.

FNTB=0.

PNOS =0,

NUMS =0

NUMD =0

PNHO=0.

NOC=0

READ 100, (NSS(J),J

READ 100, (NSD(J),J

READ 100, (NDS(J),J

READ 100, (NDD(J),J

READ 101, (DOY(M),M=

READ 102, (LSD(J),J=1

READ 102,NSL,NSU,NDL,NDU

FORMAT (6X,12,7(14))

FORMAT (8AL)

FORMAT (81L)

RETURN

END

muw mn

’
’
4
s
L4
’
,
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APPENDIX A7 STARTM

STARTM initiates variables at zero levels. It calculates pre-sale

wool storage for the first week of the season (first Ki days).



85

20

154.
SUBROUTINE STARTM

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),D0Y(10),NBS(8),NSOLD(8)
1,NBH(8), IHOLD(8),NOMS(8),NOMD (8) ,MSR(8),NTS(8),NH(8),NI(8),IJMON(R)
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8)

COMMON M,N,K,NK,1,MC,NB,NDC,MUN,DOY,KDATE,MNTH, NBS,NSOLD, NBH, IHOLD
1,NOMS,NOMD,MSR,NTS,NH, NI, JMON, NAC, IMAX,NSL,NSU,NDL,NDU, KL, LAS, LAD,
2FMTS,FNTB, PNOS, NUMS, NUMD, PNHO ,NOC,NSS,NSD, NDS, NDD, NRA

DO 85 J=1,8

NBS(J)=0

NSOLD (J) =0

NBA(J)=0
0

CALL FINDNM

DO 20 J=1,8
NTS(J)=NB(J)*297
RETURN

END
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APPENDIX A8 INDMCM

INDMCM records (on disk) specific centre day infleasibility.

€., anniversaries.
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SUBROUTINE I1NDMCM

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300)
COMMON M,N,K,NK,I,MC NB,NDC,MUN
DO 191 JOLD=1,8
60 TO (190,195,192,195,193,193,194,194),J0LD
190 1=149
GO TO 196
195 1=142
GO TO 196
192 1=58
GO TO 196
193 1=100
GO TO 196
194 1=198
196 CALL FINDMM
J=JOLD
MC(J)=0
CALL RECMCM
191 CONTINUE
RETURN
END
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APPENDTX A9 SELLEM

This is the main programme. Its functions include rostering
wool sales subject to the model constraints, and measuring performance
parameters.

SELLEM is broken up into thirteen sections for ease of reference

from the model development section in Chapter III.



710
700

701
702
705

706
707

703
24

98
90

10

11

SELLEM
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DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),D0Y(10),NRS(8),NSOLN(8)
1,NBH(8),1HOLD(8),NOMS(8),NOMD(8) ,MSR(8),MNTS(8),NH(8),MI(8),JIMON(8)
2,NAC(8),NSS(8),NSD(8),NDS(8),MDD(8),NBA(8),NST(8),LSN(])

DEFINE DISK (8,4500)

COMMON M,N,K,NK, I ,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLD,NBH, IHOLD
1,NOMS,NOMD ,MSR,NTS ,NH,NI ,JMON,MAC, IMAX,NSL,NSU,NDL,NDU,KL, LAS, LAD,
2FMTS,FNTB, PNOS, NUMS ,NUMD , PNHO,NOC,NSS ,NSD,NDS,NDD,NBA, LSD

DO 710 J=1,38

NST(J)=0

IF (SENSE SWITCH 3) 700,701

READ 100,10LD,JHOLD,NSELL,NSL,NSU,NDL,NDU
NWAIT=0

NETT=0

DO 88 1=8,297

IF (SENSE SWITCH 3) 702,703

NCLOSE=0

IF (I-10LD) 6,705,706

J=JHOLD

NST(J)=NSELL

GO TO 132

IF (NDU-100) 707,6,6

READ 100,10LD,JHOLD,NSELL,NSL,NSU,NDL,NDU
GO TO 702

loLD=1
NVAIT=0
NDIFF=NDU-NSU

NETT=0

NCLOSE=0

NRALES=0

NBR=0

IF (MUN(CI)) 98,90,90
GO TO 6

CALL FINDMM

DO 3 J=1,8

IF (1-MC(J)) 3,5,3
CONTI NUE

GO TO 6

I=1-KL

CALL FINDNM

1=10LD
NST(J)=NB(J)-NBA(J)
IF (J-8) 7,10,10
J=J+1

IF (1-MC(J)) 9,5,9
NAH=NST(1)

JHOLD=1

DO & J=2,8

IF (NAH-NST(J)) 11,4,k
NAH=NST(J)

JHOLD=J

CONT INUE

J=JHOLD

T




97
37
17
14
18

15
19

20

16
21

91
22

453
454

124
122
123

L0o

402
L19

LOo4
403

603

655
654

130
125

195
611
129

IF (NST(J)-NSL) 97,37,37
GO TO 6

IF (IHOLD(J)) 16,16,417
IF (NBS(J)-NDL) 14,15,15
IF (NST(J)-NSU) 16,16,17
IF (NST(J)-NDL) 16,18,18
NBR=NSD(J)=-NSS(J)

GO TO 21

IF (NST(J)-NSU) 16,16,19
IF (NST(J)-NDL) 16,20,20

MBR=NDD (J)-NDS (J)

