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C:i!'i.P:rER I 

INTRODUC'.rION 

1.1 New Zealand ~ool Production and Disposal 

New Zealand is the third largest producer, and second largest 

ex11orter, of wool in the world. Over the past thirty years New Zealand's 

wool production has more than doubled. Since 1967/08, 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 

adv~ntages of expanding beef production, rather than sheep production, in many 

p~rts of the country. 

1.'\fc)Ol provides an important source of export earnings for New Zealand. 

Wool exports in 1970, valued at $204 .5 million, constituted 19,1a of the total 

::Jew 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 Market ing 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 clip is sold at auction in New Zealand. 

The major proportion of 

1.1/hen 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 floor price .for their wool, through the operation 

of the floor price scheme administered by the New Zealand "/fool Commission. 

Provision also exists for the applicat ion of floor price protection to wool 

sold privately, provided certain condit ions are met. Growers can put their 

om1 res erv es on their wool offered at auction, and they can withdraw the wool 

from sale and. offer it later. Reasons for only a limited amount of New Zea-

la..YJ.d. wool being sold by auction in London include the delay in receipt of 

payment, and the gener al convenience of supplying local sales. Private 

selling has developed very strongly from the 1968/61 season. The proportions 

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

Table 1 .1 below. 

TABLE 1.1 THE MARKETJNG OF NEN ZEALAND WOOL 

Percentage of Total Production 
Method of Sale 

1967/68 1968/69 1969/10 · 1970/71 

New Zealand Auction 75 .1 4 71.04 68.69 66 . 07 

United Kingdom Auction 0.27 0 . 27 0.28 0 .22 

Private Sales 7.99 10.91 13.17 15. 31 

Others I 16.60 17. 78 17 . 86 17 .90 

Total 100.00 100.00 100.00 100.00 

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

also . 

S'Jurce: 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. Most of this decline is being taken up by 

increases in private selling. However, the auction of wool in New Zealand 

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

be available for appraisal prior to auction. This appraisal function of the 

auction mar~eting system could become redundant if one (or both) of the foll-

owing tech..n.ological changes occurred. These are: 

i. if manufacturing techniques for wool develop such that 

variability in the fibre characteristics of wool become 

of little disadvantage, or, 

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

homogenous lines becomes available (homogeneity of a degree 

suffic ient .to satisfy manufacturers). 

Either, or, both, the required changes above would favour the introduction of 

an industrial system of marketing for wool; a system whereby samples of wool, 

with specified prices, would be presented to manufacturers. Otherwise, 

2 sa;nples could be made available to buyers for evaluation, in lieu of the 

present method of appraisal. In this situation the auction sy.stem could 

retain its function as a pricini:; system but lose it s 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 recommendations 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 knmvn as yet. 

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

an acquisition scheme (as does the Dairy Boa~d). The Ca:poration 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. 



w0ol to buyers and merchants in New Zealand, and/or, directly to overseas 

merchants and manufacturers, and/or, through the auctipn system . 

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. 

1 .3 The Auction System in New Zealand 

1 . 3 . 1 The Auction Sale Procedure 

The~e are eight wool auction selling centres in New Zealand; four in 

t~e North Island (Auckland, Napier, Wanganui and Wel lington) 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 

at 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 wool s are sold ; also any 

early shorn wool avail able at the time; and any wool left over from the prev-

i ous season . 

Wool ~roducers sort their wooi into lines with some semblence of homo­

gemity and press it into 145 - 160 kilogram bales in the shearing shed . 

They may skirt, ana/or, clas s their wool in the shearing shed , or, arrange 

for a wool broker ·to do this. Wool brokers are f'irms that prepare, handle, 

and of'fer producers' wool fo; 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 f'orm part of' the roster but. are not considered in the roster 
problem . They do not eff'ect 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 auct i oned, is arranged by the producer . 

At this time any instructions fo r the broker regarding preparation of his 

wCJol are given . 

Producers usually smd 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 

differe11t wool types are shorn at di fferent times of the season, the quantit ­

ative compos i t i on of wool types being. offered at auct i on varies over the season. 

On arr i val at the wool brokers stor e, bal es may be separated fo r specific 

pre- sale operations, to be carried out by the broker , as instructed by the wool 

producer . Pre- sale optional oper a t ions carried ou t are important det erminants 

of labour and t ime r equirements of broker s . The most important of these 

optional operat ions are bi nni ng , r eclassing, ski rt ing and interlot ting . About 

·'+Wo of wool offered at auction sal es in New Zealand is binned or reclassed by 

brokers . This proportion varies between auction centres from around 2Wo in 

I 
Wanganui to about 5o% in Christchurch . '+-

Because the bulk of the National wool clip is shorn before Christmas, 

there is a rush of wool into broker s ' stores between the beginning of the main 

selling season i n October and the end of December. Brokers adopt a system of 

"first i nto store fir s t into sale". This i s necessar y because of the time 

requir ed to prepare wool for auction by broker s , and , b ecause of a quantit ative 

upper l imit on· t he wool t hat can be sold at i ndividual auction sales . 

Wool brokers and wool buyer s are parties to agreed regulations covering: 

i. 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 e~port, 

v . documentation, 

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

vii . the Press market reports of each sale . 

Daylight lighting is required for wool displayed for sale by auct ion. 

B~les are displayed in broker s ' 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 opened . Bales opened for inspection must be 

r ,3presentati ve of each lot, to the best of the broker's knowledge . 

The rules sett l ed between wool . buyers and wool brokers provide tha t 

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 

c~n mark their valuations for lots to be offered for sale. Hence buyers are 

ready on the sal e day to compete in their bidding for lots offered. Brokers 

also make valuations of wool before the sale and gener all y communicate their 

valuations to the producers . Producers may then instruct brokers to place 

a reserve price on their wool. 

V/ool 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 allocat ed at the beginning of the sea­

son by the Wool Brokers' Association on the basis of quantities of wool pur­

chas ed during the previous three seasons. 

After the sale, bales which 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 ~f~inspecting and valueing 

wool, bidding for it at auction, -arranging for payment for purchases, and the 



~espatch of wool purchased. The wool buyer is the major link between the 

auction for wool and the raw wool user. 

Woo l Commission activities at auction effect the auction system in 

t 'No ways . Firstly there is an effect on demand due to Commission bids 

ope:!'.'ated on the floor price scheme. . Secondly, the r ·e-o,ffering of any stocks 

of wool a ccumulated by the Co!D.mission effects supply . 

Insofar 

:not important . 

as the rost er problem is concerned Commission activities are 

The Commission may offer stocks at any auction where these 

offerings do not increase the sale sizes to unmanageable levels . 5 Rosters 

are made before the season commences so little consideration can be given to 

demand shifts over the season. 6 

1. 3.2 Effici ency of the Auction System 

Two criteria which may be used to establish the efficiency of any 

marketing system are : 

i. efficiency as a pricing system, 

ii. efficiency as a distribut i on sys t em . 

A marketing method which is efficient from a pricing point of view i s 

one in which consumers' wants are accurately transmit ted 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 
3tocks 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 prices, in that it supplies 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 vi'ool 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 ;11ajor wool marketing funct­

ion, 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 

i mprove 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 

constraints. Sale by sample, 7 dense baling, 8 containerisation, 9 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 

ease of handling. The bales of the unit may be held together by wire or 
steel straps. 



9. 

The proposal that the number of selling centres be reduced would require vast 

changes in the ro?ter format . 

Attempts to improve the efficiency of the auct i on 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 sal e ro ster is perhaps the most important component of the 

auction system . The roster effects every part y involved with th e auction 

system ; 

system . 

11 therefore it effects many important performance parameters of the 

Furthermore the roster is one of the mos t flexible components of the 

wool auct ion system . This flexi bility makes the roster amenable to alter at-

ions and adjustments aimed at improving the performance of the auct ion sales 

pro cedure as a marketing system . 

1.4.1 D!'awing Up the Ros ter 

The wool sale roster is drawn up by an official body named the Wool 

Auct ion Sales Committee. The composition of the Committ ee is: 

Three members nominated by the N.Z. Woolbuyers' Association 

Three members nominated by the N.Z . Woolbrokers' As sociation 

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 for 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 1969/70 sea-

son, originally drawn up by the Wool Auction Sales Committee in November 1968, 

was revised by the Committee in May 1969 in the 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 offered 

for sale, compared to new cl ip wool actually available for sale, the system 

for rostering has been altered . Future rosters will set firm quantities 

for the first half of the season only. Tentative quantities will be given 

for the remainder of the season, and will be reviewed in mid- season. 

The estimates of quantities of wool rostered f or sale, when the roster 

is drawn up, need to be reasonably clo se 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 for each 

sale, 

ii. buyer inconvenience is caused by inaccurate rostering. 

Generally the Wool Auction Sal es 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

i ty 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 1o% occurred. 
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in ensuring that there i s no undue delay in the early part of the season in 

scheduling sales where there is· wool awaiting sale. 

~ ,!~ .. 2 Restrict ions in Rostering 

F~ve basic restrictions must be considered when rostering wool sales . 

These restrictions are required in the ro s t er by buyers and brokers so as 

tney may fulfill their functions in the auction system without undue hardship. 

Lo ~18r sale size limits ar e required to give a full days auctioning. 

Unper 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 

coa~ence at 8 . 00 a .m. and finish at about 6.00 p.m. Wool auction sal es 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 sal es in 

a centr e . 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 l ast day that new wool arrivals will be included in the next sale. A 

mi nimum 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. 

1.4.3 The Performance of a Wool Sale Roster 

The performance of a roster is some measure of the degree to which the 

r 0s ter :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 o:f 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 for 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 

vrnich sold his vrool 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 e~tail 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. 

T·heir main costs are in travelling and accommodation . Time is required after 

sales to organise the disposal of purchases . 

The roster effects the activities o:f 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. 

CoiTu~ission must fit in with the roster. 

Secondly, stock offerings by the 

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. 

must be well organised to keep shipping and wool handling costs down. 

Shipping 

In attempting to fulfil these objectives, the Wool Auction Sales 

Committee devises ro sters which tend to have a monthly pattern of single 

sales . i.e. a single sale is held each .month in each centre. The pattern 

cQn..~ot be rigidly adhered to because of holidays and differences 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: 

i. the accuracy of the forecasts of quantities 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, 

v. 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 prices 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. 14 

1 .4- .4- Changes to the Roster 

Proposed changes to the auction system could produce significant 

cnanges 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 

sy~tem would often allow the minimum period between two sales to be reduced; 

l ess time may be required to set up and break down .sales . 

A study conducted by Peirse and Beggs (7) indicated tha t advantages 

would accrue in terms of wool handling and wool prices if smaller lot sizes 

were abolished from the auct i on system . The average lot size at auction is 

important in that the rate of selling wool (in bal es 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 

season in the following table . 

TABLE 1. 2 DISTRIBUTION OF LOT SIZES SOLD AT AUCTIO~ - (1 964-/65 SEASON) 

Lot Size Number of Percentage Number Percentage of 
Lots of Total Lots of Bales Total Bales 

1 - 6 64-, 360 4-8.8 287 ,74-7 21 .8 

7 - 10 31,618 23.9 260,368 19.9 

11 - 15 16,166 12.3 204-, 714- 15.8 

16 - 20 7,313 5.5 129,705 9.8 

21 - 25 4-, 94-9 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. 

1l~. For further discussion on this point see Section 2.1.4. 
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<'\.ssuming 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;1o of the wool offered at auction by the 1 - 6 lot size class . At the 

other extreme only 5.8% of' the selling time was required to sell 24% of' the 

bales . Abolishing smaller lots would probably increase the average lot size. 

This would mean that more wool could be sold ina days auctioning . The 

r esult on the roster would be to increase the sale size limit restrictions. 

At present there are eight selling centres in the roster . It has 

been argued that this nUDber could be decreased, to economic advantage, by 

removing some of the small er centres. Such a proposal has important implicat­

ions for parties effected 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 s cale . Wool buyers would 

ha7e l ess centres to attend sales in. Shipping could probably be organised 

more easily . However, as the 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 

of the auction system with less centres is required before such a proposal is 

im:;;ilemented . 

To facilitate the organisat ion of shipping an ~ven monthly di sposal 

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 • . 

1.5 The Rostering Problem 

Devising feasible wool sale rosters is time consuming, due to the 

r estrictions that must be observed. Furthermore, rosters may be feasible 

but not acceptable. An acceptable roster must satisfactorily fulfil the 

goals of parties effected by it. It is difficult to devise acceptable roster.s 

due to the problem of conflicting goals (see Section 1.4.3). 



goals . 

16. 

Different feasible rosters varif in their performance for different 

It would be desirable to devise a gren.t range of feasible rosters 

from which o:ae can be chosen by the Wool Auction Sales Com1.ni ttee. At 

pcesent, rosters are devised by a Sub-Gommittee of six members . The time 

required to draw up feasib le rosters limits the range that can be pro1uced . 

Cnri.sequently only a limited range of rosters can be studied and modified to 

find one which is satisfactory . Because of this limited range much time 

may 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 acceptable with little 

modification. 

Due to the time required to draw up feasible roster3, and additional 

time that would be needed to measure performance parameters of the roster, no 

measures of performance parameters are made. In accepting a rostec the Wool 

Auction Sales Committee must appraise the perforraance of the rostec; but this 

appraisal i s not in quantitative measures of perforraance parameters . However , 

quantitat ive mea:mres would improve the appraisal function . 

E\lrthermore, the present system of devising and ev-aluati.ng rosters 

makes it ve~y difficult, and, time consumine, to evaluate the performance of 

the roster sub- system for new roster formats; f orraats which would result 

from the introduction of proposed changes to the auction system. 

1 .6 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 para.meters of each 

roster quantitatively. The advantages of producing a wide range of feasible 

rosters each with a measured set 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 ro:3ter sub- system had to be devis ed . Formulation of a representative 

mathematical model of the roster sub- system requires that all components of 

the syster.1 be included in the model. Variation of the action of the system.ls 

components, or the relationships between components, makes experimentation 

with the model po s sible . Consequently, in fulfilling the main aim of the 

study, a means is provided by which the performance of the roster sub- sys t em 

c~n be studied for proposed changes to the auction sys t em . 

1.7 Thesis Guide 

In Chapter II a full description of the r ostering problem is given in the 

b~·oad categories of wool .arrivals, cons t r aints and performance paL'ameters. 

Within these categories assumptions and r efinements are made to establish 

component s and rela tionships of the r oster system . A description of operat­

i ons research is given with special emphasis on the problem of conflicting 

goals . Following this a mathematical model of the rdster sub- system is 

devis ed, and techniques of' analysing the roster problem, by means of the 

1:1at hemat ical model, follow . 

G~apter III presents the computer simulation model and its validat ion . 

The estimation and computer input of wool a r rivals is described initially . 

This is f'ollowed by the specif'ication s for rostering restrictions, and their 

i~clusion in the programme. Performance parameters measured by the model, 

and decision making processes of the model, are described next. Finally, a 

r ange 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 

Coounittee 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 . 

~i r.s tly, 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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CiiAPl'ER II 

TiiE WOOL SALE ROSTER PROBLEM AND APP:lOACHES TO ITS SOLUTION 

2 .1 The Rostering Probl em 

2 .1.1 Outline 

The problem to be solved is that of rostering wool sales for the ei ght 

s elling centres throughout the auction season. Consideration must be given 

to constraints on the timing and si :rn s of sales . Interaction of these con-

st r aint s vrith wool arrivals deter nines the formul ation of rosters. For each 

differ ent r oster that can be formu1ated within these corwtraints, for the same 

e,3timates of wool arrivals , there is likely to be a different relative perform-

1 ance, as measured by the goal s in rostering. Hence there are three areas to 

look at in the wool rostering problem . '.i:hese ar e : 

i. estimation of wool A.Trivals ov er the season in each centre, 

ii. constraints on the t:iJ:ning and. sizes of sales , 

iii. the pe.rforraauce of a roster. 

A fourth problem concerns the effect of changes in the parameters of the 

wool marketing system on the rost er. Some relevant changes were dis cussed in 

Section 1 .L~ .4. This problem area is studied further in Chapter IV. 

2.1.2 Wool Arrivals for Auction 

Wool i s supplied by producers on a sea$onal basis. Throughout the sea-

son both the quantity and type of wool arrivals, per 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 centres ( see Section 2 . 1 .3 ). The period over which wool arrives in 

the different centres varies , with Auckl and usually having the longest season 

and Timaru the shortest . The rostered period continues some short time after 

the l ast wool arrivals for the season reach brokers . 

Esti.11ates of wool arrivals for auction in the eight centres ar e made 

separately by the wool brokers, the wool buyers and the Meat and Wool Boards ' 

Economic Service . The first two groups do this through their members. 

Brokers, in the separate geographiqal areas , build up c9:n estimated total for 

one centre for the period of the main woo l 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 t he 

weight of wool that will be shorn by growers who patronise the auction sales at 

the different centres. Informat i on 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 Ros ter Sub-C ommittee 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 clip 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 production fluctuations 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 accur at ely 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 

e:,tirnate several rosters, sub j ect to t he same constraints, but using different 

estimates of wool arrivals . The sensitivity of the roster to varying estimates 

of wool arrivals could then be studied to aid decisions on the final form of the 

roGter . Estimation of arrivals i s fur ther 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 arr ival s is not entirel y i ndependent of the roster 

itself . Wool arri vals between sales t end to arrive at an accelerating rat e 

up until a short time before a sale . The r esult of this i s a tendency f or 

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-

a ced, i s one whereby the roster prescribes a selling pattern approximating 

continuous selling . Otherwise , incentive measures outside the roster would 

be req~ired to decr ease the i ncidence of these peak handling periods . Restr ict-

ions in the system are such as t o malce allowance for peak handling periods 

resulting from the patt er n of wool arrival s between sales . The speci fi c restrict-

ions concerned are t he between sale within centr e time constr a ints ( see follow­

i ng s ection ). 