GO TO 21

NBR=0

JHOLD (J)=I1HOLD(J)+NBR

IF (IHOLD(J)-NBR) 23,23,91
I'F CI=1HOLD(J)) 22,23,23

| =1-KL

CALL FINDNM

I =1+KL

NOVER=NB (J)-NBA(J)-NSU

IF (NDIFF-NOVER) 453,454,454
NOVER=NDIFF

I=1HOLD(J)

IF (1-297) 124,124,125
CALL FINDMM

IF Mecdy-1) 122,125,122
I=l+1

IF (1-297) 124,124,125
I=1+2

IF (1-297) 400,400,338
CALL FINDMM

IF (MC(J)-1) 402,403,402
I=1-1

CALL FINDMM

IF (MC(J)-1) 404,123,404
I=1+1

tF (1-297) %19,419,125
I=1-2

NWAIT=1-10LD

IF (LSD(J)) 603,603,604
I=1-KL

CALL FINDNM

I=1+KL
NOVER=NB(J)-NBA(J)-NSU

IF (NOVER-NDIFF) 654,654,655
NOVER=NDIFF
NLOSS=NSU*NWAIT
NGAIN=NOVER* (NSS (J)-NWAIT)
METT=NGAIN-NLOSS

IF (SENSE SWITCH 2) 130,125

IF (NETT-MUN(299)) 125,125,195

NST(J)=NSU

GO TO 129

IF (NWAIT) 500,500,611
NST(J)=0

IHOLD (J)=I1HOLD(J)-NBR
I=10LD

IT
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338

23
131
600
601

602
160

59
51

604

450
451

650
503

137
500
132
810

802

800

803
804

820

NWAIT=0
GO TO 10
NWAIT=0
NETT=0

GO TO 132

IF (NST(J)-NDL) 131,123,123
NBR=NDS (J)=-NSS(J)
IHOLD(J)=1HOLD(J)+NBR

IF (1OLD-IHOLD(J)) 600,601,601
I=IHOLD(J)

GO TO 602

I=10LD

IF (1-297) 160,160,338
I=]-KL

CALL FINDNM
NBALES=NB(J)-NBA(J)

IF (NBALES-NDL) 59,51,51
I=1+KL+1

GO TO 602

I =1+KL

LSD(J)=100

GO TO 124

LSND(J)=0

| =1-KL

CALL FINDNM

IF (NST(J)=-NSU) 451,451,450
NST(J)=NSU

NOVER=NB (J)-NBA(J)-NST(J)
IF (NOVER-NDIFF) 503,503,650
NOVER=NDIFF
NLOSS=NST(J)*NWAIT
NGAIN=NOVER* (NSS(J)-NWAIT)
NETT=NGAIN-NLOSS

IF (SENSE SWITCH 2) 137,500
IF (NETT-MUN(299)) 500,500,195
IHOLD(J)=1HOLD(J)=-NBR

IF (NST(J)-NSU) 820,810,820
DO 800 J=1,8

IF (NST(J)-NSU) 800,802,802
I=10LD '
|=1=-KL

CALL FINDNM

I=1+KL

NST(J)=NB(J)=-NBA(J)
CONTINUE

NAH=NST(1)

JHOLD=1

DO 804 J=2,8 .

IF (NST(J)-NAH) 804,804,803
NAH=NST(J)

JHOLD=J

CONTINUE

J=JHOLD

NST(J)=NSU

1=10LD

IF (NST(J)-NSU) 25,25,26

YLT
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26
28
25

31

27
29

30

32

34
33
61
62

39
38

709
40

L1
43

Ly

50

IF (NST(J)-NDL) 27,28,28
IF (NST(J)-NDU) 29,30,30
NOMS (J)=NOMS (J)+1
LS=NSS(J)

NSS(J)=NSS (J)
NBACJ)=NBA(J)+NST(J)
NBS(J)=NST(J)

GO TO 32

NST(J)=NSU

GO TO 25

NOMD (J)=NOMD (J) +1
LS=NDS(J)

GO TO 31

NST(J)=NDU

GO TO 29

ITHOLD (J) =1+LS
I=10LD
MFACT=IMAX~I
MSTR=NRS (J) *MFACT
MSR(J)=MSR(J)+MSTR
MFACT=1-NI(J)
NBHO=NH(J)*MFACT
NBH(J)=NBH(J)+NBHO

CALL FINDNM
NH(J)=NB(J)-NBA(J)
NI(J)=I

IF (MUNC1)-1) 33,34,33
JMON(J)=JMON(J)+1

I=1-15
IF (1) 61,61,62
=1
DO 39 1=1,10LD
CALL FINDNM
IF (NBA(J)-NB(J)) 38,38,39
CONTINUE
lELD=1
=|0LD
NDC(J)=1-1ELD
IF (SENSE SWITCH 3) 708,709

IF (LS-NSS(J)) u40,40,41
LMAX =LAS

GO TO 42
LMAX=LAD
JLOWS=1
JUPRS =4
JLOWN=5
JUPRN=8

GO TO 50
JLOWS =5
JUPRS =8
JLOWN=1
JUPRN=4

DO 45 L=1,LMAX
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94
63
45
92
L6
93

48

L7

104

57

49

L60

96

55
708

6L

79
58

I=10LD+L

IF (1-297) 94,94,92
CALL FINDMM

DO 63 J=JLOWS,JUPRS
MC(J)=0

CALL RECMCM

IF (LMAX-4) u4G6,L46,47
I=10LD+1

IF (1-297) 93,93,460
CALL FINDMM

DO 48 J=JLOWN,JUPRN
MC(\])=0

CALL RECMCM

GO TO 460

DO 49 L=1,3

I=10LD+L .
IF (1-297) 104,104,460
CALL FINDMM

DO 57 J=JLOWN,JUPRN
MC(J)=0

CALL RECMCM
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ILOW=10LD+1 ' W .1

IUPR=10LD+LS

IF {IUPR-297) 95,95,96 *
IUPR=297

J=JHOLD

DO 55 1=10LD,IUPR

CALL FINDMM

MC(J)=0

CALL RECMCM

I=10LD ' XI
NSOLD(J)=NST(J)
MFACT=1MAX~1

I=1-1

CALL FINDNM

DO 64 J=1,8
NTS(J)=NTS(J)=-(NB(J)*MFACT)
I=1+1

CALL FINDNM

po 58 J=1,8

NAC (J)=NAC(J)+NDC(J)

IF (NDC(J)) 58,58,79
NCLOSE=NDC(J)
NTS(J)=NTS(J)+(NB(J)*MFACT)

CALL FINDAM ~XIEL

DO 170 J=1,8

NST(J)=NB(J)-NBA(J)

IF (NSOLD(J)-0) 170,170,172
NST(J)=NST(J)+NSOLD(J)

PUNCH 100,1,J,NSOLD(J) ,NSL,NSU,NDL,NDU
CONTINUE

IF (NCLOSE) 67,67,83

IF (M-1) 80,80,76

IF (M-8) 2,80,2

MUN(I1+1)=-1



163.

80 PRINT 103, 1,MUN(I)
1,NCLOSFE,NWAIT,NETT
2 DO 89 J=1,8
NNC(J)=0
NST(J)=0
89 NSOLD(J)=0
88 CONTINUE
CALL LINK (PARAM)
103 FORMAT (14,13,1X,A4,213,1X,8(314,1X),3X,14,2X,13,2X,16,/)
100 FORMAT (714)
END

,DOY (M), KDATE ,MNTH, (NB(J) ,NST(J) ,NSOLD(J), J=1,8)
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APPENDIX A10 PARAM

PARAM evaluates and summarises performance parameter (and other)
values. These values are printed in the performance parameter section

of output (see example roster in Appendix c2).
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PARAM

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),D0Y(10),NBS(8),NSOLD(8)
1,NBH(8), IHOLD(8), NOMS(8),NOMD(8),MSR(8),NTS(8),NH(8),NI(8),JMON(8)
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8),PST(8),DBH(8),DN
3AC(8),DNOM(8),NBO(8),FNBO(8),FNB(8),NOM(8),MRS(8), AVAR(8),BVAR(S),
4GVAR(8) ,DVAR(8),EVAR(8),FVAR(8)

DEFINE DISK (8,4500)

COMMON M,N,K,NK,!,MC,NB,NDC,MUN,DOY,KDATE,MNTH, NBS,NSOLD, NBH, IHOLD
1, NOMS, NOMD ,MSR,NTS,NH, NI, JMON, NAC, IMAX,NSL, NSU,NDL,NDU, KL, LAS, LAD,
2FMTS ,FNTB, PNOS, NUMS , NUMD, PNHO, NOC, NSS,NSD, NDS, NDD, NBA

MSUM=0

FNBL=0

DO 1 J=1,8

AVAR (J)=NTS (J)

BVAR(J)=NBH(J)

DVAR (J)=MSR(J)

DO 65 J=1,7,2

FMTS=FMTS+DVAR(J)+DVAR(J+1)

PNOS=PNOS+AVAR(J)+AVAR(J+1)

PNHO=PNHO+BVAR (J) +BVAR(J+1)

NUMS =NUMS+NOMS (J) +NOMS (J+1)

NUMD =NUMD+NOMD ( J) +NOMD (J+1)

NOC=NOC+NAC(J)+NAC(J+1)

DO 60 J=1,8
MSUM=MSUM+ JMON (J)

NOM ( J)=NOMS (J)+NOMD (J)

MRS (J)=NTS(J)-MSR(J)

EVAR(J)=MRS (J)

PST(J)=DVAR(J) /AVAR(J)*100.

DBH(J)=BVAR(J) /AVAR(J)*100.

DNAC (J) =NAC (J)

DNOM (J) =NOM(J)

DNAC (J) =DNAC(J) /DNOM (J)

1=297

CALL FINDNM

NBO (J)=NB(J)=-NBA(J)

FVAR(J)=NBO (J)

FNBL=FNBL+FVAR(J)

GVAR(J)=NB(J)

FNTB=FNTB+GVAR(J)

SOLD=FNTB-FNBL

PMOS=PNOS-FMTS

NUM=NUMS +NUMD
DNOC=NOC

DNUM=NUM
DNOC=DNOC/DNUM

PAT=FMTS/PNOS+*100.

PHB=PNHO/PMOS*100.