2.1.3 Rostering Constra i nt s 

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

a r e: 

i . upper and lower constra ints on the sizes of sales, 

ii. the minimum period bet ween sales within a centre, 

iii. the minimum period between sales in different centres, 

i v. the minimum period between_ closing and .saJ.e dates, 

v. 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 . Henc e 

the constraints ar e set such that a full day ' s (or two days in the case of 

double sales ) auctioning r esults. 2 The ma j or variable controlling these 

limits is the average lot size of wool offerings a t sales . Changes in the 

aver age lot size, methods of achieving such changes, and the consequent effect 

on sale size limit s and the roster, are discu.ssed further in Chapter IV. 

The minimum period between sales within a centre i s determined by the 

nature of the previous sal e (whether single or double), and the nature of the 

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

of this restriction3 for each centr e . 

i. single 

Thes e are for sale sequences of: 

single 

ii. s ingle double 

iii. double single 

iv. double double 

Comparative between · sale within centre restrictive values for different centres 

varJ , 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 r .estrictions. For sale sizes 

2. For greater detail refer to Section 3.3.1. 
3. For greater detail refer to section 3.3.2. 



23. 

•vithin 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 available to develop an appropriate relationship. 

The hypothesis that such a relationship exists is supported by the fact that 

past rosters have violated these constraints. 

·rhe 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 l a rger 

than its counterpart above , as b.uyers 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 buyers is one day . This allows communication between buyers in different 

Islands, head office processing of orders etc.4 

A minimum period between the closine and sale dates of a sale is requested 

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 gener ally channell ed into storage until after the sale ; they can, 

however, be put into the sale at the brokers discretion provided sale size 

constr aints are not violated. Secondly, it allows the broker to get out a 

catalogue of wool to be offered ~arlier, (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 

4. For greater detail refer to Section 3.3.4. 
5. For 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 evaluat e wool offered for sale . With present methods of wool displ ay , 

the brokers requirement, in this context, is much greater than the wo ol buyers 

r equirement ; the respective requirements being minimums of about five days, 

and one to t wo days . 

Simple restrictions on infeasible sale days exist . Infeasible sale days 

comprise : 

i. weekends , 

ii . public holidays, 

iii. local 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 sal es have 

one 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 sal e . Failure to include this constraint could result in the pro-

gi.·arnrne rost ering double sales with the two auction days separated by a weekend or , 

possible , the Christmas break . SJch 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 d ouble 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. 

6 'Monday' sales in some centres are considered somewhat undesirable by 

wool buyers, as they necessitate buyers spending part or whole of the weekend 

avray 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 I sland buyers in Christchur ch. In Section 4 . 6 the sensitivity of the 

model to prohibiting ' Monday ' sales in centres other than Wellington and .Christ-

church is investigated . 

sales is carried out . 

Also, further investigation prohibiting all ' Monday' 

This section has given a descriptive coverage of the ma jor constraints 

of the system . Other restrictions are more important to the model than in giv­

i~g a general description of the system . All restrictions on the system are 

considered in greater depth in Chapt er III wher e the model is developed . 

2 . 1 .4 Performance of the Roster 

The performance or "worth" of a roster i s 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 dir ectly effected by the roster, there 

are thr ee dis t inct group s ; the. woo l growers , the wool buyer s , and the wool 

brokers . V/o ol buyer s , here, r efers to those agent s or merchant s in New Zealand, 

assuming that their action reflects the desires of their principals . Between 

the s e three groups are a number of conflicting goals . For example , the obvious 

conflict between growers and buyers r egarding t heir preferences for the level of 

wool pr ices . The problem of conflicting goals i s discussed in greater depth 

l ater 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 average price paid for his 

wool clip in the l ong 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. minll'lizing peak handling periods, 

The Buyer:-

ii . minimizing pre- sale wool storage, 

iii. minimizing double handling of wool . 

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 

shi p _purchases . 

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

ii. minimiz Lng delay iri receipt of overseas earnings . 

Throughout this section instances arise where the goal under consideration 

is better incluied as a r estriction in a model . 

and constr aints is a feature of model builiing . 

The interchangeability of goals 

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 physical 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 

as the roster is concerned three questions must be answered affirmatively before 

consideration of wool prices should effect the roster. These questions are: 



i. Does the roster effect wool prices at auction? 

ii. 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 roster on wool prices be 

quantified? 

27. 

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 

d emand, 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 to 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 . 

with the aim of assessing : 

Peir se and Taylor (8) conducted a study 

"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 . 11 7 

Peirse and Taylor observe on price - supply relationships studied: 

"(a) 

(b) 

the relatively low and inconsistent value of the percentage 
of the total price variat:i,.on explicable by con,sidering alone 
the different quantities of each wool sold at each sale 
throughout the season • • • 
the inconsistant effect on each group of additional quantities 
of wool on priceA only second shear wool was consistent in a 
rational way ••• "O 

· 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. 
8. 
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2.v11rage prices received at auction for the year I s study. It appears that factors 

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 quantifying 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 

hig:i 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 aver age 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: 

i. Pre-sale storage (in the brokers store) , 

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

from a present sale and must await a later sale). 

The storage argument rests on the fact that pre-sale storage of wool by brokers 

is associated 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. · 

~Ainimization of pre-sale storage will minimize this opportunity cost. Secondly, 

storage is tied up with brokers costs, ~ue to lone 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~ 

7/hen the bales available for auction in a centre outnumber the sale size rostered, 

somg 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 9Jl 
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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 

tne equali ty 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 

i:1 wool stores . Processing costs are a direct function of the producer's 

p,)J_ic ies and need not be included in the ro ster 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 . Poss ibly, changes to the roster and 

shi pping organisation could be made ·to improve wool flow· (i.e. decrease handling 

peaks) . Move s 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. 

However, 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. 

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 c·ost/day). 

The type of 

These costs, when compared to the value of product sold, the variability in the 

value of this product, and the interest ~arning potential of this product, are con­

sidered to be i nsignificant. 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) . 

4. 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 sett~ng 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 involving 

double handling is largely a function of bales held over. 
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Nanimizing double handling of wool has cost advantages to the wool 

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 mus t be taken out 

of storage and processed in preparation for the next sale . 

double handling costs are associated with these bales . 

Consequently, 

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 

pe~formance 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 associat ed with this mean 

value would be mainly attri.butable 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 r estrictions. 

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, p·roviding 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 exclude the producers goal of maximising 
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avera6e long term wool prices, · from the rostering problem . 

The buyer's two goals of maxirnising the ease with which he can attend 

s:1les, and, with which he can ev,;1,luate wool offered for sale, are interrelated 

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 oE' a minimum closing date to sale date 

period, and so is never a problera in rosterin.g single sales , although, the re-

q_aest forces double sales to be separated by a day . Secondly, there is the 

undesir able aspect of ' Monday ' (or first business day of week ) sales in some 

centres. These goals giv e rise to one performance parameter, other goals 

being covered by r estrictions . That is: 

5. The number of 'Monday ' sales in the roster where 

such sales are not held in a base centre. 

' ivlonJ.ay ' 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. 

'.lhis allows them to arrange the disposal of purchases from the first sal e , 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 v1hich 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 different 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 

mor.e 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 

re -pect, with the goals of producers and brokers pertaining to minimization of 

peak handling periods . However, as argued earlier re gardi ng post sale peaks , 

it is the orga.~isation of shipping around the roster and not the organisation 

of the roster around shipping which determine s post sale handling peaks . Con­

sequently the goal is not directl y relative to the rostering problem . 

In considering the effect of the roster on goals of the nation, only 

those goals directly related to earni~gs of overseas exchange by wool are listed. 

J½viJusly the well being of producers, brokers, buyers and indeed all parties 

involved in the wool industry are of some importance to the natio~ as a whole. 

Tfovrever , an evaluation of national and international socio- economics, as effected 

by the wool sal e roster, i s outside the l imit s of this study . 

The first goal of maximizing long term overseas earnings fro~ wool, 

insofar as this goal is effected by the roster, can b e 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 re ceipt of payments 

for wool warrants consider ation . 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: 

Average price paid per bale of wool 

( greasy) at auction in New Zealand9 

Average price paid for the three seasons 

1968/6<z. 

$95.98 

= $89.39 

9. Source: New Zealand Wool Commission (6), p.9. 

1969/70 

$88.11 

1970/71 

$84.08 



1,000 bale-days storage 

This r epresents 2.74 x 89 .39 

At 7% interest 

= 

= 

= 

2.74 bale-years storage 

$244 .93 per year in storage 

$17.14 per 1,000 bale-day s 
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For every 1,000 bale-days of pre- sale wool storage approximately $1 7.14 

is foregone in int erest. Total pre- sale wool storage i s of the order of 50 to 

60 million bale- days . It is estimated that a 1% decrease in the total storage 

of wool sold at auc tion could yield over $30 ,000 in int erest (as suming a 7% 
interest r ate) 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. 

2 . 1 .5 Summary 

In summarising it appears that the nature of the restrictions for the 

rostering mode l are such that the model must include a day to day time sequence. 

A shorter time sequence woul d complicate the model without contributing anything 

i n the way of accuracy or significance. A longer time sequence would approx-

imate r esults 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 

vrould 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, 

4. the number of sales rostered, 

5. the number of I Monday' sale.s. 

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 in~stimatability, 
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or, their insignificance. Others were excluded as actual performance param-

eters but we:ro included as restrictions. Performance parameters included as 

res~rictions 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:i.'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 

s~ggested that wool arrival estimates be varied parametrically to study the 

stability of the roster to changes in estimates . Furthermore, it is assumed 

tbat 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. 

2.2 Oper ations Research A Brief Description 

Oper ations research, or management science,emerged in the period after 

-:ioTld War II; it incorporates scientific methodology with an understanding of 

mana,geria l 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 

thase components in the most efficient manner. The method of operations research 

involves making a mathematical model of the system under study. This model can 

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. 

research techniques are in: 

The problems encountered in using operations 

i. the formulation of a representative mathematical model of the 

syst em 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 

reaJism is immediately lost. Oper ations research models are usually very 

complex if r ealistic . This complexity may leave the model insolvable for 

e:,:treme values of performance parameters . Simplificat ion of the model may 

en'.=ure solvability of the model. But, the soluti on obtained may not be the 

be;:3t real world solution, as realism of the model decreases with increased 

s:inplification. The operations research team have three possible approaches 

to the problem, if it is such that no solvable and perfectly realistic model 

C8...D be made of the system under study . They may: 

i. Simplify the model which can then be . solv ed 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 i s no guarantee that optimisation 

wil l occur (unless all possible situati ons are looked at) 

but a.r.eas 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 .) 

Whether to use methods i. or iii. above depends on the problem at hand. 

Both give approximat e 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, 

rathe~. than find the optim.al solution for a non-realistic model of the system . 

F0r. some 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 of the problem is realistic, then the 

problem is a fairly simple one . An example of this is the f eed mix problem in 
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w?ri.ch a realistic optimum can offen be obtained by f ormulation of the pr oblem 

as a linear program.~e . 

In the final analysis there are three broad alternatives i n selecting 

a method of analysis for any operations research problem . These are to : 

i . Select an optimising analytical technique where the assumption s 

of the model used are not such that realism is lost . 

ii . Select an optimising analytical technique with some l oss of 

model realism, accepting that application of the optimal 

solution to the problem will be approximate in terms of 

t~e real world problem . 

iii . Select a non- optimising analytical technique which retains 

realism, and experiment with the model to obtain realistic 

and quantifiabl e measures ( in ter ms of the problem ) of 

responses of the model to var i ous manipulations . 

2 . 2 . 1 Conflicting Goals 

The problem of conflicting goals occurs in most managerial decision 

problems . The goals of an indi vidual may conflict ; the goals of parties with 

dissimilar interests conflict . I n the r os t er problem seri ous confli cts b etween 

goals of parties involved in deciding on the format of the r os ter occur. 

parties are : 

i. t he Wool Boar d (repres enting the growers), 

ii. the wool broker s ' repres ent atives , 

iii. t he wool buyer s ' repres entatives , 

iv. t he Wool Commi ssion. 

These 

Table 2.1 below indicates the rela tionships between the goals summarised 

in Section 2.1.5, in terms of uh8ther they conflict with, or complement, one 

another. 
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Pre- Sa.le Bales Held 

P1-U/C,iE'.;:'Ei1. Sto1 ... age Over 

(Min) (Min) 

Pre- S:1J.e 
Sto:car~ . + 

(i,l.in 

Bales Hel d 
Ove:c . 
(:1lin) 

Closing to 
Sale Date 
Period 

( Ua.x) 

Number of 
Se,les 
(J.Iin) 

J,iin = minimization 

;,;3.X = raaximizP.t i on 

+ indicates complementary goals 

indicates conflicting goal s 

Closi~e to 
Sale Date 

Period 
(Max) 

-

-

. 
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Humber ' Monday ' 
of Sales Sales 

(Mi n) (Min) 

- -

- -

0 + 

. + 

o indicates little or no relationship between the goals 

With reference to Table 2 .1 above, it is important to note that the 

relat,ionships indicated between goals are felt to be indicative of the general. 

Exceptional i nstances 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, t he 

indication that some measure of achievement of these goals is to be minimized 

or maximized is not always intended. The word:, "decrease" and "increase " could 

be substituted for minimization and maximization respectively, where the decreases 

and increases envisaged a re within realistic limits. 

Vfuen 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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t!:.e most favourable compromise . The problem is to find the solution which 

gives the most favourable compromise. 

To find the best solution to a problem by analytical means, an ob ject­

ive function must be formulated . An objective function is a mathematical 

function which measures in some way the performance of the system as a whole. 

This requires that the ob j ective function include all the important goals rele­

vant to the problem . Often these goals must be weighted in some fashion so as 

the more important of them dominate . If the ob j ective function, and the con-

straints on the problem, are such that an analytical solution can be derived 

w~ich optimises the objective function, then this analyt ical technique is 

probably the best method of appro/3.ch to t he problem. If it is impossible to 

solve the problem for an optimal solution, or if the goal s comprising the 

objective flunction are such that no meaning~il weights can be attacned to them, 

then experimentation via simulation procedures can be. employed . 

Vfnen an adequate objective function can be formulated, yet the problem 

is not amenable to optimising analytical techni~ues, then simulation can be used 

to give solutions with single value performance outcomes . This technique requires 

that perforraance paro..IDeters (if there are more than one) be of the same dimension . 

Otherwise, simulation may be used to produce feasible solutions for which the 

perfo~mance of the so lution with regard to individual goals is measured. These 

feasible sol ut ions 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 them. 

lJnJ.ess 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 

t ~ken by management. Generally, the greater this weight, the less the course of 
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action decided on coincide3 with the optimal model solution . 

In presenting management with a number of solutions, obtained by 

experimenting with the model, the operations analyst is in effect simpl ifyi ng 

the management task of decision making following subjective appraisal of' the 

a~1.alytical soL1tions . If enough so l utions are presented to management they 

wil~ find one that they like best . Including a wide range of measured per-

for:nance parameters in each s-o l ution eases the burden on management. Much of 

the work involved in evalua t ion of' decisions may be done by having the model 

measure these parameters . Further ev~luation and sub j ect ive appraisal by 

management, is simplifi ed as the measur ed par ameters may be used to base such 

appraisal on . 

To provide a nUillber of alternative model solutions the operations 

a!1.alyst must have a means of varyin~ the decis i on processes of the model. 

If the problem can be solved for an analytical optimum then variati on can be 

introduced by having the model base its de cis i ons according t o varying goals ; 

i . e. have the model optimise for different goals in different runs . Further 

sci2. ,.1tions can be effected by hav,ing the model base its decisions on more than 

one goal . Ho·uever, expansion of the model is generall y in an e:x:-ponent i a l 

far,hioc1 with the number of goals considered . I ncreasing complexi t y of the 

model ultimatel y limits t h e number of goals that can be cont r ol ling t he model s 

decis i on processes . I n non-opti mi s ing simulation proc edures , the decis ion 

processes of t he model can be var i ed i n a s imilar f ashion. The decis ion pro­

cesses may b e based on many, one,or no goals (a random choice may be made) . 

In conclusion the op erations analys t mus t weigh up the advantages of 

having as many goals as possible cont rolling the decision processes of the 

model, agains t the di sadvantages of los s of r ·ealism where inclus ion of more 

goals, and, r estrict i ons, adds such complexity that the model mus t be simplified. 

1.'fhen this decis ion 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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2.3 A Mathematical Representation of the Problem 

Befo,:-e discussing methods of analysis of the roster problem note should 

be T'lade 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-

euatical type, and can be solved analyt i cally by the same technique . 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 si;l.Ille objective funct i on by different techniques . 

The problem then is where does the analyst start in solving a problem? Should 

he select a technique and formul ate the problem mathematically to fit the tech­

nique, 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 . 