PRINT 103

PRINT 107

PRINT 108, (NTS(J),J=1,8), (MSR(J),J=1,8), (MRS(J),J=1,8), (PST(J),J=1
1,8),PNOS,FMTS, PMOS, PAT

PRINT 109, (NBH(J),J=1,8),(DBH(J),J=1,8), PNHO, PHB

PRINT 110, (NB(J),J=1,8),(NBA(J),J=1,8), (NBO(J),J=1,8),FNTB,SOLD,FN
1BL

PRINT 111, (NOMS(J),J=1,8), (NOMD(J),J=1,8), (NOM(J),J=1,8), NUMS, NUMD
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1,NUM
PRINT 112, (NAC(J),J=1,8), (NOM(J),bJ=1,8),(DNAC(J),J=1,8),NOC,NUM, DN
10C
PRINT 113, (JMON(J),J=1,8)
PRINT 114,MSUM
103 FORMAT (55X,18HSUMMARY OF SALES,//62X,3HAND,//52X,23HPERFORMANCE
1 PARAMETERS)
107 FORMAT (//28X,12H AUCKLAND ,12H WANGANUI ,10H NAPIER ,1u4H WE
ILLINGTON » 12ZHCHRISTCHURCH, 12H TIMARU ,12H DUNEDIN +12HINV
2ERCARGILL,//)

108 FORMAT (24H TOTAL STORAGE = ,8(4X,18),/24H STORAGE REMOV
1ED = ,8(LX,18),/24H NET STORAGE = ,8(4X,18),/24H REM
20VED PERCENT = ,8(4X,F8.2),//4L4X,24H GRAND TOT STORAGE = ,F10
3.0,/u44X,24H GRAND TOT REMOVED = ,F10.0,/44X,24H GRAND TOT RE
LMAIN = ,F10.0,/44X,24H OVERALL PERCENT = ,3X,F6.2)

109 FORMAT (//2u4H BALES HELD OVER = ,8(4X,18),/24H PERCENT OF
1TOTAL = ,8(4X,F8.2),//4L4X,24H TOTAL HELD OVER = ,F10.0,/4LX,
224H PERCENT OF TOTAL = ,3X,F6.2)

110 FORMAT (//24H TOTAL ARRIVALS = ,8(4X,18),/24H TOTAL BALES

1 SOLD = ,8(L4X,18),/24H REMAINDER UNSOLD = ,8(LX,18),//LLX,24H
2 G TOTAL ARRIVALS = ,110,/4L4X,24H GRAND TOTAL SOLD = ,110,
3/44X, 24H G TOTAL REMAINING = ,110)

111 FORMAT (/2uH SINGLE SALES = ,8(6X,16),/24H DOUBLE SALES
1 = ,8(6X,16),/24H TOTAL SALES = ,8(6X,16),//44X,24H
2 TOTAL SINGLE = ,u4X,16,/44X,24H TOTAL DOUBLEFE = ,uLX,
316,/44X, 24H GRAND TOTAL SALES = ,uX,16)

112 FORMAT (//u4X,20HEVALUATION DAYS = ,8(112),/3X,21H NUMBER OF SALE
18 = ,8(112),/3X,21H AVGE LENGTH EVAL = ,8(6X,F6.2),//u4X,24H
2 TOTAL EVALUATION = ,112,/4L4X,24H TOTAL SALES = ,112,/44
3X,24H AVGE TOTAL EVALN = ,6X,F6.2)

113 FORMAT (//2u4H MONDAY SALES = ,8(6X,16))

114 FORMAT (//u4b4X,2u4H TOTAL MON SALES = ,112)

END
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APPENDIX A11 ADDITTONAL PROGRAMMING

The programming presented in this section was incorporated in
SELLEM to produce rosters with little or no wool remaining unsold at the
enl of the season. This property of the programme was removed due to
variability in wool arrivals estimates towards the end of the season. The

programming was included in Section VII of SELLEM.

32 THOLD(J) = I + LS
I = LsD(J)
CALL FINDNM
NB(J) = NB(J) = NBA(J)
IF (IHOLD(J) - 297) 402,402,403
403 NB(J) = NB(J) + NBS(J)
IF (NB(J) - NDL) 400,401,401
400 NDIFF = NSU
GO TO 410
401 NDIFF = NDU
410 IUPR = LSD(J)
DO 404 I = IOLD, IUFR
I=1I-KL
CALL FINDNM
NB(J) = NB(J) - NBA(J),+ NBS(J)
IF (NB(J) - NDIFF) 405,406,406
405 I = I +KL
CALL FINDMM
Mc(J) = 0
404 CALL RECMCM
406 I = I +KL
IF (I - IOLD) 465,465,409
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165 NST(J) = NDIFF
GO TO 65
409 IF (MUN(J) - 400) 490,65,65
490 NST(J) = 0 '
| MUN(J) = 400
480 IF (NBS(J) = NBL) 411,412,412
411 NoMS(J) = NoMs(J) - 1
GO TO 413
412 NOMD(J) = NOMD(J) - 1
413 NBA(J) = NBA(J) - NBS(J)
NBS(J) = NGAIN
iHOLD(J) = THOLD(J) - LS

GO TO 129
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. APPENDIX B
DATA USED

The data presented in this appendix is:

Appendix B1
B2
B3
By
B5
B6

"Unweighted Average" wool arrivals data,

"Weighted Average" wool arrivals data,

correction factors for "Corrected Average" data,
infeasible sale days for the 1971/72 season.
regional anniversaries 1971/72,

wool arrivals data used in experimentation conducted

in Chapter IV,
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APPENDIX B1 "UNWEIGHTED AVERAGE" CUMULATIVE WOOL ARRIVALS DATA
(In Thousand Bales)

Date Auckland Wangamui Napier Welling= Christ- Timaru Dunedin Inver=-

ton church cargill
Sep

5 3 2 4 3 12 5 U 7
12 3 2 5 3 16 7 52 8
19 L 2 6 3 19 10 59 9
26 6 2 g 4 23 11 65 11
Oct

3 9 3 15 5 24 14 69 12
10 13 L 23 9 28 19 73 15
17 17 8 32 14 + 3L 21 76 18
2L 2 12 46 17 43 22 80 20
3 32 16 61 21 48 v 26 84 23
Nov

T 40 20 76 28 55 27 90 30
14 49 28 90 39 63 31 L 38
21 60 38 107 49 - T 36 99 43
28 72 L3 122 56 83 41 104 L8
Dee :

5 83 49 137 66 93 43 110 56
12 93 57 152 Th . 103 L7 115 61
19 106 65 165 82 M4 50 121 66
26 112 70 172 88 122 52 124 70
Jan

2 117 Tk 178 95 127 S 127 Th

9 127 80 187 102 136 57 131 83
16 135 85 194 108 143 60 136 93
23 143 89 199 113 148 65 140 104
30 14,8 91 203 . 116 153 68 145 112
Feb

6 155 93 205 119 158 70 148 119
13 156 o4 207 121 161 71 152 126
20 159 95 209 1221 - 164 73 155 134
27 162 96 211 124 166 T4 158 141
Mar

6 166 97 215 126 168 75 161 150



Date

Mar
15
20
27
Apr

10
17
2l
May

15
22
29

Jun

12
19
26

1968/69, 1969/70, 1970/71 seasons.
New Zealand Wool Brokers' Association Schedule of Weekly Receipts Into

Store 1968-69 - 1969-70 - 1970-71 Seasons,

Auckland Wanganui Napier Welling-

169

175
176

180
185
188
193

198
206
211
215
220

22,
225
225
225

99
102
105

107
108
109
110

111
112
13
114
115

115
115
115
115

218
221
22),

227
229
232
233

235
236
238
239
241

242
242
242
242

ton

128
130
132

134
136
138
139

140
144
143
143
143

145
143
143
143

Christ-
church

171
173
174

175
177
178
. 180

182
184
185
185
185

185
185
185
185

171,

Timaru Dunedin Inver-

7
80

81

82
83
83
83

83
83
83
83
83

83
83
83
83

163
166
167

169
170
173
176

178
180
180
180
180

180
180
180
180

cargill

154
162
165

168
172
175
177

178
179
180
1382
183

133
183
183
183

Estimates are unweighted averages of the weekly arrivals for the

Primary data was obtained from the
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APPENDIX B2 "WEIGHTED AVERAGE" CUMULATIVE WOOL ARRIVALS DATA
. (In Thousand Bales)

Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-

ton church cargill

Sep

5 2 2 5 3 11 6 42 6
12 4 2 6 3 15 7 50

19 5 2 i 3 18 10 56 8
26 6 2 10 4 22 11 63 10
Oct

3 9 3 15 5 2l 14 67 11
10 12 5 03 8 28 18 7 14
i 16 7 32 13 33 21 7 18
2l 2l 12 43 16 44 22 78 21
31 31 16 61 21 46 2l 82 23
Nov

7 38 19 73 27 53 27 87 29
1 46 27 88 37 61 30 91 38
21 57 37 105 47 71 35 96 42
28 68 L3 121 54 80 39 103 47
Dec

5 79 49 137 63 90 42 108 55
12 90 59 152 73 101 Ly 113 60
19 101 65 166 81 114 48 118 65
26 107 70 172 87 121 50 120 £8
Jan..

2 113 73 178 92 126 51 12 73
9 120 78 187 99 135 54 128 80
16 127 82 192 103 11 57 133 91
23 135 86 197 109 146 62 136 103
30 140 88 202 111 150 66 141 109
Feb

6 14, 90 204 113 156 68 10 117
13 147 91 206 115 159 70 148 124
20 150 92 209 116 162 71 151 133
27 152 93 212 118 164 73 154 139
HB.I' A

6 156 9% 215 120 166 T 156 151

13 159 95 218 122 169 76 158 150
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Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-

ton church ~ cargill

Mar

20 163 98 221 124 170 79 161 159
27 166 109 . 225 126 172 81 163 163
Apr

3 169 103 227 128 173 81 164 166
10 174 104 230 130 175 81 166 170
if 178 104 232 92 176 81 169 174
2 182 . 105 234 . 133 178~ , 81 173 176
May

1 187 106 236 134 180 a1 175 177

8 193 107 237 135 183 81 176 177
15 199 109 239 137 183 81 177 178
22 - 203 109 240 137 183 81 T 179
29 208 111 2441 138 183 81 i ¥ 180
Jun

5 212 111 243 138 183 81 177 180
12 214 111 243 138 183 81 177 180
19 214 144 243 138 183 81 177 180
26 214 111 2L3 138 183 81 177 180

Estimates are weighted averages for three seasons data. The data is
extracted by taking:
10% of the figure for the 1968/69 season,
BQ% of the figure for the 1969/?0 season,
60% of the figure for the 1970/71 season.
Primary data was obtained from the New Zealand Wool Brokers' Association

Schedule of Weekly Receipts Into Store 1968-69 - 1969-70 - 1970-71 Seasons.
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APPENDIX B3 CORRECTION FACTORS FOR "CORRECTED AVERAGE" DATA

The product of "Unweighted Average" weekly arrivals data with the
appropriate correction factor yields corresponding "Corrected Average" data

(weekly estimates of cumulative wool arrivals in centres).