I deally the problem should be mathematically formulated , as realistically as 

~o3sible, and a technique found to solve it . Choosing a technique, and forra-

ulating the problem so that it is amenable to so l ution by that t echnique , 

frequently leads to loss of realism of the model , as the mathematical model 

is restr icted by the assumpti ons of the techniqu e used . (Loss of r eal ism, 

and the consequences of the l oss, is dis cuss ed i n Sect ion 2.2) 

2.3.1 The Mathematical Model 

The mat hematical mod el developed below includes the performance 

parameter s : 

i. pre- sale s torage of wool, 

ii . bal es held over , 

iii. t he mean closing date to sale date period, 

iv. t he number of sales, 

and t he res trictions that: 
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i. wool available fo:- sale mu;3t be in sto.ce by or before 

the minimum __ clo s in~ date to sale da-:;e pedorl allowed, 

ii. the between sale 1v'lthi'l centre restrictions be observed, 

iii. tne sale size restrict ions be observed, 

iv . the between sale between centre restrictions be obser.ved, 

v . sales a:re 0::1.ly rostered for realistically available days 

of the rostered period . 

To facilitate undeestanding of the matheraatical model graphical 

illnstration is used where ap;,ropriate . 

to o:ie centre 0::1.ly . 

This graphical illustration relates 
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Figure 2 .1 above inclu:ies a "cumulative wool arrivals" curve. 
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This curve 

indicates the nature of wool arrivals over the season for a hypothetical centre; 

most centres sho1v a pattern similar to this for wool arrivals over the season. 

Initially the r ate of arrivals is slow (not shown in Figure 2 .1) , then the rate 

i~c~eases to become greatest around the November to February period . The 

flattening of the curve towards the end of the season indicates a tailing off 

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

PE~OR11l.AI1T CE PARAMETERS 

i .. Storage (bale-days) 

MIN . 

8 n 8 s. 
[ [ (B ..• (n-i)) - \ \J 

1 ,J L L (ssk .• (n-SDk .)) 
'J . ·, J 

j=1 i=1 j=1 k=1 

i = day of roster (i=1, •••• n) 

B .. = number of bales that arrive in centre j on day i 
J.,J 

The first statement above measures the sum of the areas under the cumulative 

arrivals curves for all centres. These areas measure ~otal wool storage if 

no sales were held . The second statement decreases this total sto~age measure, 

by the reduction in storage resulti~g from holding sales. 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 indic~ted in Fugure 2 .1 by the sums of the vertical 

and diagona l cross hatched areas (for one centre) . 

ii. Bales He l d Over - (bale- days) 

8 s. 
MIN . I I J (BHOk .• DHOk . ) 

- 'J 'J 
j=1 k=1 

Diagonal cross hatched areas in Figure 2 .1 indicate the weighted measures of 

this perfor~ance 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 

ne):t 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 s iz e limit specifies . Thirdly, the time constraints between 

sales may cause bales to be held over . The time constraints may allow a single 

sale , but not a double sale, to be held in a centre . If there is more wool in 

that centre than the upper single sale size limit can accomodate, then the supplus 

wool will be held over until the next sale . 

iii. Closing to Sale Date Period - ( day s ) 

8 s. 8 

MAX . I IJ ( SDk . - CDk . ) 
'J 'J L s. 

J 
j=1 k=1 j=1 

Refer to Figure 2.1 

iv. Number of Sales -

8 

MIN. L S. 
J 

j=1 
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8 

or, MIN. I (zs. 
J 

+ ZD.) 
J 

j=1 

ZS. = number of s ingle sal es in centre j 
J 

ZD . = number of double sales in centre j 
J 

RESTRIC'rIONS 

i. Closing Date to Sale Date Period 

d 

SAS. -~ -1, ,) BIS. d . 1- c ,J I BSk . ,J 

i 

SAS .. 
1,J 

cd 

k=1 

= day of rostered period (i=1, •••• n) 

= sale size rostered on day i in centre j 

= minimum period (in days) between the closing 

10 
and sale date for a sale . 

EIS. d . = cUillc;.J.ati ve arrivals, in centre j, cd days before 
1- c ,J 

d 

t 
k =1 

BS, . 
.«:, J 

= 

= 

day i 

number of sales rostered previously in centre j 

~um of bales ro stered for sale in centre j in 

S.<J.le S 1 , .,, , d. 

This mathematical statement says that the size of a sale rost ered i n any 

centre, on any day , must be less than the cumulative wool arrivals in tha t centre 

a specified number of days prior t o the day being considered. The specified 

m.tnber of days is the value given to the minimum period from closing to sale 

dates for wool sales . Turthermore, the cumula tive arrival s value must be 

decreased by the number of bales which have previously been rostered for sale. 

Thi s assumes that no carry over of rostered wool ( as distinct f'rom new arrival s ) 

10 . The va lue for cd will equal the SDk .- CDk . value in sales where the closing 
date to sale date period restricti onJlimit~ the sale size rostered. Where 
the upper sale size limits restrict the sale size, then cd will be less 
than the SDk .- CDk . va lue; i . e . t he clos ing to sale date per~od can be 
greater. than'the mliiimum (cd) specified in the restriction. 
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occur3 . i . e . that wool rostered for sale is sold and can not be left for 

re- ent~y in a future sal e . 

ii. The Between Sale Within Centre Restrictions 

(a) If S.MIN ~ SAS . . ~ SMAX 
1,J 

then SAS . = 0 
P , J 

p = i + 1 , ••• • i + sz . 
J 

SMIN = single sale size minimum limit 

s;iA.X = single sale size maximum limit 

SZ. = minimum single- single sale sequence 
J 

period in centre j 

i . ~ . if a single sale is rostered on day i in centre j then no further sales 

may be roste-ced in that centre for at least SZ. days . 
J 

If SMIN ~ SAS . . ~ SMAX 
1,J 

arnl SAS . ~ DMIN 
q, J 

then q ~ i + S~. 
J 

SD. = minimum single- double sale sequence 
J 

period in centre j 

)MIN = minimum double sale size limit 

i . e . if the sale being conside~ed on -day q in centre j is a double sale , and 

tie previous sale in centre j was a single sale , then the period between these 

s;J..::es must be 

str :;.ction for 

(b) If 

then 

greater or equal to t he single- double sale sequence minimum re-

centre j . 

SAS. 
1,j 

~ DMIN 

SAS 
m, j = 0 m = i+1, •••• i+DS. 

J 

DS . = minimum double-single sale ·sequence per iod 
J 

in centre j 

If SAS . . ::::: DMIN 

and 

then 

1,J 

SAS
1 

. :a:. DMIN 
' J 

1 ~ i + DD . 
J 

DD. = minimum double- double sale sequence period in 
J 

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

for the double sale situation . · 

iii . The Between Sale Between Centre Restrictio~s 

(a) If SMIN ~ SAS. . ~ SMAX 
l,J 

and 1) j ~ 4 

then SAS r,t = 0 

r = i, .... ·i+4 

t = 1 ' •••• 4 

and SAS = 0 
v, w 

V = i,i+1 

w = 5' •••• 8 

or 2) j > 4 

then SAS = 0 
r,w 

r = i., •••• i+4 

w = 5' .••• 8 

and. SAS = 0 
v,t 

V = i, i+1 

t = i, •.•• 4 

If a single sale has been ros tered in a centre, then no sale may be held in the 

s~oe Island until a furtherfouTdays have passed; no sale may be held in the 

other Island until the day after next . 

(b) If SAS .. ;;ii: DMIN 
1,J 

and 1) j :E;; 4 

then SAS x,t = 0 

X = i, •••• i+6 

t = 1 ' •••• 4 

and SAS = 0 
y, w 

y = i, •••• i+3 

w = 5, •••• 8 
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or 2) j > 4 

then SAS = 0 
X, 'II 

X = i, • ••• i+6 

w = 5' .. . . 8 

:.i.nd SAS y,t = 0 

y = i, •• • • i+3 

t = 1 , • ••• 4-

?or d'ouble sales, the periods between sales between centres are two days 

greater (from the first auction day of the double sale) than for single sales . 

1he values placed on these restrictions are those specified in Section 3 . 3 . 4- . 

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

SMAX ;;i,; ssk . ;. SMIN 
'J 

or D)LAJC ;;,; SS. . ;;i,; DMIN 
K , J 

k = sales in centre j (k=1, •••• S. ) 
J 

DMAX = maximum size for double sales 

v . The Feasible Days for Wool Sales 

(a) Gener al : 

SA.Sb . = 0 
,J 

j = 1, •••• 8 

( b) Specific: 

b = z1 , •••• zf 

Z. s ' = a set of infeasible days for all centres 
1. 

SASb . = the s ize of a:ny sale rostered for day b 
' J 

in any centre j 

SASh . = 0 
, .J 

j = 1, •••• 8 

Z .. s' = sets of infeasible ·sale days specific t o 
1, J 

each centre 

SASh . = the size of a:ny sale rostered for day h in 
'J 

cet'ltr e j 
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2 . 1+ Methods of Anal:rsis 

In this section the methods of analysis of the rostering problem fall 

in tvm categories . Firstly, models used in operations research, insoI'ar as 

they are connected with the problem, are looked at . Secondly, analytical 

t echniques for solvin6 model s of the roster system are considered . 

2 . i+ .1 The Invcntol'y Mode l Approa ch 

The inventory model has been u.sed in marketing problems such as analys­

i ng warehouse needs~ in production problems such as scheduling operations, and 

to dete:crnine 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 

behreen set up costs and holiing costs . In the roster problem the set up costs 

are dependent on the number of sales rost ered ; the holding costs can be measured 

i n terms of wool storage and bales held over . 

The inventory model of the roster-~ng problem is presented graphically 

for any o:ie centre in Figure 2 . 2 below . 

FI'.;-URE 2. 2 TIU: INVENTO~Y APPi<.OACH - ONE CENTRE 

TIME . 
(days) 
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n = total number of sales 

T. - time of' sale k (k=1, •••• n) ~c 

SS
1 = size of sale k (k=1, •••• n) 
.c 

3,_ = b.3.les heLi ovel" fro:n sale k (k=1, •.•• n) 
i'. 

In :?ig,1:['e 2 . 2 total sto:::-age in the centre is indicated by the diagonall y and 

vG:rticE:.lly cross hatched a-rea . 

the vertically hatched areu . 

Total storaee of neld over bales is shown i n 

The lo\·rnr sectional curv~s in Figure 2 . 2 represent vrool available i n wool 

stores over the season . .Any point on these curves equals the cumulat.i.ve wool 

arrivals value net of previous sales . 

Solution of' the one centre problem presented in Figure 2 . 2 involves 

f' i ndine that set of' Ts which minimiz~s an obj ective £'unct ion composed of' the 

costs of sales, storage, a~d bales held over . 

T:.e problem could be solv~d for one centre at a time for a weighted 

objective function (including o~e or more performance parameters) . However 

i't is ve::J unlikely t:iat the optimal sol·.1tions for each centre individually, 

CO'.lld be a;;;a.lgamated to give a f'easible overall optimal solution for the eight 

centre,3 together . For example , the structure of' the problem is such that sales 

are desirable im:nediately after the Christmas break, due to wool accumulating 

over this period . Consequent ly. optimal solutions for each centre woul d probably 

include sales immediately after the Christmas period. This is feasible for one 

centre, but not f or 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 . 14-.2 The Queuinr, 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 
a-rr i vals , servicing times, and the order in which arriving units are 
taken into service are known, then the nature of this waiting situation 



c2.·:1 be studied and analyzed mathematically , 11 

Further : 
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"Arriving units may form one line and be serviced through only 
one station, as in a doctor ' s office; they may form one line and be 
serviced through several stations, as in a t~roer ' s shop; or they 
@J.y forin several lines and be served. through a.s many stations , as at 
t~1e checkout counters of a supermarket . "11 

Conceptually the problem of rostering wool sal es could be treated as 

a type of queuing problem, and solved accordingly to optimise for certain per-

formance parameters . The eight selling centres could be considered to represent 

eight servicing stations ; a wool sale would then represent a service rendered 

aL one of the f ac ilities . To incorporate the time restrictio~s it would be 

necessary to con.strain the frequency of services within and between centres . 

Aeain the dimensions of the roster pro~lem make the use of optimising 

aDalytical techniques impractical for r epresentative queuing model of the system , 

A ?font e Carlo simulation procedure could be used to simulate probabalistic wool 

arrivals over the season , Decis ions , regarding places of sales and sale s izes, 

c:i'..lld. be made in a random fashion . However, computer facil i t ies would limit 

tne nwnoer of experiments that could be carried out with a model incorporating 

probabalistic arrivals and random dec i s ion proce.sses . In Section 2.4 ,4 it is 

shovm that the range of feasible rost ers that can be produced, for any one set 

of data and r estrictions , is very large . A limited number of experiments over 

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

2.4 .3 D:rnarnic Progra'1Ulling 

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

" A.'1 optimal policy has the· p:..~operty .that, whatever the initial st ate 
an.d init ial decision are , the r emaining decisions must conntitute an 
o:ptim!ll policy with respect to the state resulting from the fir:,t 
dee isio-:i . 11 

The dynamic programming appr oach is represented in Figure 2 . 3 below, 

and. subseq·J.ent discussio:1 . 

FIGUR;;_: 2 . 3 STAGES IN DYNA.1'\iIC PROGRA.\DAING 

s I ·I 01 I s,1 02 f·4 D· Sj+Jj O· f~ -~+n-1 I 1+1 

I I I I I 
Rl R2 R-

I 

i = stage identification i=1, •••• n 

n = last stage of the problem 

S. = in?ut to stage i" 
l 

D. = decis i o!1 made at stage i 
J. 

R. 
I+ 1 

R. = return (contributio-:i to objective function ) 
J. 

at stage i. 

R n-1 

I Sa 1 on 

I 
Rn 

The obj ective function measured by R. may be simple (one performance parameter), 
. J. 

or, complex (more than one perfornance parameter, each of which mey be weighted) . 

are: 

Three basic components make up the dynamic programming procedure . 

i . The Stage Return Function 

R. = f.(S.,D . ) 
J. J. ). J. 

ii. The Stage Transformation Function 

S. 1 = g.(S.,D.) 
1.+ J. J. J. 

iii . The Recurrence Relationship 

v.•(s.) = Max. ff.(s.,D.) + v.• 1 (s. 1)J 
). J. J. J. J. J.+ J.+ 

These 



53. 

v.*(s.) 
l l 

= the optimal return for the present, and all previously12 

evaluated stages for an input of S. at stage i. 
l 

For the vrool sale roster problem, for one centre, the var i ables us ed in the 

relationship would refer to the following : 

i = day i of the roster 

R 
i = the return on day i, measured by an obj ect ive function 

cor:1pris ing performance parameters for storage, bales 

held over, number of sales, etc . 

S. = the number of bales of wool available for sale in the. 
l 

centre on day i 

D. = decisions on the sale size to hold on day i ( sale sizes 
J.. 

rostered from zero to the upper size limit for double 

s E:.les) 

V. = the cumulative return function for previous stages 
J.. 

evaluated . 

For the wool sale roster problem t he dynamic programming method of 

analysis is suitable for a one centre study. For one centre, optimisation in 

terms of the performance parameters given (especially stor~ge and bales held 

over) could be carried out . The optimal results for different performance 

parameters, and combinations of different performance parameters, could be 

co1,1pared . 

enormously. 

Consideration of all eight selling centres complicates the problem 

At each stage there are eight wool arrivals figures making up each input 

(S.) to that stage . If each of these wool arrivals figures could take a number 
J. 

of (say p) values at each stage, then there would be pB combinations for S .• 
J. 

i.8. pB possible values for S. at each stage. Obviously, p does not have to 
J. 

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 ·s:tages i+1, •••• n. 



be very large before computer storage capacity becomes limiting. Apart 

from this aspect of size of the problem, difficulties arise through interact-

io::i.s between the D. 's for each centre . 
l 

Fairly 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 . Conseque~tly simulation proced-

ures were used to look into the wool roster problem , 

2.4.4 Simulation 

Simulation, in gener al usage, means to make a model or copy of some 

process or object . Formally simulation is "to duplicate the essence of reality 

w:_thout 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. 

digital computer allows such experimentation to be done in hours. 

Use of the 

The problem of realism (see Section 2.2) remains. The simulation model 

c.s.n be developed with varying degrees of realism depending on the required 

prGcision 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 

st1.1dy . Such a model will produce realistic results under a wide range of 
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o:;:J cratin6 cond.i tions . 

One computer simulation procedure for the -vool sale roster problem would 

involve devis~ng a computer programme which coul:l produce numerous feasible 

rosters, according to the inputs and restrictions o;ierating for the run, and 

ev~luate each of these rostecs in terms of the performance parameters given in 

Sectioc1 2 . 1 . 5. The disadvdntage of simulation without enumeration13 is that 

often there is no guarantee that .a:1.y one performance parameter is optimised. 

In some cases search procedur~s can be used in simulation to find optimal 

solutions; a reason.J.bly "smooth" performance surface is required for this. 

Enumeration of the simulation model derived rosters, for any one set of 

data and restrictions, is impractical due to the large number of fe.J.sible rosters 

involved . 

F lG-1JR,~ 2 .4 

a 
X 

1 0 

THE NU~BER OF FEASIBLE ROSTERS 

Referring to Figure 2 ·'+ · above, let each card represent a day of the 

13. Enumeration 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 t~e roster starts when any of the eight centres 

can hold a sale, and, that there are ten possible sale sizes that can be 

ch2sen, then there are 80 poss ible decisions to evaluate in the first stage . 