Corrsction Factor

Auckland 1,054
Wanganui 1.079
Napier 1.108
Wellington 1.105
Christchurch 1.028
Timaru 1.085
Dunedin 1.034
Invercargill 1.082

Correction factors are derived by the equation:

1
g __ total bales rostered for sale 7
Correction Fact°‘""Unweighted Everage" estimate of total arrivals'‘ r centre)

1. Obtained from the roster for the 1971=72 season, see "New Zealand
Wool Sales - Season = 1971-72", New Zealand Wool Commission.
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"APPENDIX B4 INFEASIBLE SALE DAYS - 1971/72 : ALL CENTRES
1971 Monday 25th October - Labour Day
Thursday 23rd December
to - Christmas Break
1972 Monday 10th January

Friday 31st March Good Friday

Monday 3rd April

Easter Monday

Tuesday 25th April Anzac Day

Monday 5th June Queen's Birthday



176.

APPENDIX B5 REGIONAL ANNIVERSARIES - 1971/72

Auckland 31st January
Wanganui 24th January
Napier 1st November.
Wellington 24th January
Christchurch 13th December
Timaru 13th December
Dunedin 20th March
Invercargill 20th March

New Zealand Official Year Book, 1971-72.
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APPENDIX B6 CUMULATIVE WOOL ARRIVALS DATA USED FOR EXPERIMENTATION
(In thousand bales)

Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-

ton church cargill

Sep

5 3 1 L 3 12 b L4l 6
12 3 2 5 3 16 6 50 7
19 L 2 6 3 19 9 57 8
26 6 2 9 N 23 11 63 11
Oct

3 10 3 15 6 25 14 67 13
10 15 5 22 10 28 19 71 16
17 20 9 3 16 35 21 75 18
2l 28 15 49 20 Ly 23 79 21
31 36 18 61 25 50 25 83 2l
Nov

7 W7 2 78 33 57 28 89 3
14 57 32 9 45 66 32 a5 39
21 67 39 109 53 75 37 99 L
28 78 Wy 123 . 60 83 41 103 L9
Dec .

5 89 50 137 70 93 Ly 109 58
12 100 55 153 (£ 103 47 114 62
19 114 . 67 166 87 113 52 121 68
26 120 72 175 93 122 55 12l 73
Jan ’

2 126 75 182 101 128 56 127 77

3 138 83 192 108 138 59 132 88
16 148 91 200 116 1L, 64 138 98
23 157 96 205 122 150 68 143 109
30 163 98 208 126 . 156 70 148 118
Feb

6 169 100 209 129 161 72 151 126
13 175 101 211 131 164 73 156 134,
20 178 102 213 132 166 75 159 142
27 183 104 215 134 169 76 162 150
Mar

6 187 105 219 136 171 78 165 156
13 190 107 222 138 174 79 167 160

20 194 110 226 141 176 81 169 168
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Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-

o ton church cargill
27 197 113 228 143 177 83 171 172
Apr -

3 202 116 230 146 178 8 175 175
10 206 13T 232 149 179 85 175 178
i 174 210 TAT 230 150 181 85 176 180
2l 215 118 236 151 183 85 178 182
May

1 220 119 237 152 184 85 180 183

8 228 121 238 153 186 85 182 184
15 234 122 240 154 186 85 182 186
22 238 123 242 155 186 85 182 188
29 242 123 24, 156 186 85 182 188
.Jun

5 246 123 245 156 186 85 182 188
12 249 123 245 156 186 85 182 188
19 250 123 245 156 186 885 182 188
26 250 123 245 _ 156 186 85 182 188

This data was extracted by taking unweighted averages of weekly arrivals

for the seasons 1967/68, 1968/69, 1969/70.1

1. Primary data was obtained from the New Zealand Wool Brokers' Association
Schedule of Weekly Receipts Into Store 1967-68 - 1968-69 - 1969-70 Seasons.
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ROSTERS

179.

The rosters contained in Appendix C1 are adjusted rosters for Lhe

three sets of data obtained under the NETT
single/ﬁouble decision process.,
ulated by the Wool Auction Sales Committee for the 1971/72 season.

Abbreviations used for centre identification are:

In Appendix C2 an example of a programme roster is given.

is for the NEIT :

put form.

AK

CH

™

DN

I

Auckland
Wanganui
Napier
Wellington
Christchurch
Timaru
Dunedin

Invercargill

¢ 100 operating rule for the

The Committee roster was the roster form-

The roster

100 "Corrected Average" run and is printed in computer out-
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APPENDIX C1 ADJUSTED ROSTERS FOR THE 1971/72 SEASON
Wool Sale Roster 1971/72
Daike (In thousand bales
"Unweighted Average"|Weighted Averagd'|Corrected Average' Committee
Centre Sale Size | Centre Sale Size|Centre Sale Size |Centre Sale Size

Sep

Wed 15th | DN L DN L2 DN L5

Wed 25th DN 40

Oct

Wed 6th CH 23 CH 22 CH 23 CH 22
Fri 15th TM 20
Wed 20th | DN 28 DN 28 DN 28 IN 20
Fri 22nd | NP 23 NP 25 NP 25 NP 25
Wed 27th AK 20
Thu 28th | TM 21 ™ 21 TH @ 22

Nov

Wed 3rd AK 2l AK 2 AKX 25 W 22
Fri 5th CH 20 IN 21 CH 21 CH 22
lon 8th W& 22
Wed 10th IN 23 CH 24 IN 2L .
Fri 12th| WN 24 WN 21 WN 23 DN 25
Wed 17th | WG 20 WG 21 IN 20
Fri 19th DN 20

Mon 22nd NP L2
Wed 24th| DN 22 WG 27

Fri 26th DN 21

Mon 29th| NP 50 NP 50 NP 50 AKX 45

Dec .
Fri 3rd CH 28 IN 21 CH 28 CH 2L
Mon 6th AK 48 AKX 50

Wed 8th AKX I TM 24
Fri 10th | IN 25 In 27 WG 26
Mon 13th DN 25
Wed 15th| WG 28 ™ 20 WG 28 Wi 28
Fri 17th| TM 22 - IM 2L N 23
Mon 20th CH 50 NP 28
Wed 22nd | WN 50 WN 50




Jan

Mon 10th
Fri 14th
Mon 17th
Wed 19th
Fri 21st
Mon 24th
Wed 26th
Feb

Wed 2nd
Mon 7th
Wed 9th
Fri 11th
Mon 14th
Wed 16th
Fri 18th
Mon 21st
Fri 25th
Mar

Wed 1st
Fri 3rd
Wed 8th
Wed 15th
Mon 29th
Fri 24th
Tue 28th
Wed 29th
Thu 30th
Apr
Wed 5th
Mon 10th
Wed 12th
Fri 14th
Mon 17th
Wed 19th
Wed 26th
Fri 28th

May
Mon 1st

£

DN
WG

2

™

DN

CH

WG

DN

2 2

50
26
27
50

50

50
45

20

20

50
2l

23

20
L5

20

20

49

20

20

DN

& g

T™

CH

DN

5 3

CH
WG

™

DN

50
26

50

50

50

20

47

50
20

28

L7
48

20
20

20_

50

25

20

s 29

CH

DN

™

23 H 3

DN

=R

™

50
28
28
50

50

50
45

2
23
28
50
28

28

20

20

28

50

50

20

181

WG
CH

DN

T™

2 3

J{e3

5 HE R

52 7 8

T™
WG

28
26

28

26

48

L6

26

45

26
28

26
L8

PFER

26
26

22
20

12
15

25
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Wed 3rd AK 20

Wed 10th NP 23

Wed 17th | DN 20 AK 2l AK 28

Fri 19th CH 20 IN 21 CH 2l

Mon 22nd NP 25

Wed 24th | WN 27 : DN 20 Dw 23 DN 20

Fri 26th | CH 20 WN 20 AK 25

Mon 29th IN 20

Wed 31st | AK 20 W 20 “CH 20 WG 12
WN 15

Jun

Fri 2nd IN 20

Wed 7th | WG 20 WG 20 WG N

Fri 9th | IN 20

Wed 14th | NP 20 NP 20

Fri 16th IN 20 NP 26

Tue 20th AK 28

Wed 21st% AK 21 NP 20

Tue 27th| AK 20 AKX 28

Totals 71 1,356 1,327 481 1,451 541 1,451

1. Total number of sales rostered.
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APPENDIX C2 EXAMPLE PROGRAMME ROSTER

The roster presented in this appendix is the programme (unad justed)
roster for "Corrected Average" data using the NETT : 100 rule for the single/
double decision process,

Output variables in the roster are defined below (refer to Appendix A1):

MAN equivalent to MUN(I) (no units)

NB,NST correspond to NB(J) an@ NST(J) respectively (in thousand bales)

SALE  the sale size rostered (in thousand bales)

NDC corresponds to NCLOSE - the closing to sale date period (in days)

PER corresponds to NWAIT - the period that must elapse before a double
sale may be rostered (in days)

NETT as in Appendix A1 (in thousand bale-days)

In the roster summary, storage (pre-aale) and bales held over have
units of thousand bale-days. Evaluation (closing to sale date period)

parameters are in units of days.

Storage Removed = 100
Total Storage 1

Removed Percent (storage)

Bales Held Over 2 100
Total Storage 1

Percent of Total (bales held over)