This reduc es by 40 two days later, as only four centres can have sales , (i. e . 

t~ose in the other Island from that centre selected to have a sale in the first 

stage - assuming a sale was held) : 4 Tne number of possibilit i es decreases from 

stage to stage due to the between sale within centre re·strictions . However, 

the number of possible rosters is still immense . 

the poss i ble combinat ions number -

For the eighteen days above 

8 
8x10 x 4x10 x 3x10 x 3x10 x 2x10 x 2x10 x 1x10 x 1x10 = 1152 x 10 

The complexity of a simulation programme for rosterin6 wool sales requires that 

cons i derable computer time per run is required . 

alone inhibit enumerat ion . 

Consequently computer costs 

Because it was impractical to enumerate feasible roster s, and, as no 

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

necessary to include certain decision processes in the model; deci sion pro­

C:::3ses which were formulated to improve the performance of some performance 

pa.::·ameters of the model . It appeared desirable to be able to vary the se 

decis i on processes s o as a r ange of rost ers could be produced . 

The met hod 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 

t o ev aluate 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. 
o:ut this assumption, the estimate of the number of feasible rosters 
c ~n be formulated would be larger. 

With­
that 
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CHAPrER III 

T~lZ SIJ'IIULATION PRO Grt.A..\1.ME 

Co:atents 

In this Chapter the simulation progcamme developed is explained in 

r elation to the input data, restrictions, and.performance parameters included 

i·'.1 the model. Limitations of the computer programme, and, methods of adjust-

ing rost ers for these, a re discussed . 

PrograJl.ffie r oster s for three sets of estimated input data for the 1971/72 

season are co~pared with the a ctual roster formulated by the Wool Auctio~ Sales 

Com:nittee for t his season. Finally, more general parallels and disparities 

between the programme and actua l roster are made, and, conclusions drawn as to 

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

3 . ~ Estimatio~ and Cornpater Inpat of Dat a 

3 . '.2 . 1 Estimat ion of Wool Arrivals 

Es timates of in-to- store wool arrivals for auction in the eight selling 

centres v1ere made by taking unweignted and weighted averages 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 

Co~~ittee 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 

1 seasons arrivals at each centre, as provided by the wool brokers. The 

1. New Zealand Woolbrokers ' Association Schedule of Weekly Receipts Into 
Store 1968/69 - 1969/70 .- 1970/71 Seasons. 
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,
0,,·icond estimation of arrivals was made by t aking a weighted average of the 

arrivals for the previous three seasons . The weights, selected arbi trarily, 

were : 

10% of the figu·fe for the 19 ~8/69 season 

30fo of the figure for the 1969/70 season 

6afo of the figure for the 1970/71 season 

T·ne unvreighted estimation referred to as the "Unweighted Average " 

data in progr amme 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 

e3timate of course . If there is no trend in wool arrivals over the season, 

and if fluctuations f rom season to season in arrivals are random, then the 

umreignted average technique , taking the average over as many seasons as 

pei:,sible , will give the b es t esti mate . 

in Appendix B1 . 

"Unweighted Aver age " data is contained 

However , there appears to be a trend in seasonal wool arrivals . At 

present this is a dovrnward trend due to increased private selling and a level-

ling of wool production . If the trend is a 9ontinuing one, then the unweighted 

average t echnique will not give an efficient es timate . Taking a weighted 

average , with progressively greater weights for more recent data , will improve 

the efficiency of the estimate . Using the "Unweighted Aver age " result and 

ooiifying it by a trend coefficient will also improve the efficiency of estim­

at ion, as may ta.king a weighted average and applying a similar trend coefficient 

correction. The trend coeffi~ient for the latter estimate should be less than 

for the former, as the weighted average technique allows for trend to some 

e::r.tent . If no fluctuations occurred, then the best estimate is made by 

correcting the previous year 's data by an accurately estimated trend coefficient . 

In estimating wool arrivals, by applying statistical techniques to prev­

ious data , the problem of isolatine random fluctuations from changi ng trends 

arises . A simple weighted average technique was used, which hopefully removes 

errors of fluctuations, yet allows trend to play a role in determining th.is 
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estimate . Data correspo~ding to this method of estimation is referred t o 

a.:; "".'leighted Average " data, ( sec Appendix B2) . 

A third estimate was made due to the disparity between the Wool Auction 

Sales Committee's estimate of to·tal an·ivals , and both the weighted and unweighted 

estimates . Consequently resulting programme rostecs differed. more from the 

~c~~al roster than they may have done . The third esti~ate was made simply by 

;:1u:i_t iplying the "Unweighted Avef'age " estimate of arrivals, in each centre for 

e~ch week , by a correction factor . This set of data is referred to as 

11 Corrected Aver age" data . Total vmol arrivals in each centre in the "Corrected 

Ave.!'age 11 data are the same as estimates made by the Wool Auction Sales Committee . 

The co::-rection factor.::; for each centre are estimated as follows : 

Correction factor = 
Wool Auction S3.les Committee estLmate /total ar rival'V 
"Unweignted Average" data estimate f!..or each centDf 

So r:mltiplicatio::.1 of ll"i.Jmveighted Average '' est ·LJ1ates by the corresponding 

correction factor yields \'fool Auction Sales Committee est i mates . 

of 0hese correction factors are given in Appendix B3. 

3 . 2.2 Cor.rp:1ter. Inp~1t of Wool.Arrivals 

The values 

Trie s imulat ion programme developed i terate3 day by day, whereas the 

data estimat es are on a weekly basis . As these estimates can only be approx-

imate, it se emed pointless to try to i nterpolate the weekl y estimates to obtain 

daily incr ements . Consequently, i n the model, it is assumed that the cumul ative 

arrivals figures estimated for the beginninG o:f the week, apply over the wee~; 

no further arrivals occur until the beginning of' the next week. It is hoped 

t~at the error s associat ed wit h this appr oximat ion ar e no greater t han the 

errors of approx imating dail y arrival s by weekly i nter pol ation. 

Link progr amme DI SKIM ( see Appendix A2) fe eds es t imated wool arrivals 

data into disk stor age . In the pro gramme this data i s identified by the NB(J)s' . 

The wool arrival s data fed in is in t he for m of' cumulative wool arrivals at each 

centre . The cumulative value is corrected f'or bales rost ered as having been 
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sr)ld as the main programme ··progresses . 

? 

The co-erected value is shown in the 

NST(J)s ' of output .-

One special featu:-e of DISKIM is the progra.11me 1 s ability to handle the 

leap year situatio~ When the second year of the roster season is a leap 

year then the broker::, schedule of wool arrivals3 includes an eight day week; 

this vreek beine from 27th February to 5th March inclusive . By giving variable 

Ka 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, 

as exclusion of this feature would mean that the whole roster became out of 

ph:1se 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 

rosterin6 sales on feasible and ini'easible days . 

3.2. 3 The Feasible Sale Days 

'.i':ie 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 year . This comprises a 

period of 297 days . 

In general, feasible sale days aJ'.'e from Monday to Friday of any week . 

Exceptions occur over the Christmas break and public holidays . For all 

centres the exceptions for the 1971/72 season are contained in Appendix B4- . 

Link programme DISKIM feeds all this information to _disk storage. A 

- 1 value is recorded if the day is i nfeasible ; a O, or +1, value if the day 

is feasible . +1 identifi es days which are the fir st of the week, i . e . Mondays 

g8nerall y, Tuesdays when the corresponding Monday is infeasible, etc . 

val ue is used to identify ' Monday 14 sales . 

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

The +1 

3. New Zealand Wool brokers ' Association Schedule of Weekly Receipt s Into 
Store 1968/69 - 1969/70 - 1970/71 Season . 

+. For an explanation of ' Monday ' sales refer to Section 2 . 1 . ~~ . Briefly, 
' Monday ' 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 cap9..city to feed in 

the rostec- days I data for seasons vrhece the second year is not a leap year . 

:::nSKI1Ii,1 Vias writteD to speed up the input process where the same wool arrivals 

da"ca was being used for runs with different levels of restrictions . 

DIS10.I.!vI and DISKIM convert the general feas ible days of the ros t er into 

specific sets for each centre . These specific sets are changed by the main 

prograi11--:ie on exec:ution so mus t be reloaded for new runs . 

Various infeasible days specific to certain centres , are handled by the 

L'.DJ,;c;,r subroutine ( see Appendix AS ). The specific days included for the 1971/72 

season comprise infeas i ble days due to regional anniversaries ( see Appendix B5). 

3.3 Ros tering Restrictions and Their Progrfu'lli11inG 

The restr ictions included i n the simulation programme are: 

i. the sale size limits, 

ii. the betvreeh sale within centre restri8tions , 

iii. the between sal e between centre restrictions, 

iv . the closing to sale date minimum period, 

v. the . infeasible days restrictions. 

I n following sections, the specifications for, and programming of, these 

rnctr ictions are given. 

3.3 . 1 The Sale Size Limits 

These limits are : 

Single Sales 

Double Sales 

minimum 

maximum 

minimum 

maximum 

20,000 bales 

28, OOO bales 

40,000 bales 

50,000 bales 

Progr3JllIIle Identification 

NSL 

NSU 

NDL 

NDU 

The limits above are those quoted by the Wool Board, although rigid adherence 

to them is not maintained by the Wool Auction Sales Committee. 

In Chapter IT the sale size limits are parametrically varied. Consequently, 



the limits are fed into the comp~ter by means of a data card. 

achieved via subrouti ne INITNrA (see Appendix A6) . 
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This is 

~nforcement of the sale size limits is done wi thin secti ons III and 

VI in link prog:r.:urune SELLEM ( see Appendix A9) . 

3 . 3. 2 ·.rrie Bet ... reen Sale rti thin Centre Restr lctio:1.s 

The between sale within centre res trictions effectively limit , in some 

::.nstanc:es, the period between sales in any centre . Thes e restrictions are 

ne0essary o.ue to the period required ~o break dovm the pas t sale and prepare 

for the next sale . Variables effecting this period, assuming fixed l abo~r 

a11:i. equipment , are the size of the tw-:) sales and the extent of wool prepar a tion 

r 8quired for them . Rest rictions between centres vary, due mainly to t he 

-Lni'luence of the l atter variable . 

The restrictions made available by the Wool Board are summarised below 

in Table 3 . 1. 

'.i.'s~_JLS 3 . 1 TM BET-.'iEEN SALE ~'iITJUN CEN'fRE RESTRICTIONS 

~ 
Single Sln~le Double Double 

to to to to 
Sin:;le Double Single Doubl e e 

Auckland 28 31 30 45~ 

Wanganui 28 40'*- 35:lf. 453( 

Napier 28 39 35 42 

Wellington ·28 40~ 35~ 45~ 

Ctll'istchurch 28 40 37 45:.{ 

Timaru 35 45;p 40~ 50j<; 

Dunediri 28 40":t 35 45~ 

Invercargill 28 42 33 45 

% 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 prograw~e . They are parametricall y varied in Chapt er IV . The values 

fo:· any run are fed in via subroutine I NITI'JJ,1; the values on the data cards 

1. e :q; one day less than the quoted r estriction values in order to allow cycles 

of ,·,··::..H. in a centre of the relevant restdction value . For example, 28 day 

sale cycles f or single sales in Auckland can be achieved by feeding the restrict-

icn value in as 27 days . 

r.:i:::.:.::.u:-.i (,:' 29 dc.y cycles . 

Feeding the value in as 28 days could or~y give a 

The betVIE:'en ·sale within cer.t r e restrictions ar e enforced within sections 

T\~, V, ar.c.. XI of l inJ< progr amme SELLEi'w: . Section XI closes off (or makes i n­

I'.1i2,;;:..ble) the minimum period. until a future single sale may be held in the 

ce::tre for whicr. 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 

t11c.i: ha:, elapsed since the last sale in the centre i s not violating the single 

to GC~b~E or double to double minimum period. ( as the case may be) . 

3 . 3 .3 '.i:'l:e I.iini.mum Closing to Sal e Date Period 

A closinc date for the sale is set in order to allow wool brokers to 

r:ia::• ... l&:::t preparati ons for a sale . Bales arriving af ter the closing date are 

not t;er.erally ;_)rocessed for inolusion in the sale . 

The minimum period for this restriction was given by the Wool Board as 

five n.a;;r2. . Ir.. the programme , however, this va l ue wa.s increased to seven days 

duP. to the structure of the programme . With a five day minimum, bales arri v-

ing on say a Friday, could be sold the next Weqnesda.y . This effectively all owed 

o:ily three days to process the Friday arrivals (if the weekend days were assumed 

n,:m- ·,ro :·I- rJay::;) . Increasing the minimum to seven days ensured, in most instances, 

that at l~ast five ·work days were included in the closing date to sale date 

per iod . 

Enforcement of this minimum period is effected in link programme SELLEM 

(see Appendix A9), by est imating_ bales available for sale, from those wool 



arrivals that were in store seve:n days previous to the day being considered. 

Section II of SELLEM includes the operation of this constra int. The minimum 

value placed. on this restriction. is ini tia.lised in subroutine lliITNM and carried 

through as variable KL to SELLEM . 

3 .3. 1+ The iletvre en Sale Between Centre Restrictions · 

Tt1ese restrictions allow buyers time to evaluate wool in diff'erent 

centres , when they apply within an Island, and, allow communication between 

b~yers in differ ent Islands . 

pos sible by this restriction. 

Attendance of sales in both Islands is also made 

s:'he between centre between Island. restriction requires that at least one 

day must elapse between sales in different Islands. For sa1es within an Island 

::'our days between sales must elapse . For double sales these periods must be 

oetNeen the last auct ion day of .a previous double sale, and t he first auction 

d ay of the next sale . Do·..1ble sales compris e 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 s ix days 

if the centres are in the same Island, and three days if they are in different 

I s l a.nds . 

These r estrictions a r e enforced in section V of link programme SELLEM 

(see Appendix A9 ), by making the appropriate future days in the relevant centres 

i nfeas ible sal e days . The restriction values are treated as variables in the 

programme and are initialised in subroutine INITNM. 

provided by the Woo l Board. 

3.3.5 Infeasible Day Restrictions 

The values used were 

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, fo~nd in sections II and 

XIII of link p~ogramme SELLEM (see Appendix A9). A -1 value for this variable 
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m,.::i.ns that the day it identifies ·· i s an infeasi ble sale day in all centr es . 

S~e~ific ini'easibility is covered by the set of MC(J) variables where 

J identifies the centre . A zero MC(J) value indicates that the associated 

iaf is infeasible for a sale in that centre . 

I•ltmtification 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 anniversaries in various centres . 

3. 1+- PerforTJ:ance Parameters in the Prog.ca:nme 

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 

bale- days , 

ii. bales held over, weighted by the period they are held over 

- n8asured in bale- days , 

iii . the average closing date to sale date period - measured in days , 

iv . the n...1mber of single and double sales, 

v . tne number of ' Monday ' (first feasible day of week) sales . 

A full description and explanation of these para.meters may be found i n Section 

2 . 1 • '+ • 

3 . J+- . 1 Pre- Sale Wool Storage 

Pre- sale wool stor age in each centre is estimated by subtracting the 

effective removal of storage due to sales , from total possible storage if no 

salP-s were held. This is explained in Figure 3.1 below for one centre . 
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I 
->l 

QJl----->"--L------__J__---__. __________ __._ _ _._ 

To 1, T 2 T3 T m.ax 

TIME 
(days) 

T1 , T2, and T
3 

are the days for sales 1, 2 and 3 . 

S3
1

, ss2, and ss
3 

are the sizes of sales 1, 2 and 3 . 

Total possible storage = area under cumulative arrivals curve 

Stor age r emoved= areas I+ II+ III . 

Area I = SS
1 x (T -'.I\) (ba le-days) max 

· Area II = SS2 x (T - T2 ) ( II II ) 
max 

Area III = SS3 x (T -T) max 3 
( II " ) 

n 
__ 1 Tmax 

Net Storage 

To 
f (cumulative arrivals) - I SSk • (Tmax-Tk) 

k=1 

k = sales 1, •••• n 

n = number of sales rostered in a centre. 



In the progr~'1lllle the integral technique is not used due t o the stepped 

na ture of the cumulative arrivals curve, which results from the assumption 

i ~ t he model that arrivals for any week occur at the beginning of that week, 

( see Section 3.2. 2) . 

Total possible storage for each centre in the programme is estimated by 

t he equation : 

s . 
J. 

= (NB .-N.B . 1)(T - i) 
J. J.- ma.x c-oale- days) 

i = day being considered ( i=1, •••• T ) rnax 

S . = storage on day i in the centre 
J. 

NB . = total (cumulative) arrivals by day i in that centre 
J. 

NJ3. 
1 

= total (cumulative) arrivals by the day before i i n 
]. -

T rnax 

that centre 

= length of the rostered per iod ( in days ) 

T 

Total possible storage = I ma.x s . (bale- days) 
J. 

i==1 

T n 

Net storage = I max s . - ssk . ( T - Tk ) 
J. rnax 

:i.=1 k=1 

Num2rical Example : T 

1et total possible storage 

time of first sale (T
1

) 

length of season (T ) 
max 

( I ma.x 

i=1 

sale s i ze of fir s t sale (ss1 ) 

Storage r emoved by fir st sale 

Therefore net storage aft er first sale 

s . ) 
J. 