WOO. SALE ROSTER

1971 1972 CORR AVGE

I MAN DATE AUCKLAND WANGANU 1 NAP LER' WELLINGTON CHRISTCHURCH TIMARU DUNED IN INVERCARGILL

. NB NST SALE NB NST SALE N8 NST SALE NB NST SALE N8B NST SALE NB NST SALE NB NST SALE NB NST SALE NDC PER NETTI

=1 DAY 5 9 3 3 o0 2 2 0 4 & 0 3 3 0 12 12 o0 5 5 0 45 45 0 7 7 0

8 -1 SUN 12 9 3 3 0 e 2 0 5 5 0 3 3 0 16 16 0 7 7T 0 53 53 0 8 8 0 0 0 0

1 MON 13 9 3 3 o0 2 2 0 5 5 0 3 3 0 16 16 0 7 7T 0 53 53 45 8 8 0 8 0 J3059'
15 =1 SUN 19 9 4 4 0 2 2 0 &6 6 0 3 3 0O 19 19 0 10 10 o0 81 16 o© 92 9 o0 0 0 0
22 =1 SUN 26 9 6 &6 0 2 2 0 9 9 o 4 & 0 23 23 O 11 11 o0 &7 22 o 11 11 0 0 0 0
29 <1 SUN 3 10 ? 9 o 3 3 0 16 16 0 5 5 0 24 24 O 15 15 0 71 26 0 12 12 0 0 0 0
30 1 MON 4 L0 9 9 o 3 3 o0 16 16 0 S5 5 0 24 24 15 15 0 71 26 0 12 12 0 8 28 =665
3 -1 SUN 1010 13 13 o 5 5 0 25 25 0 9 9% 0 28 5 0 20 20 o0 75 30 0 16 16 0 0 0 o
43 -1 ‘“ A7 10 17 71 0 8 8 0 35 138 o 15 15 o 34 11 0 22 22 0 78 33 o 19 1% 0 0 0 0
4 1 MON 18 10 7T 17T 00 8 8 0 35 35 0 15 15 0 34 11 ©0 22 22 O T8 33 28 19 19 O 8 21 =510
46 0 WED 20 10 1T 17 o e 8 o0 35 35 25 15 15 0 34 11 0 22 22 o0 78 5 o 19 19 o0 10 12 30
S0 ~1 SUN 24 10 25 25 0 12 12 0 S0 25 0 18 18 0 44 21 0 23 23 o0 82 ? 0 21 21 ] ] 0 0
52 1 TUE 26 10 25 25 O 12 12 0 50 25 o 18 13 0 4 21 0 23 23 22 82 9 o 21 21 o 9 41 -1056
7T -1 SuN 31 10 33 33 0O 1T 17 0 6T 42 0 23 23 0 49 26 0O 27 5 0 86 13 0 24 24 0 0 o 0
58 1 MON 111 33 33 25 17T 17 0 67 42 0 23 23 0 49 26 O 27 5 0 86 13 0 24 24 0O 8 14 =129
60 0 MWED 3 11 33 8 0 1T 1T 0 &7 42 0 23 23 0 49 26 21 27 5 0 B& 13 0 24 24 0 10 19 -239
64 =1 SUN T 11 42 17 0 21 21 O 84 59 0 .30 30 O 56 12 0 29 7. 0 93 20 0 32 32 0 0 0 0
65 1 8 11 42 17 o 21 21 o© B84 59 0 30 30 O 56 12 0 29 7 0 93 20 0\ 32 32 24 8 14 =115
67T O MWED 10 11 42 17 © 21 21 o 84 59 0 30 30 23 56 12 0 29 T 0 93 20 0 32 8 0 10 12 24
Tl =1 SUN 14 11 51 26 0 30 30 0O 99 T4 0 43 20 0 64 20 O 33 11 0 97 24 0 41 17 0 0 0 0
T2 1 MON 15 11 51 26 O 30 30 21 99 T4 0 43 20 0 64 20 O 33 11 0 97 24 0 41 17 o0 8 14 =34
T4 0 MWED 17 11 51 26 o0 30 92 0 99 74 0 43 20 0 64 20 O 33 11 0 .97 24 20 41 17 0 10 26 =500
78 =1 SUN 21 11 63 38. 0 41 2 0 118 93 0 54 31 ‘0 76 32 0 39 1T O 102 9 0 46 22° 0 0 0 0
85 =1 SUN 28 11 75 50 0 46 25 0 135 110 0 61 38 0 B85 4l 0 44 22 0 107 14 0 51 27 0 0 0

iy
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TOTAL STORAGE
STORAGE REMOVED
NET S TORAGE
REMOVED PERCENT

BALES HELD OVER
PERCENT OF TOTAL

TOTAL ARRIVALS
TOTAL BALES SOLD
REMAINDER UNSOLD

SINGLE SALES
DOUBLE SALES
TOTAL SALES

EVALUATION DAYS
NUMBER OF SALES
AVGE LENGTH EVAL

MONDAY SALES

AUCKLAND

38490
31782

6708
82,57

2499
6,49

237
226
11

- Mo

&7

9.57

SUMMARY OF SALES
AND

PERFORMANCE PARAMETERS

WANGANU I NAPLER WELLINGTON CHRISTCHURCH

22510 52550 29425 37521
18679 37169 23690 30733

3831 15381 5735 6783
82,98 T0.73 80.50 8l1.90

GRAND TOT STORAGE = 271540,
GRAND TOT REMOVED = 215424,

GRAND TOT REMAIN = 56116.
OVERALL PERCZENT = 79.33
1157 9708 1649 2220
5.13 18,47 5.60 5,91
TOTAL HELD OVER = 22126,
PERCENT OF TOTAL = 39.42
124 263 158 190
120 253 148 175
4 15 10 15
G TOTAL ARRIVALS = 1451
GRAND TOTAL SOLD = 1364
G TOTAL REMAINING = 87
5 2 2 5
0 4 2 1
5 s & 6
TOTAL SINGLE = 31
TOTAL DOUBLE - 12
GRAND TOTAL SALES = 43
48 85 b4 T
5 5 4 6
9.50 14,16 11.00 11.83
TOTAL EVALUATION = 472
TOTAL SALES = %3
AVGE TOTAL EVALN = 10,97
4 4 2 1

TOTAL MON SALES = 27

TIMARY

17983
13749

4214
Tha56

282
1.56

73
17

wow

31

3
10.33

DUNEDIN

40322
35214

5108
87.33

1129
2.79

186
184

LT

49

B.l6

INVERCARGILL

32739
24388

8351
Thot9

3482
10.63

198
185
13

17
&
12,83
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