= 30,000 , 000 bal·2- days 

= 50 day s 

= 300 days 

= 4-0, 000 bales 

= SS1 x (Tmax-T1 ) 

= 40,000 X (300-50) 

= 10,000,000 bale-days 

= 30,000,000 - 10,000,000 

= 20,000,000 bale-days 
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This estimation of pre- sale wool storage is approximate for two reasons : 

i. the as su.11ption of stepped cumulative arrivals curves ( in weekly 

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 assumed to be the first day of auction . ConseqJently storage 

reQoved for any centre is slightly over estimated for double sales . 

Errors, due to assumptions i. and ii . above are not cons.i:lered important . Error 

i . is a consistent error for all r osters made on the basis of the same data; the 

error would be quite small even if smooth cumulative arrivals curves were used . 

Total possible storage is estimated in section XIII of link programme 

SBLLEi.l ( see Appendix A9) . SELLEM starts seven days after the beginning of 

t11e season ( September 5th), due to the constraint that bales must be in store 

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

Tne storage occurring over these seven days is estimated in subroutine STAR.TM 

(see Appendix A7) prior to execut i on 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 . 4 . 2 Bales Held Over 

A weighted measure of bales held over i s 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 

r,eld 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 he.ld over compris·e wool arriv~ls after the closing date but bef'ore, 
or, on the sale date f'or a sale, and, bales which cannot be included in a 
sale due to sale size constraints . 

6. Figure 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 

w::::ighted performance parameter is a dete1~minant of the interest cost to growers 

resulting from delayed sale of their wool, and, a measure of the extent to which 

some wool producers are descriminated against by the roster in having their wool 

held over . 7 Costs to the brokers, assuming fixed long term storage facil i ties , 

relate only to the number of bales held over; this number being a determinant of 

double handling requirements . Consequently, the weignting of bales held over by 

the period they are held over, is not as directly significant in the short term to 

b.['okers . Though not summarised, the number of bales held over from each sale can 

e1-.:~ily be found by subtracting the number of bales rostered for each sale from the 

ba:_es in store at the time of each sale . Hence the apparent shortcoming of weight- I 

ing the bales held over parameter, in terms of brokers goals , is not severe . 

Bstimation of the weighted bales he l d over values for each centre is done 

by the method indicated in Figure 3 . 2 below . 

FIG-URE 3 . 2 ESTIMATION OF BALES HELD OVER 

r, T2 

TIIftE 
(days) 

ONE CENTRE 

St.aded areas represent weighted measures of bale.s · 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 fore gone on the value 
of their unsold wool, (see Section 2.1.4). 
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= bales held over from sale k 
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= the vreigr:ited measure of bales held over for sale k 

k = sale identification, k=1 , •••• n 

n = total sales rostered in the centre 

SS, 
.i:C 

= size of sale k i n that cent r e 

k 

I SS = sum of bales sold in sales 1, ••• • k p 
p::1 ·t' 

'.i.' 
k = day of sale k 

NB. = cumul ative arrivals by sal e day k 
..<: 

Total weighted bales held over in any centre equals 

n+1 

=I 
k=1 

It can be seen from the equation above that no estimate of bales held over, 

(-aeighted by the period they are hel d over) can be made for the last sale (n) , 

us there is no value for the day of the next sale (n+1) . A value of T could 
max 

have been put on T 
1

• n+ This was not done, however , as it seemed to add nothing 

in terms of accuracy in measuring bales held over . The problem does not arise 

1rh,m total arrivals are rostered for sale (as in adjus ted programmes) . 

discussed further in Section 3 . 6.2 of this Chapter . 

Numerical Example : 

Let time of first sale (T
1

) 

ti~e of second sale (T2 ) 

c..m~lative arrivals (NB
1

) 

size of sale (ss
1

) 

Bales held over f'rom sale 1 (BH0
1

) 

= 

= 

= 

= 
= 

= 
= 

50 days 

100 days 

30, 000 bales 

25,000 bales 
k 

~ -I SS 
p 

p=1 

30,000 - 25, 000 

5,000 bales 

This is 
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\•foi3hted measure of bales held over from sale 1 (VIHB0
1

) = BH0
1 

• (T
2

- T
1

) 

= 5,000 X 50 

B'.i:es may be held over for more than one sale . 

arise when : 

BHOk-1 > ssk 

= 250 , 000 bale- days 

This situation would 

i . e . rrhen more bales wer e held over from the prev ious 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 

OVGr for more than one sale ~ 

3 .L~ . 3 The Average Period Between Closing and Sale Dates 

Estimation of the closing to sale date periods for sal es 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 t o allow a sale of the rostered 

size . As indicated earlier this period mus t be no less than seven days . 

Interest no•11 lies in those sales unrestricted by this mini mum restr iction. 

Tr1is perfor mance parameter has implications in pre- sale stor age , and, 

bales held over, for that p eriod of the season when cumulative arrivals are 

increasing r apidly . Longer ~han minimal closing to sale date periods imply 

that more bales are available f or sale, than have been ros tered for sale . 

Yiathematically the programme estimates the closing to sale date period 

for any sale in a centre by the means i ndicated in Figure 3 ,.3 (and discuss i on) 

below: 
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~IGURE 3.3 ESTIMATIO~ OF THE CLOSING TO SALE DATE PERIOD ONE CENT:a..E 

...:I 
0 
0 ,.--... 
~= Cl) 

C) 
µ:, rl 
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>-< 
,D 
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ri0 
88 
~ -r~ ....__, ,.:i 
O' 
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so 

0 

c, 

i-
ss, 

1i 

--- - ----- -+ 

TiivIB 
(days) 

Referring to Figure 3.3 above: 

SS 
k 

= size of' sale k in the centre 

Tk = t ime of' sale k 

ck = closing date f'or sale k 

Closing to sale date period = T -k ck 

The obj ective of' this perf'or mance parameter is to: 

Subj ect to 

k 

=I 
p=1 

SS 
p 

NBCrc = cumul ative arrivals by day Ck 

k 

I SS = sum of' sale sizes roster ed since the 
p 

SS I 

13, -, 

p=1 
beginning of' the season (including the sale 

under consid~ration) 

In the programme the maximum value for Tk - Ck (the closing to sale date 

period) is restricted to 15 days.
8 

would be of limited interest . 

It was f'elt that periods longer than this 

8. A maximum value of 15 days was specified to save computer time. 



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 aver age value for the 

pa r ameter . Estimation of the period for each sale i s made in sect ion IV of' SELLEM 

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

3 •1+.4 The Number of Single and Double Sales 

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

VI of SELLEM and report ed by l i nk pr ogramme PARAM . 

3 .11- . 5 ' T.'.:m:iay ' Sales 

As pointed out in Section 2 . 1 .4 the placing of ' Monday ' i n quotat ion mar ks 

is used to indicate that i t refer s·to the fir s t feas i ble day of the week . These 

days are identified in the programme by a +1 value fo r their corresponding MUN(I) 

value . Estimation of sales in t his category fo r each centr e i s made in section 

VIII of SELLEM . 

3 . 5 Other Features of the Computer Programme 

In this section special f'eatures of' the progr amme perta ining to decision 

processes and double sales are di scussed . 

3 . 5 . 1 Sale Sizes 

The programme maximiz es the sizes of sales r os t ered wi t hin t he constraints 

of the model. The me t hod of maximizing sale s izes in a centre is as f'ollows . 

Initial ly t he pro gramme es t ablishes whether the day (stage ) being cons idered 

i s a feasib le sale day f'o r the centre . I f it is a f'eas ible sale day, the amount of 

wool available fo r sale i n t hat centre, seven day s earlier (the minimum closing to 

s~le dat e period), is estimat ed . If th i s quantity is greater than the double sale 

size minimum limit, the pro gramme determines whether a double sale may or may not 

be he l d . When a double sale may be held then either the upper double sale size 

l imi t , or the amount of wool available at the latest possible closing date, is 

t he maximum sale siz.e that can be rostered in that centre. If it is not 

feas ible to ·hold a ·double sale then the upper single sale size limit is the 



m3.:cimum sale size that can be rostered in that centre on that day , · 

I:" the quantity of wool available for sale ( sevec1 days before the day . ' 

be.in£; considerecl), 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' 

lcs8, the amount of wool avail abl e , determines the maximum sale size that can 

be rostcred for that day in that centre . 

-:,11e:ce \·1001 available in the centre, on the latest feasible closing date , 

is less than the lower s i ngle sale size limit, then a sale cannot be held in 

that centre on that day , and , the centre is disregarded in further decision 

processes for that day of the roster . 

On any day, sale sizes are maximized. (as above) for all centres in 

w:iicn it is feasible to hold a sale . Section 3. 5,3 contains an explanation 

of anot':ler decision process, by which one of these centres may be chosen as the 

venue for a sale on the day being cons i dered , 

'i.'he decision to maximize sale sizes was included as an attempt to include 

a~ i~pl~cit heuristic procedure in the model ; heuristic with regard to the pre­

Jale storage and bales held over performance parameters . The ambitions of this 

Qecision process may not necessarily be realised due to interactions between sale 

size and time restrictions . The programming perta ini ng 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-

gra:nming 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 

co;nposed. 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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betvrnen the auction days must be one day and no more than one day i.e . a 

double sale separated by a weekend is not per!nitted . 

Sections IV and V of SELLSM (see Appendix A9) implement the special 

features of double sales ; most of the relevant programming 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 ~:bre Than One Feasible Sale Centre on Any Day 

\'/l1en it is f easible t o have a sale in two or more centr es on any one 

dsJ . the procedure is to select that centre with the maximum number of bales 

av,~ilable as the sale centre . When two ceatres have (say) 30,000 and 35,000 

b~J.es 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 

by the programme . This decl~io::1 can, however, be overruled by a further dee-

ision process discussed in the next section . When overruling occurs the centre 

-;r~- th 30, OJJ bales available may have a sal e rostered, al though again the over-

1·,_.2.ing decision pro cess may intervene in this centre . The decision procedure 

explained above is aimed at lowering pre- sale stor age by keeping the upper limit 

on bales in s tore as low as poss ible over all centres . 

to bales held over also . 

This effect carries over 

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

relevant to this decis ion 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 

r e:::trictive . 

A procedure was developed which e~timates, over a limited range of the 

roster , the pre-sale storage differences between holding a single sale now or 
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u i ~~ble sale later . Ap~lication of this decision process will also go s ome 

naJ to decreasing the extent of held over bales . The decis ion process is 

explained for one centre in the following figure. The procedure is referred 

to as the single/double decision procedure . 

:5' [G-URE 3.4 THE SIN';-LE/DOUBLE DECISION PROCEDURE 

100 

ss, 

O.__ __ ...,.___.__ ___ __.__ __ ..___ ___ ..J.._ _____________ ..i.__ 

Referring to Figure 3.4 above: 

k = sales 1, •••• n 

n = t otal sales held 

Tk = the day of sale k 

SS, = sale size of sale 
X: 

iri 

k 

T4 

THIE 
(days) 

that centre 

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

double sale at T
3 

where T
3 

> T
2

• The decision problem does not arise when 

T
2 

= T
3 

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

de:;cribed in Section 3.5.1. 
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I.r a single sale is held at T
2 

then the earliest possible date of the 

next sale in that centre is ·T
4

_where T
4 

- T
2 

equals the mini.mum between sale 

:"Ti thin centr e restriction for a single- single sequence in that centre . 

age saved bet,.reen T2 and T
4 

for a single sale equals 

Star-

If no sa le is held a t T
2

, but a double sale is held at T
3

, then t he storage 

sa.,rad to '.i.' 
4 

equals 

'.i.'he cow.man storage saving equals 

T:1e net differ ence in storage saving between a double sale at T
3 

and a single 

sale at T2 is : 

f (ST)= area II - area I 

i.e . f (ST)= ( ss
3 

- ss
2

)(T4- T3) - SS2(T3- T2 ) 

where f (.ST) represents pre- sale storage saved. 

If f (ST) is negative then a single sale 

If f ( s·r) is positive then a doubl e sal e 

is selected at 

is selected a t 

·:,'hen a positive f(ST ) s ituation occurs no single sale is held 

T2 . 

T3" 
in the centre 

concerned . However, a double sale in that centre may not be rostered until 

after T3" This situation arises, when in the perio:J. :f'rom T2 to T
3

, 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 T
3

• 

Experimentation showej"that phasing out double sales that were marginal 

vrith respect to this decision procedure, gave improvements for some performance 

parameters . 9 The method of phasing out such double sales is described below . 

Tr.j.s single/double decis i on 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 4.10 
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can be. formulated with varying ratios of single to double sales . The operat-

ing rule described above involved comparing f(ST) to zero . More single sales 

are rostered if f(ST) is compared to some positive value . In Sectio~ 3. 6.1, 

it is seen that comparing f(ST) to 100, 200, 300 and 400 thousand bale- days, 

i n sequence, gives rosters with progressively higher single to double sale 

ratios , ( be cause 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 sect ion are 

included in SELLSM (see Appendix A9) . The bulk of the progr~llIIling for 

i ~plementation 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 NETT in the programme . 10 

3. 6 Rosters for the 1971/72 Season 

Rosters were derived fro m the three data sets (see Section 3.2.1) using 

the restriction values given in Section 3.3. Some of these rosters were adj usted 

to be compared with the Wool Auction Sales Committee ' s roster for the season . 

This adjustment i nvolved two aspects . Firstly there was the adjustment 

of sale dates , within the constraints , to give what was felt to be better rosters . 

T:C1e 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 b etween sale within centre restriction periods are 

often in weekly increments (see Section 3.3. 2) . These factors combined in 

10. Pro6r a.mme 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 

number of 1 Monday 1 sales being rostered . These sale days are changed to 

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

constraints . 

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, 

wtthin the constraints of the niodel, to roster this unsold wool for sale . 

These two aspects of adjust i ng programme rosters gave modi fi cations 

v1~1ich were such that fairer comparisons with the Wo'Jl Auction Sales Committee 

~oster 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 

11 of sale , and re- Yun to re- estimate performance parameter values . Other 

than evaluating adjusted roster s, this capacity of the pr ogramme allows for 

evaluation of rosters derived independently of the programme , by perhaps 

different decision processes . 

Vfith 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 r emoved. 12 

3 . 6 . 1 Programme Rosters 

Programme rosters fo r "Correct ed Aver af5,e " data wer e der ived for five 

values of the single/ doubl e decision variable ( see Sect ion 3.5.4). The 

decision var iable is referred t o a s "NETT" in the programme . 

these runs are summari sed in Table 3.2 below. 

The results of 

11 . Rosters obtained f rom t he pro gramme are referred to a s "programme r os ter s.". 
?ro6ramme rost er s , which are adjusted by hand and re-run, are referred to 
a s "adjus t ed r os t er s ". · 

12 . Mr . J. D. Fraser, Manager of t he Wool Board , suggested that this refinement 
of the progr amme was of little practical significance, due to errors in 
est imation of wool arrivals giving wide variability in estimates over the 
lat ter part of the season. 
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T./1..BLE 3.2 PROGRJIJ,1NE ROSTERS FOR "CORREC·rED AVERAGE " DATA 

Si:i.gle/ Double Decis ion VariabJ. e Value Performance 

Parameter 
l\TETI' 0 NETT : 100 NETr ; 200 NETT : 300 NETT : 400 

Pre- Sale Storage 
( ' OOO -bale- days) 

Bales Held Over 
( 

1 OOO bale- days) 

S:Lngle : Double 
Sales 

Aver age Evaluat­
ion Period 
( days ) 

1 ·.1onday 1 Sal es 

65 ,690 56, 11 6 

27, o:i-4 22,126 

19: 19 31: 12 

11.55 10.97 

27 27 

56,415 60, 134- 60 ,146 

23,080 29,609 29,971 

31: 12 40:7 42:6 

11. 20 11 . 34 11 .12 

26 29 25 

The re sults in Table 3 .2 above indicate that the NETT : 100 decision rule 

7m., 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, 

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

Sale numbers are higher for the NETT : 100 than the NETT : 0 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 

indicates that the differences between the NETT : 0 and NETT: 100 rosters 

r enained consistent for the other two data sets. 
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~J.BLE 3 .3 PROGRAl'hME ROSTERS FOR "UNV/EIGHTED AVERAGE" AND 'CORRECTED AVERAGE" 
DATA SETS 

Performance 

Parameter 

Pre- Sale Storage 
( ' OOO ·bale- days) 

Bales Held Over 
('JOO bale- days) 

Single :Double 
S2.les 

Aver age Evaluat­
ion Period 
( days) 

' f,\o nday ' Sales 

"Unwei ghted Average" 
Data 

'.'IBTT : 0 NETT : 100 

58,753 48,103 

20,866 15, 71 6 

18 :17 28:12 

11 .02 9. 97 

26 26 

"Weighted Average" 
Data 

NEI'T : 0 NETT : 100 

52,082 51,275 

18,233 17,309 

26: 1313 

1 o. 76 10 . 07 

25 27 

Tables 3.2 and 3.3 indicate relatio~ships between performance parameter 

values 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 

qu~ntity of wool is being processed through the system, under the same levels of 

con.'3tr aint s . 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 
fo .c "V/e ighted Average" data rosters. This is not reflected so much in the 
d::i.rection of changes in other performance parameters, but is indicated by 
the extent of these changes . The values have changed in the right direct­
io~, but not by nearly so much as f or comparative rosters based on other 
da~a . The cause of the discrepancy lies · in decision processes other than 
the single/ double proces s , having overriding effects on the roster format. 

14. Total seasonal arrivals increase from "Weighted Av:erage" to "Unweighted 
Average" to "Corrected Average" sets of data. 
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i 11cl11ded in the e:xperimentation .15 

Appendix C:2 co:i:1tains an exfi!ll.ple o!': a programme roster as printed by the 

c1_.u1:p . .1tec-. The specific roster is for "Correct ed Average " data based on the 

rH<.;:::''I' : 10'.:'J ,lee is ion rule . 

3 . 6.2 A~j us ted Rosters 

:?ive of the programme rosters were adj'J.sted for comparison with the Wool 

AuctioYl Sales Coffilnittee ' s .roster . The CoiD.I:littee's roster was correct ed to fit 

t:·1e iata used . This was done by assuming the same sale dates and sale sizes 

';1>.2:·~e-rcr possible, but decreasine the sa::i..e sizes where required by the data . 

Con:,equently, sales of 0::1.ly 3, 000 bales are app:1rent l y rostered. In such cases 

t ,1e comparison is invalid due to breaching of constrairtts by the Coffilnlttee ' s 

roster . A di rect coi:nparison is possible in the case of "Corrected Average " 

data rosters, as the data is such as to avoid breaching of' sale size constraints 

by the. Com.:nittee' s roste I'.' . Results and comparisons are :nade in Table 3 . l+ below : 

.ADJUS TED ROS TERS FOR 'l'HE 1 '371/72 S8ASON 

l PER:B'ORJM...TIJ CE PA..W.IBTE.R 

ADJUSTED Pr-e- Sale Bal,~s Held Single : Aver age ' Monday ' 
Sto:cage Over Double Evaluation Sales 

ROSTER ( ' OOO ( :ooo bale- Sales Period 
I bal e- days) days) ( days) 

"Umre i ghted 
Av r:; r.age" 

i'TETT : 0 59,266 23,590 25:17 12.16 5 
::JETT : 100 50,669 20,213 35:12 12.08 6 
Co;nmittee 50,233 23,816 1+5: 9 9.79 15 

"We i ghted 
Average" 

HETT : 0 53,205 21,770 32:13 12.31 6 
NETT : 100 53,126 21,102 30:14 1·1 .45 6 
Committee 46,337 20,306 45:9 8.96 15 

"Corrected 
Average" 

NET'r : 100 58,445 25,317 36:12 12.54 7 
Committee 62,882 34,l.-69 45:9 11.59 15 

· 15,, The NE'rT :100 programme roster for "Weighted Average" data does not fit the ·· 
p.:l,ttel'.'ns indicated. This problem of "non-conforming" rosters is discussed 
further in Section 4 ,11. 
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Tables 3. 2, 3.3 anc'l. 314 can be compared to see the effect of adjusting 

roster3 on perfoc~mance parameters . Adjusted. rOi3tecs have higher pre- sale storage 

requir ements than prograffi.Jle rosters .· This is due to two a0tivities in the 

aijustment process . Firstly, sales are often held later in adjusted rostern 

( on l a te ;~ days of the week) . Secondly, sales towards the end of the seaso:i, 

;ue.y be delayed or red·;.iced in size to allow all wool to be rostered for sale . 

These factor3 cause storage requirements to be higher in adjusted ro sters . 

Bales held over are higher in adjusted rosters than in progranune rosters . 

Th~ factors ca·..1.sing this are the same as those causing increases in storage . 

F .,r·ther:nore, adjusted. roster.s include more sales generally; this means there 

are more sales from which bales can be held over . 

Tl;e single to double sales r atio increases when rosters are adjusted, 

due to tidying up programme rosters at the end of the season . This process 

frequently involves rostering a ,iditional single sales at the end of the season. 

The average evaluation period increase i s somewhat less then two days . 

This i s ca'J.sed. largely by shifting ' Monday ' sales forward two days, where this 

i a poss ible without violating constraints . In programme rosters not all sales 

fa:::._1 on 1 :.;o:'.ldays 1
, nor , can all ' rfonday ' sales be shifted forward (as the results 

S!lt)"/f) • So the resulting increase in the average evaluation period falls some-

vr!1at short o:' tvro days when program:ne rosters are adjusted . 

In comparing adjusted programme rosters with the Committee ' s roster, 

the point of validity of comparison mentioned earlier in this section is import­

In Table 3 .1+, the Committee ' s roster is seen to perform differently when 

cor~ected for the various data sets. As estimated total wool arrivals figures 

decrease , the Committee ' s rost er performs better (except for the average evaluat­

ion period parameter) . However, this better performance is coupled with 

i:icreased violation of sale size constraints . So although it is invalid to 

compare "Unweighted Average" and 11w·eighted 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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~nportance of constraints on the system are made in Chapter IV . 

Valid comparisoc1.s can be made between the adjusted programme roster 

cl e1'ived from " Corrected Average " data, and, the Committee ' s roster . Using 

cQis data, the Committee ' s roster does not violate the sale size re s trictions . 

Taj l e 3 . I+ indicates tha t roste·cin6 with a lowec single : do·.1b l e sales r at io 

i mp:'.'oved the perfor;nanc e of the system fo:::.- all measured performance parameters . 

c ~~culations in Sectio~ 2 . 1 . 4 suggest that the importance of savings in pre-

sale storage , in terms of interest a lone, are v e-cy s i gnific ant . The adjusted 

)co;:r.'a mme roster involves 58,44-5, OOO bale- days of pre- sale wool stor age ; the 

Co;;i--:iittee ' s roster involves 62 , 882 , 000 bale- days . This d ifference in terms 

of added interest earnings, is in the vicinity o~ $80 , 000 . The adjusted 

ro .s-:er for the NET·r : 100 decisio~ rule, and the Committee's roster, are pres­

e11 f; ca d in Appendix C1 • 

3 . ('. . 3 ·,'fithin Centre Performance Variability 

In the p:..nevious tvro sectioc1.s , the results indicated consistency in 

directio~al changes in performance parameter values, with changes in estimates 

of wool arrivals, and, operating rules . This consistency does not carry over 

fo:c indivi dual cent r es . An indication of the extent of centre inconsistency, 

is given in Table 3 . 5 belo·N; ·t\he probable causes of discrepencies is discussed 

following Table 3 . 5 . 
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TABLS 3.5 INCONSISTENCIES WITHIN CENTRES 

I 

Pim -SALE s·roRA(:;-s ( ' OOO bale- days) 

"Wei ghted Av erage" Data Comnittee 
CK-JTRE ProgL' arrune Rosters Adjusted Ro.3ter3 Roster 

:NET'l' : 0 NE'C'r : 100 NET:;.' : 0 NETT : 100 

( 1 ) (2) (3) (4) 

Auckl an:1 5,856 5,883 6,048 6,288 5:278 

'}anganui 4,392 5,41+2 4,643 6,074 2,978 

:·Te.pier 12,414 11, 926 12,590 12,062 11,391 

\'/:=;llington I 5,699 6,883 5,935 
I 

7,059 4, 928 

ChrLstchurch 6,435 6,387 6,528 6,380 6,935 

1'ima__ru I+, 11 2 3,704 2,871 2,771 2,860 

Dunedin 5,036 4,992 6,156 5,976 7, 863 

2: nve::.~ca r gill 8, 13.s 6,058 8,l+3li- 6, 51,S 4, 1 Ol1-

TOTAL 52,082 51,275 53,205 53,126 46,337 

In Table 3. 5 abo're the pre- sale storage performance parameter is used as 

e,n example of the inconsistencies that occur within centres in terms of perform-

ance parameter changes . This Table shows inconsistencies in performance param-

et :-;;'.' changes within centres, for rosters derived under different decision rules 

(0olum11s (1) and ( 2) , and, for rosters in the programme and adjusted states 

(compare columns (1) with (3), (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 3torage. Table 3.6 

indicates individual centre performances by the Committee's roster and the 

di::-ectly comparable "Correctetl Average" roster. 



TABLE 3.6 INDIVIDUAL CENTRE PERFORT.L\NC~S 

CEN'i'H..E 
Parameter and 

Auckland Wanganui Napi er Viel l-
Roster ing t on 

P-~e-Sale Storage 
( ' OOO bale-days ) 
11 Corrected Average"(i) 7,743 4,315 15, 601 6,316 

Co;runi tt ee (ii) 8,559 3,856 16,067 7,590 

Bales Held Over 
('OOO bale-days ) 

"Corrected Average 11 2,956 1 , 1 30 10,264 2,!+5!+ 

Committee 4,462 1, 062 11, 81+8 4,427 

$i~gie:Double Sales 

ncorrect ed Average " 5:2 5:0 3:4 3 : 2 

Committee 6:2 6:0 5:3 7:0 

Average Evaluation 
Period (days ) 

11 Corrected Average 11 11 .57 10.80 11+ . 57 12. 60 

Committee 10.87 8 . 50 1l ... 12 13 . 28 

'Monday' . Sales 
11 Correct ed Average" 1 1 3 1 

Committee 3 1 3 1 

Chris t- Timar u Dunedi n 
cl1i).~ Cl1 

6,81 1 3,337 5,702 

8, 0,69 3, 1 61 9,699 

2,686 614 1 , 171 

4,201 511 5,962 

6: 1 4 :0 4 : 2 

6: 1 4 :0 6: 1 

'13.4-2 1 ·1 . 75 11 .1 iS 

11 . 85 11 . '.25 15. 00 

0 0 0 

1 0 3 

Inv c"",.-;;;;;::::T Total s 
gill 

'-· 

3, 620 58,4J+5 

5,881 62,882 

3,992 25,317 
., , 996 321-,469 

6 : 1 36 :12 

5 :2 45:9 

·-

13 . 42 12.54 

7.00 11 . 59 

1 7 

3 15 

0) 
O'\ . 
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(i) "Corrected. Average" is ~he adjusted. roster derived from "Corrected 

Average" data using the NE'rT : 100 decisio;1 rule . 

(ii) Co~mittee refers to the Wool Auction Sale3 Committee roster for 1971/72. 

Table 3 . 6 gives a useful indicatio;1 of the extent to which performance 

pa.rameters can vary vri thin centres, for rosters which are not vastly differ-

ent in overall performance . The apparent reversals for Dunedin and Inver-

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 . 

'i'~1is suall change in format, early in the roster, significantly effected the 

pe~formo..nce 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 operation of the system . When a sale 

is rostered in a centre over 25% of that centres total season ar.civals may be 

i:'lvolved . Consequently shifts in the timing of the sale, by only a few days, 

·,•r." 11 radically change the performance parameters of that centre; especially 
·t . 

the pre- sale storage and bales held over parameters . Because significant 

shifts in the rost ering format occurs between different rosters, the within 

cei'ltre performances are rather unstable. 

3.7 Summary 

Insofar as the perfor:nance 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 

b·::: generated . Control of the rostering format through the single/double 

decision procedure could perhaps be improved to give finer control of the 

roster f orma t produced by the programme . Such improvements could include 

different decision rules for individual centres, and, varying degrees of 
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( 1 6 i1'.lpos ition of the rule, through the NETT variable) at different times 

of the season . 

Variability in performance parameter values for individual centres 

has undesirable connotations in terms of long term planning for storage fac -

Eities etc . However, the study was aimed at the system as a who l e, with 

w~re emphasis on total system performance than on individual centre perform-

ai1ces . In attempting to improve total system performance , the programme 

tends to improve all individual centre performances also . Individual centre 

performances would probably average out satisfactorily if runs over a wide 

railge 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 

v111.ich the final roster can be derived. Secondly , it alloNs the measurement 

of some hitherto unmeasured perfor~ance parameters . 

The results obtained indicate that better rosters may be formulated , 

(in terms of the performance para~eters of the model ), if more doubl e sales 

NE,::-e rostered, ( than were rostered by the Vlool Auct ion Sales Committee) . 

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

proportion of double sales for the 1972/73 season . 17 

16 . The meaning of "Nt:TT " 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. 

·t · 
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CHAPrER Dl 

EXPERHIBNTATION WITH THE MODEL 

4 .1 1'he Purpose of Experimentation : Data Used 

In Chapter I it was pointed out that the system under s tudy is under­

go:'..ng change . Proposals effecting the wool auction system need to be care­

fully evaluated, in ter;ns of perfor;nance of the system, before being irnple-

m2nt ed . It was argued that measurement of performance of the system , under 

v:1.cying conditions and. structures of the system . can be achieved by experi­

me~ting with a model of the system, in lieu of experimentation with the real 

'.'rorld problem . The roster problem is a sub- sys t em of the wool auction 

war:(eting system . Experimentation with a model of this sub- system, and 

~easuring the perfor;nance of the sub- system under various experimental con­

Q~tions, provides useful info~mation for management to evaluate proposed 

ch~nges to the system . Consequently, the simulation model of the roster 

problera was formulated with sufficient flexibility to carry out experimentation. 

The extent of this flexibility is indicated in the model development sections 

of Chapter III (S ections 3. 2 to 3.5) . 

Ex11<:)rimentation in this Chapt er is aimed at evaluating the performance 

of the roster for the following changes to the marketing system : 

i. an increased rate of sale of wool at auction, (Section 4.2) 
. . 

ii. 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 4.4) 

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 n~mber of auction centres, (Section 4.7) · 



vii . an even rate of sale of wool (consistent quantitative 

offerings on a weekly , monthly, or quarterly basis), 

(Section 4- . 8). 
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The reasons behind these proposals are presented in the sections 

ioii cated 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 . 

Ifo:,t of this experimentation is carried out on a ceterus paribus basis, 

i.e . it is assumed that parametric variation of one restriction does not eI!ec 

other r es trictions . Obviously this is an unrealistic assumption . HoNever , 

in isolating the effects of each r estriction independently, insight is gained 

into the l i ke ly performance of the system if restrictions vary together . For 

ex:1mple , the sale size limits can be varied. independently of the between sale 

vri';;hin centre restriction; then the between sale within centre restrictions 

.•
0lently of the sale size limits . On studying the effect of these 

restric"tion variat i ons independently, insight should be gleaned as .to how the 

restrictions would react together . It will be seen. that the results obtained 

for these restrictions vari ed individually are used to base hypotheses for 

experiment iii . on, (where both restrictions are varied simultaneously) . 

The bulk of the experimental runs used the NETT : 0 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 

so is because of the time that would be required to alter and re-run the 

experimental rosters ( a total of eighty five programme rosters were obta ined 

in this Chapter at¾ 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 differences 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 4- . 10 the sensitivity of performance parameter 

t:::cnds to·changes in the.single/double decision procedure ( see Section 3 . 5 . 4-) 

v,:.,,:; looked at . 

Inconsistencies in the performance parameter values for some rosters 

a/·,; a.p:p.:i.rent throughout the exper iment at ion . The reasons for , and consequence3 

o~ the se inconsistenci es are discussed in Section 4- . 11 . 

4- . 1 . 1 Experimental Year Data 

The in- to- store arrivals data used for experimentat i on was an unwei ghted 

average of the weekly arrivals for each centre, for the most recent three 

seasons for which data was available . At thi s stage these seasons wer e : 

1967/68 

1968/69 

1969/70 

1his data is conta ined in Appeniix B6 . The reasons that such data was ta.ken 

ars : 

i. averaging out three years data decreases the influence of 

sea0onal fluctuations so the data is more representative 

of the system over time, 

ii . use of the most recent seasons data gives greater realism, 

in ter ms of now and the futur e, ( i nsofar as i t can be s een) . 

The season used for the experimental year covered t he usual period of 

297 days from 5th September t o t he 28t h J une . 

Infeasible days wer e : 

i . Saturdays and Sundays 

i-L. 31 st Oct ober - Labour Day 

iii . 21 s t December to the 7th J anuary 

iv . 1s t Monday i n April 

v. 1st Monday in June . 

Christmas break 

V:-1.l-.1es of some of the restrictive variables were varied around their 



p~esent day values. 

III this is indicated. 

92. 

,. 
Where these values do vary from those given in Chapter 

4- . ~ L1creasing the Rate of S:::i,le of Wool at Auction 

The rosters derived in Chapter III showed that sale size limits were 

effect ively limiting the rate at which wobl could pass through the market -

i :16 chain . '.i:he result of this restriction was detrimental to both the pre-

S 0.!.J.,~ storage and bal,3s held over perfor::nance para.meters . Furthermore upper 

l:'_mits on sale sizes req·.1ires 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-

scnted in small lot sizes . P~irse and Beggs (7) concluded that small lots 

shmr a ci iscount when sold at auction ; it would.. appear advantageous to amal­

g~~ate small lots into larger lots . In the next section it is shown that 

a.r:ialgamating small lots will generally increase the rate of sale of v10ol at 

auct ion . 

Hypotheses on the effect on the performance parameters of progressively 

inc~eas ing the sale size limits are : 

Hypothes is A : 

P.ce- sale wool storage will decrease initially as the upper sale size 

li~its become less restrictive, but eventually storage will rise 

again as the lower sale s ize 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 phas e less bales (in number) 

nill be held over but those bales tha t are held will be in store 

for a long time ( due to lo~er sale size limits), and the weighted 

measure of bales held over will probably level or increase (notice­

ab~e mainly in the small er ce~tres) . 

Hypothesis C 

The total number of sales will progress ively decrease with single 

snlG.'3 becoming mor e predominant . 

Be ca:ise of more wool being sold per sale, less total sales will result. 

The loYer sale size restriction for double sales will become too high for 

double sales to be held in many centres . 

Hypothesis D 

The average evaluat ion period (clos ing to sale date period) will 

decrease as sale size limits increase . 

Sale size limits will tend to dominate the between sale within centre 

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

This will lower the average evaluation period. 

4 . ~. 1 l',!eans of Var,1ing Sales Size Limits 

Uncler the present wool auction system, sale size limits are directly 

relG.ted to the rate of sale of lots, and, the aver age lot size offered at 

auction . As indicated in Section 3.3.1 the relationship, after some adjust-

ment , yields sale size limitr,.,of : 

20,000 bales minimum for single sales 

28,000 bales maximum for single sales 

40,000 bales minimum for double sales 

50,000 bales maximum for double sales 

Asf>uming 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 

t he sale size limits are available . These means involve ch~nging the average 



94- . 

lo~: size of wool offered . Chang.i.ng the average lot size coul d be effected by : 

i . an across the board increase in lot sizes, i . e . a shift in the 

,r.stribution of lot sizes to a higher- level. 

ii. raising the minimum lot size permitted, everything else 

remaining equal . 

The disadvantage in raising the minimum lot size permitted is that some 

;woducers v1ill not be able to retain the identity of their wool. This should not, 

horrnver, be greatly to their disadvantage unless they have a very distinct wool 

ty:pe Vlhich they produce in small qu.aYJ.tities . Raising the minimum lot size per­

m~tted has advantages to brokers in greater ease of processing, setting up, and 

c~tegorising \'lOol for auction . These same advantages would acc~ue to the wool 

br:.1cers with an across the board increase in lot si.zes , but to a lesser extent . 

A. study by Peirse and Beggs (7) showed that a high proportion of auction-

ing time is taken up in selling small lots . Almost 50% of the auctioning time 

is tai-::en to sell about 20/o of the bales offered; these are the bales in the 

~ - 6 lot size category . Some simple calculations based on the findings of 

Pe:_cse and Beggs show that restrict :lng lot sizes to a low minimum value has a 

c0nsiderable effect on the average lot size . 

TfiINnmrn LOT SIZES A.TlrD SALE SIZE LIMITS 

r,Iinimillll Aver age Percentage Increase I Lot Size Lot Size i n Sale Size Limits 
( bales ) (bales ) 

1:£ ~ 1·) 0 

6:t, 11.35 13.5 

r 12.07 20.7 

8 12. 8 28 

9 13.6 36 
?!:! 

10 14-.4-5 4-4-.5 

11 15.4- 54-

12 16.2 62 

15:£ 18.73 87 .3 

x calculated from Table 1.2. 
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Tbe calculated (asterisk) values in Table 4 .1 above indicated a linear 

relationship between minirµum· lot sizes and percentage increases i n the average 

lo·c size. Interpolation was used to estimate the cor respondi ng av erage lot siz e 

-,,,,l:.1es for minimum lot sizes of 8, 9, 11 and 12 bale3 . The percentage i ncr ease 

i~1 sale size limits values are assumed to be the same as the corre .3ponding per­

centage increases in average l ots sizes, fo r varying mini mum l ot s i zes . 

In order for the above argument, and estimati ons in Table l+.1 , t o be 

realistic tvro assumptions must be made : 

i. that the ~961+/65 data of Pei rse and Beggs (Table 1.2 i s applicabl e today, 

ii . that imposing the various minimum l ot sizes does not alter the d i s tribut­

ion of lot siz es above the minimum val ue . 

Tc1e first assumption is probably a realist ic one as wool br okers still aim to 

average ten bale lot size offerings . The second assumpti on i s not so r ealistic. 

I·." minimum sizes of lots were enforced it is likely that the di strib.ition of 

lot sizes Vlould shift back to some extent . Consequently the aver age lot s i ze 

r::.iG:::tt be lo·ner than that estimated . This could be overcome by enforc ing some 

m::.niwum lot size value and asking broker s to work for some average lot s ize 

corresponding to the estimates given in Table 4 .1. 

A::; ~;-.u:cing the producer is not har;nf'ully effected by impos i ng a minimum l ot 

size restrictio~ on wool sold at auction, and the br oker benefits , then the buyer 

m,.1;st be considered . Is the buyer f or, agai nst, or in<'l ifferent, a s to the average 

and distri bution of l ot s iz es at auct ion? Buy er s would only be against impo sing 

a minimum lot s iz e if they bought small quantities in total or small quantities 

of a wide r ange of wool types . Buyers that operate in either of these two ways 

could purchase by private treaty from wool stores , or producers . 

The impl ementation of a minimum lot size scheme would appear to find most 

oppos ition from thos e growers who reap, or believe they reap, benefit from wool 

price fluctuations at auction. On a national basis, however, the study by Peirs e 

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

i f the very small and very large lots were removed. Peirse and Beggs state: 

i . 
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"It has been shown that ~mall lots and some very l arge lots show a 
psrceptible discount whec1 sold at auction . Any measures that can be 
taken to reduce the proportion of lots sold in these categories should1 be helpful to growers and would tend to me et buyers current reques t s ." 

F-~o~ the conclusions of Pei rse and Beggs it appears that imposing a mini.mum 

lot size would be advantageous . 

1.;. . 2. 2 Varying Sale Size Limits : Results and Conclusio~s 

Roi,ters vrere obtained for sale size limit increases of afo, 1 afo, 2afo . 30%, 

40;\ 5o,1o, and 6afo on the limits used in Chapte1~ III ( given in prev.ious section2) . 

Table 4 .1 indicates values for minimum lot sizes which would give the se increases 

in the sale s ize limits (approximately) . No changes in any other restrictions 

wece made . The results obtained for progra...une rosters are giv en in Table 4 . 2 below . 

TABL3 l;..2 PA .... lt.AMETRIC VARIATION OF SALE SIZS LIMITS 

I Perfor:::iance PERCE:IJTAS-E INCREASE I N SALE SIZE LIMITS 

Para;:;eter 0 10 20 30 40 50 60 

?re- Sale Storage 
(

1 000 bale- days) 

I ;.21 Centres 511- , 066 49 ,040 47,730 48,290 47,987 47,577 49,523 

I I\ipier 14,533 9, 633 9,170 9, 658 8,393 8,478 7,754 
Ti:,1aru 2, 806 3, 948 3,900 4 , 877 4,731 4, 821 4,792 

I Bales Held Over 
( 

1 OOO bale- days ) 

All Centres 20,289 1 l1-, 678 12, 942 14, 132 10, 867 11,420 9,931 

Napier 6,309 4,762 4,032 5,915 3,108 2,976 2,126 

Timar-u 543 688 670 360 296 340 219 

Si ngle :Double 

,\.11 Centres 23 :1 6 23 : 14 25: 11 32 :5 28 : 6 30:4 27:4 

rapier 1 :4 1 :4 2:3 5: 1 3:2 3:2 2:2 

Timaru 4: :0 3:0 3:0 2:0 2:0 2:0 2:0 

Average Evaluat -
ion Period ( days) 

All Centres 10. 58 9 . 21 9.41 9 .1 0 8 .41 8. 29 8.19 

Napier 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 s.oo 9.00 

1 • 
2. 

Source : Peirse and Beggs (7) p.12 
Sale size limits are increase~ by tne percentage indicated and corrected to 
the nearest thousand bales. 
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The results summarised in Table 4 . 2 above support, in mos t instances , 

the hypotheses put forvrard in Section 4 . 2 . 

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

ti1en i:'.lcrease, as the sale size limits increase . The results obtained support 

this hypothes is; stor age appear.s to be lowest when sale sizes are increased by 

20 - 50% . Larger centres ( e . g . Napier) benefit from larger sale size limits 

(i:'1 terms of stor age) wher eas smaller centres (e . g . Timaru) are adversely effected . 

Hypothesis B, that bales held over would init i ally decrease and then l evel 

or increase, as sale size limits are increased, is partially supported by the 

re.sults . The results indicate that bales held over decreased significantly 

for small increas es 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 6ofo increases in sale size l imi ts to reach i t . 

5'..lrthermore both large and small centres benefitted i n terms of this perfor mance 

ns.rar:1eter . It appears that it is the number of bales held over , rather than 

tje period they are held over , tha t is the more important determinant of this 

)e~forrr:ance measure . This obse1·v,.ition is important as it makes this measure 

cf 1~he performance parameter of more relevance to wool brokers ( see Section 3 .4 . 2 ). 

T½e results support Hypothesis C in that the single : double sales ratio 

increases, r1hile the total number of auction days decreases ( taking one double 

sale as being equivalent to two auction days) , as the sale size l imits a r e 

r a ised . For large centres the ef fec t s a r e more pronounced tha n for smaller 

centres where double sales a r e infr equently hel d anyway . 

Hypot hesis Dis not d i sproved ; the r esults show a f a irly cons istant 

decline in the aver age eval uat ion p eriod when s ale size limits are rais ed . 

Tr.e effect is more pronounced i n l arger centres due to· the upper s a le size 

limits becoming l ess restrictive (actively) when raised . When the sale size 

rostered i s l ess t han t he relevant upper size limit, the deci sion process des­

cribed 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 appear3 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

r::ore, significant changes in S!3-le size limits could be achieved without seriously 

effecting the system by means of a minimum lot size constraint . Table 4 . 1 

indicates that the value of this minimum lot size constraint does not have to 

be large to produce significant increases in the sale s i ze l imits . 

4 . 3 Alteration of r.rool Handling Rates in Wool Stores 

The effects on the roster of increased or decreased handling rates in 

i'iOOl 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 

fro:n sale by sample and dense baling , or , reductions in the proportions of woo l 

binned and reclassed . Lower handl ing rates would result if ov ertime work i n 

':rool stores was abolished . 

One reason the between sale within centre restrictions a r e 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 cent r e restr ict ions) 

vrill increas e . This relatiohship between these constr ai nts is studied in 

Section 4 . 4 . 

Hypotheses on the performance. of the system for varying between sal e 

vrithin centre restriction valu es (other r estrictions remaining at the levels 

given in Chapter III ) are : 

Hypothesis A: 

Pre- sale wool storage will increase as the between sale with in 

centre r estr ictions increase . This effect will be more noticeable 

in larger centres . 

Hypothes i s 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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distinctly . 

Hypothesis C: 

Sale numbers will decrease with double sales becoming mo re 

predominant as the between sale within centre r estrictions 

increase . 

Hy1)othesis D: 

The average evaluation periodwill increase as the between sale 

within centre restrictions increase . 

4 . 3 . 1 r.:eans of Varying Handling Rates 

Simulated changes in handling r ates were achieved by making percentage 

changes to the between sale wit hin centre r estrictions (hereinafter r eferred 

to as the time limits) . The changes made were decr eases of 1o,1o and 20/o, no 

change, and increases of 10:/o and 2o;1a , on the values given for these cons traints 

in Section 3 . 3 . 2 . 3 

Results for decreases in the time limits are useful as an indication 

o:' how the roster may perform if sale by sampl e and dense baling was intro:luced, 

or, less binning an:1 r eclass i ng occurred , 

maintain consistency., 

Percentage decreases wer e made to 

Increases in the time limits are of relevance to Section 4.4 where exper­

imentation involving changes in both sal e s ize limits and time limits i s 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 : Result s and Conclus ions 

Ros t ers were obtained for time limit variations of -2Cffo, -1 Cffo , Cffo, +1Cf}b, 

+2Cffo of their present values (see Section .3.}.2); 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. 

..~ ' RY 
MASS Y N1V i;:1S TY. 
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TABLE L~ . 3 PARA.METRIC V.AJl.IATION OF BETHEEN SALE WI THIN CENTRE RESTRICTIONS 

.---------------,~-----------·----------------. 
Perfor::1:1nce PER.CENTAG-E CHA.1'-JGE IN TIME LIMITS I 

I 

PE:c'ameter - 20 - 10 0 +10 +20 

I ?re- Sale Stor age 
( 1 0JO bale- days ) I I 
All centres 43, 10+ 53, 836 54, 0h6 59,300 68,479 

?>~a pier 1 o, 358 12,1 88 11 , 583 14,552 17,267 
TirJ.:1ru 2,914 4,214 2,806 4,049 4, 937 

Bales.Hel d Over 
( ' OOO bale- days) 

All Centr es 15,095 17, 694 20,289 26, 1 71 28,915 

ifapier 6,221 7,440 6,309 9,674 11 , 009 
Tirnaru 559 30L~ 543 256 159 

I 

Single :Double Sales 

1Ul Centre s 32 : 13 23 :16 23 :16 25 :15 14 :20 

i1~apier 3 :3 2 :4 1 :4 2:4 1 :4 
r;:'imar u 4 :0 3 :0 4 :0 3 :0 1 : 1 

~verage Evaluat ion 
Per iod ( days) 

All Centres 9.48 10 . 51 10 .58 1 o. 72 10 . 35 
:~a pi er 12 .50 12 .33 13.60 13 . 00 13 . 60 

i 

n · 
.L ir;i arJ. 9. 00 10.33 8. 50 10 . 33 9 .00 I 

Table 4 .3 above indicates that the re sults obtained support the hypotheses 

made in Section 4 .3. Pre- sale stor age and bales held over increase as the time 

limits increase . The reason for this is that wool (new arrivals and bales held 

over) must await sale for longer periods . Percentage increases in the time 

limits represent exponential absolute increases . So it may be expected that 

storage and bales held over would increase 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 

i.3 fairly consistent ( a double sale involves two auction days) . Consequently 

the treni is a direct result of increasing the proportion of double sales . 

The results show the average evaluation period increases as the time 

li~its increase (Hypothesis D) . The reason for this is that the relevant 

upper sale s ize limit is often rea ched well before a sale can be held due to 

the time r estrictions betvreen sales . 

In conclusion it appears that the roster is very sensitive to changes in 

the between sale within centre constraints . In evalui3-ting policies which effect 

t~1ese constraints, the sensitivity of the roster's performance parameters to 

i.;Dese coi1straints must be borne in mind . 

4.4 Sinul taneous Variat ion of Both Sale Size Limits and Handling Rates 

'.:211e ai m of this experimentation was to indicate trends in the performance 

parameter s of the r oster when both the sale size restrictions and the between 

sale v:i thin centre restrictions were varied together from their present values 

(see Sections 3. 3. 1 and 3. 3. 2) . Earlier in this Chapter the point was made 

that restrictions are not iniependent; changes to one restriction are likely 

to cause changes to another . , It is important to know how, and to what extent., 

the0e simultaneous changes may effect the performance of the roster before 

introducing such a change to the auction system . 

Experimentation involv ed obtaining rosters for increases in the sale 

size limits when the between sale within centre restrictions were lower and 

higher than their present v.alues . 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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TA.3LS 4.4 TRENDS I N PERFORMANCE PARAMETER VALUES 

Change s in Restrictions from Present Values( 2 ) 
Perfor;nance 

Pa:.:ameter IncJ~easing Decreasinf,) Increasing 
Sale Siz•-) Limits Time Limits 1 Time Limits (1) 

Pre - Sale Storage Decrease then De:::rease Increase 
Increase 

Bales He l d Over Decrease Decrease Increase 

S:~ngle :Double 
Increase Increase Decrease Sales 

Aver age Evaluat - Decrease Decrease Incr ease ion Period 

(1) time limits refer to the between sale within centre restric t ions 

(2) present values refers to those values given in Chapter III (Sections 3.3.1 
a!1d 3 • 3 • 2 ) • 

Table 4 .4 above shows that combining increases in sale size limits with 

inc-c·eases , or de creases in the between sale within centre restrictions may have 

un~):::-edictable effects on performance parameters in some instances . An example 

o~ this is when both re strictions are increased . Until sale size limits become 

high (6q% iucreases), changing the limits wi ll have opposed effects on all per-

forma~ce par aweters . 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 

ev.J.luation period, and increase the single :double sal es 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. 

4 .1+.1 Means of Vary ing the Selling and Hand.ling Rates Simultaneously 

Achievement of the changes in the restrictions being varied individually 

h~s been dis cus sed in Section 4. 2 and 4. 3. The between sale within centre 

re3trictions 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 si.ze limits, . and 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. For example, the policies could be to introduce a minimum 

lo-;; size policy, in conjunction with sale by sample and dense baling (at 

si gnificant 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 vrhich may prove useful for initial invest­

ig;c,tions into the conseq·,rnnces of introducing new policies . However, the 

I'·~ s-,Jlts obtained are indicative of likely trends only and should not be used for 

qu'.l:1.titative evaluations . 

4 .1~. 2 Varying Sale Size Limits and Handling Rates : Results and Conclusions 

The experimental block was a matrix of rosters for all combinations of 

0/o , 10--Jo , 2Cf/o, 3o%, 4o%, 5ofo, and 6ofo increases in the sale size limits from 

ti1eir pre sent va lues (see Section 3 . 3 . 1) with - 20%, - 10%, ofo, +1Wa, +20/o 

cno,:1.ges in the between sale within centre constraints (for present values see 

Sectio:,i 3 . 3 . 2) . 

T~e results obtained for the runs are summarised in Table 4 .5 below . 



104-. 

TABLE 4.5 PARA!ViETRIC VARIATION OF TWO RESTRICTIONS 

Percentage Increase PERCENTAGE CHANGE IN BETWEEN Sf E WITHIN CE1\fTRE 
in Sale Size CONSTRAINTS (2 

Limits (1) 
- 20 - 10 0 +10 +20 

o-1o ( ) 
Pre - Sale Storag( 3 43, 101+ 53, 836 54,066 59,300 68,479 
Bales Held Over 3) 15,095 17,694 20,239 26, 171 23,915 
Single :Double Sales 32 : 1.) 23 : 16 23 :16 25 :15 14:20 
Average Eva{u}t- • 
ion Period 4 9.48 10 . 51 10 . 58 10 . 72 10.35 

10% 
Pre - Sale Storage 45,122 46,822 49,0!+0 61,027 58,410 
Bales He l d Over 11,72(- 13, 607 11+, 678 22,894 22, 11 6 
Single:Double Sales 28 :12 31 : 10 23 :14 17 :18 20 :16 
Aver age Evaluat - 8. 92 9 . 31 9 . 21 10.31 10 .13 ion Period 

20% I ?re- Sale Storage 43,680 43,989 47,730 52+,215 58,021 
Bales Held Over 1 o, 720 1 o, 779 12, 942 16,891 19,735 
Single :Double Sales 3!+:6 29:9 25 :1 1 21 : 13 20 : 13 
Average Evaluat - 8. 62 8. 39 9 .41 10.02 10.03 ion Period 

3CJ/o 
Pre- Sale Storage 44, 73!+ 45,933 48,290 51,427 54,859 
Bales Held Over 11 , 150 1 o, 973 111-, 132 12,451 11+-, 765 
Single :Double Sales 34 :4 31 :6 32:5 25 :8 22 :9 
Average Evaluat- 8.44 8. 81 9 .10 8. 63 8 . 67 ion Period 

4Cf/o 
Pre- Sale Storage 44,671 45,857 47, 987 50,239 53, 494 
Bal~s Held Over 1 o, 356 9,331 1 o, 867 11, 1 67 13,596 
S::.ngle :D0uble Sales 31 :5 28 :6 28:6 27 : 6 22:9 
Average Evaluat- 8.19 8. 05 8.41 8.48 8.45 ion Period 

5o% 
Pr8- Sale Storage 46, r;w 46, 75!1- 47,577 52,535 52,568 
Bales Held Over 9,818 9,316 11,420 12,603 111-, 197 
Single :Double Sales 30:4 30:4 30 :11- 25:6 26:5 
Average Evaluat- 8. 08 8.08 8. 29 8. 32 8.87 ior... Period 

60,% 
Pre-·Sale Storage 49~857 48,245 49,523 49,273 52,210 
Bales Held Over 9,523 9,954 9,931 10,923 11,577 
Single :Double Sales 28:3 29:3 27:4 28:3 24:6 
Av erage Evaluat-

7.90 7 .81 8.19 8.03 8.40 ion Period 



I A ) 
~ I Increased from limit3 given iu Section 3.3.1 

(2) Increased from values given in Section 3 .3 .2 

(3) units ,- thousand bale-days 

(1~) units - days 
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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 

reBtrictions 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 restricting the rate of sale of wool, (on 

s~y a monthly basis), than do the between sale within centre reBtrictions . So 

a:tering the between sale within centre restrictions has little effect on the 

p,3rformance of the roster , in terms of pre-sale storage . Looking down the tq.ble 

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 between sale within centre restrictions, (-1 o,%, o% 

and +1o%), 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 r EeStrictions 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 a~y set of sale size limits, bales held over tend to increase as the between 

sale within centre limits increase . The ~ate of this increase is much less f or 

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 s i ze 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 betvaen S[lle within ce:1.tre :.~estrictlons . Looking 

do-,m Table 4.5 it is s0e11 that the extent of bales held over decreases as the 

sale size limits are raised . The extent of this decrease is greatest for high 

bebeen 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 ~cle within centre re3trictions are high . Consequently, the rate of decline 

-i_r1 bale3 held over, when sale size limits · increase, is greater when the between 

sa.le within centre restrictions are set at higher levels . 

Looking across Table 4. 5, the sinGle :double sales ratio decreases as the 

between sale within centre restrictions increase . The reason for this is that 

ti.1e larger the restriction the more likely it is tha t enough wool will be avail­

able for a double sale . Naturally this tendency weakens wnen the sale size 

liJJ::.ts 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 

s ,~1e within centre restrictions . This is expected as the same Nool arrivals 

Sale size limits are rising so the total da~~ is being used for each rQn . 

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 restr ictions . 

The average evaluation period increases across, and decreases do-nn , 

Table 4.5. The crosswise increase is due to the upper sale size limit s being 

r c~ched befor e the between sale within centre restrictions are fulfilled , wher eas 

the downward decrease is du e t o incr easing upper sale siz e l imit s . 

Study of the diagonal s in Table 4. 5 shows the per f ormanc e parameter 

changes correspond with predictions emb odied i n Tabl e 4.4 (Section 4 .4) . 

Dow.nward , left to right, diagonal s in Table 4. 5 combine i ncreasing sale size 

limits with increasing b etween sale withi n centre restr ictions •4 Downward, 

right t o l eft, diagonals gi ve results for increasing sale siz e l imits and 

decr easing between sale within centre r estri ctions . The downward , left to 

4. These di agonals indicate likely shifts in performance pa r ameter values if a 
m i.11imum lot s ize s cheme was int roduced . Th e .mos t relevant of these diagonals 
( in this context) is the one starting at (15/o change in the between sale within 
centre restrictions . 
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r-ib:1t, diagonals indicate that the sale size restrictions tend to dominate 

t :1e between sale within centre restrictions in their effects on the perform-

ance parameters for the experiments carried out . The dominance is not corn-

plete but appears significant neverthele ss . The downward , right to left 

diagonals show that the complementary effects expected (see Table 4.4), hold 

foe 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 para~eter. 

In conclusion, the complementary effects hypothesised for changing 

levels of the restrictions (in their effects on performance parameters) are 

supported by the experimental results. Where the effects of the two restrict-

ions are opposed, the sale size limit restrictions tend to dominate the between 

s ~le within centre r estrictions. 

4. 5 Increasing Only the Upper Sale Size Limits 

Increasing the upper sale size limits on a percentage basis , yet leav­

i~g 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 

tban if the increases apply over all limits . 

The effect of increasing the upper sale size limits should be favour­

a~le to all centres, with regard to pre-sale wool storage and bales held over . 

LefJ.ser centres, such as Timaru and V/anganui, should not be disfavoured as they 

were when lo·Ner 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, . 



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 . 
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\'fool brokers would pro.bably favour means i. mo:::-e than ii. whereas 
t 

the preferences of wool buyers would probably be in the reverse order . 

Achievement of the limit changes seems unlikely in view of the prefere~ces 

·:rhich have led to the present auction procedure . However, it is worthwnile 

experimenting with expanded sale size limits to see what effect the expansion 

i :3 likely to have on the performance parameters of the model. 

!J. . 5. 2 Re.3;.1lts for the Expansio~ of Sale Size Limits 

The results for increases in the upper sale size limits of 1o%, 2o;1o, 

3o%. ~~d 40% 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 . 

TARLE 4. 6 PARAJAEl'RI C INCREASES IN Till UPPER SA15 SIZE LIMITS ONLY 

Performance PErt.CENTAGE INCREASE IN UPPER SALE SIZE LIMI'rS 

Parameter 0 10 20 30 40 

Pre- Sale Storage 
( ' OOO bale- days) 

54,066 48,514 46,207 42,193 40,838 

Bales Held Over 
('OOO bale-days) 

20,289 13,959 12,193 10,746 10,080 

Single :Double Sales 23 :1 6 23:15 24:14 31: 9 53:8 

Average Evaluation 
Period (days) 10.58 9 .15 8.44. ·8.45 8.04 

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

5ft 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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dcc;:-eased with parametric increases in the upper sale size limits . The r ate 

of 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 

limlt of single sales takes this limit bcyoni the lower limit of double sales . 

At 40fo increases the difference between the upper sing1e and lower double sale 

size limits is only 1, 000 bales . 

Experimental res'.llts in Table 4 . 6 show that the extent of the reduction 

in pre- sale storage for a 1o% increase in upper sale size limits i s very signif­

ica~t, (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 

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 limi t approaches the lower double sale limit in the 

experimentation . The average evaluat i on 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 wlth minimal evaluation periods . 

In conclusion it appears that any expansion in the feasible r ange of sale 

sizes is likely to be beneficial in terms of pre-sale storage and bales held over . 

Thi s opinion was supported by the finding that the sale size limits tend to be 

dorainant constraints on the system (see Section 4 . 4- . 2). 

4. 6 ' Monday Sales 

The two teams of wool buyers are based mainly in Wellington and Christ-

church. ' Monday ' sales, (first f easible day of week sales) , i n centres other 

than Wellington and Christchurch, usually mean that buyer s must s p end part, or 

all, of weekends or holidays before t he sale, away from home . Consequently, 

t hey disfavour such sales . In Chapter III the rosters were adjusted to reduce 

the incidence of ' Monday ' sales wh~r<Jver possible . Thi s means of adjustment 
. . 

was used, rather than making 1 Monday ' sal es infeasible days in the programme, 

due t o the r esults obt ained in this section. 
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l+.iS .1 Results of Runs 

Three estimates of performance par~~eters were made for three programme 

runs . These runs comprised : 

1. all ' Moniays ' infeas ible, 

2. all 1Moniays 1 other than in We llington and Christchurch 

infeasible, 

3 . hand correction of the run with all ' Mondays ' feasible. 

The results obtained are swnmarised below in Table 4.7. 

TABLE 4 .7 THE RESULTS OF RUNS WITH VARYING RESTIRCTTONS 0~ ' MONDAY ' SALES 

Run ' Mo:1.day ' Sales Pre-Sale Bales Single : Av. Evaluat-

Number Wool Hel·l Double ion Period 
Welling- Christ- Total Storage + Over + Sales ( days ) 

ton chu.r ch Other 
Centres 

1 0 0 0 64, 422 25: }38 15 :20 11 .48 

2 3. 5 0 62 , 591 24,465 22: 16 11.36 

3(a) 3 l+ 20 5~-,066 20, 289 23: 16 10 .58 

(b) 0 0 6 52, 931+ 22 ,1 83 23: 16"' 11 .os"" 

3( a ) above is for the programme roster 

3(b) above i s for ad j us tments to 3(a) to decrease ' Monday ' sales and to 

ro ster unsold bales for sale (see Section 3.6~2). 

+ 'OOO bale-days 

~ corrected only for 'Monday' sale day changes. 

From the results in Table 4.7 above it can be seen that prohibiting 

1 IA::inday 1 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, 

coCTpared 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. 

performance parameter values. 

This causes the observed changes in 
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4 .7 Reducing the Number of Auction Ce~tres. 

The1'.'e has been some con.sideration givet;1 to phasing out various centres 

and. having their wool transported to, and. sold at, other centres . A run was 

p·~:-formed. in which it was assumed that the \'/anganui wool was sold at Wellington, 

and the Timaru wool at Christcburch ; Wanganui and Timaru being the least import-

ant centres insofar as total seasonal wool arrivals are concerned. The main 

arG~~ent for phasing out smaller centres lies in the long term economics of 

pro-riding storage and processing facilities at wool stores . 

4 . 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) . 

PERFORMA1'TCE \'!ITH L~SS CENTRES 

PZBJi'ORl.ffi.1"\J"CE PARAMEl'ER RUN 1 RUN 2 

Pre- Sale \'fool Storage ( ' OOO bale-days) 5l;. ,066 66 ,498 

Bales Held Over ( i OOO bale-days) 20,289 37,180 

Single : Double Sales 23:16 15 :20 

Average Evaluation Period (days ) 10 . 48 12 .31 

Storage Christchurch ( ' OOO bale- days) 7,880 14,146 

Storage Timaru ( 
1 OOO bale- days) 2,806 0 

Storage Wellington ( 
1 OOO bale- days) 5,624 16,670 

Storage Wanganui ( i OOO bal~- days) 6 , 071 0 

From Table 4 .8 it can be seen that reducing the number of centres lowers 

the single to double sales ratio, and increases pre~sale wool storage and bales 

held over to a considerable extent. The reason for these r esult s appears to 

be due to exponential increases in storage and. bales held over, with increas-

ine arrivals, in a centre. A 4($ increase in arrivals at Christchurch prac-
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tically doubled storage of wool there; a 7gfo increase in arrivals at Welling­

ton tripled storage in that centre . 

In terms of the performance parameters of the model it appears undesir-

able to reduce t he number of selling centres . Before such a policy coOld be 

implemented, the short term econo~ic implications of the model's performance 

p~rameters would have to be weighed against the long term economies involved 

in reducing the number of centres. 

The results obta ined assume unchanging restrictions on the system. If 

the combination of centres could be achieved with reductions in the between 

s~le wi thin centre restrictions, then the situatio~ could be somewhat different. 

~~:::...:, ne·11 situation would only result if enlarged centres showed great time 

economi es in terms of wool handling. 

4 . 8 An Even Rate of Sale of Wool 

In considering the demand for wool at auction, an even r at e of sale of 

v,ool (per week, per month or per quarter) appears conceptually advantageous . 

The extent of this advant age depends on the price elasticity of demand for 

wv ,l a t auction; the lower the elasticity the greater the advantage . In 

Section 2.1.4 it was propo s ed that the demand for wool could not be included 

as a f actor 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 

6 
only were rostered. In so doing, it was expected that wool sales would be 

rostered in each centre in a cyclical pattern. Thi~ cyclical pattern would 

probably result in a fairly even selling density (say on 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 single sales were expected to show 

increases in pre- sale storage and bales held over (especially), and a higher 

average evaluation perioi . Only sin6le sales would be rostered but probably 

le3s auction days would be involved, as most of the sales would be of 28,000 

'oales . 7 

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

'i'able 4- . 9 below gives the performance parameter values for the ru.."l with 

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

TA.31:S 4- .9 RESULTS .FDR A MORE ZVEN MONTHLY SALE RATE · 

Performance Parameter All Single Sales Single & Double 
Sales 

Pre- Sale Storage ( ' OOO bale- days) 61,014 54-, 066 

nales Held Over ('OOO bale- days) 34,742 20,289 

Single :Double Sales Ratio 51 :0 23 :1 6 

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 rosteri ng 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 ar e 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 i s due to th e upper single sale s iz e limit being 

reached before the between sale time constraints are fulfilled. 

Les3 auction days were involv ed in the all single sales roster ( see 

Table 4.9). The average sale size for the single sales roster was 26,160 

ba1.,::)S whereas the normal r oster sold an aver age of 24,420 bales per auction 

da,/ .. 

The degree to which an even r ate of sale was achieved by rostering all . 
single sales i s indicated in Figure 4.1 below. 
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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 yea:r 

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. 

Experime!'ltation with Different 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-

lon and increased private selling . Consequently, the data used for this 

experimentation was the "Neighted Average" data set (see Section 3 . 2 . 1) for 

vrool arrivals; this data beirig 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 4 .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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TABLE 4 .1 0 RESULTS FOR DIFFERENT WOOL ARRIVALS ESTIMATES 

Normal Sale Size Limits and Varying Between Sale Within Centre Constraints 

Performance Percentage Change in Between Sale Within Centre 
· Cohstraints 

Parameter 
-20 -1 0 0 +10 +20 

Pre- Sale Storage 1 43,104 53, 836 54,066 59,300 68,479 
( ' JOO bale- days) 2 41, 131 49,665 52,082 5.3,418 62,233 

Bales Hel d Over 1 15,095 17, 694 20 ,289 26,171 28,915 

( ' OOO bale- days ) 2 12, 701 15 ~742 18,233 20,967 ~ ,S, 281 

Single :Double Sales 1 32 :1 3 23: 16 23:16 25 :15 14:20 

2 34:10 25 :14 26:13 26 :1 3 18 :17 

Avel'.'age Evaluation 1 9.48 10.51 10.58 10 .72 10.35 

Period ( days) 2 9.70 9 . 94 10 .76 1 o . 89 10 . 82 

Normal Between Sale Within Centre Restrictions and Varying Sale Size Limits 

Performance ' Percentage Increase in Sale Size Limits 

Parameter 0 10 20 30 40 50 60 

Pre- Sale Storage 1 5L~ , 066 49,04.0 47,730 48,290 47,987 47,577 49,523 

( 1 OOO bale-days ) 2 52,082 43,857 43,432 45,768 1+8, 217 46, 031+ 48,936 

I Bales Held Over 1 20,289 14,678 12,942 11+, 132 10, 867 11,420 9,931 

I (' OOO bale-days) 2 18,233 13,136 11 ,_344 1 ·1, 984 9,679 8,502 7,643 

Single :Double Sales1 23 :1 6 23 :14 25 :11 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 .1 9 

Period (days) 2 1 o . 76 9.20 9.31+ 9.69 9.00 8.58 8 .68 

1. :- Experimental Data 

2. :- "Weighted Average" Data 
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T~ble 4 . 10 shows fairly consistent trends in storage for parametric 

changes in sale size and between sale within centre restrictions . The diff-

erence in trends between the two sets of data appears to be i nsignificant . 

It would be expected that minimum storage using the "Weighted Average " data, 

wm.1ld occur at les ser sale size limit l evels, than fo r 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 s ize limits shoul d be raised (to lower pre- sale wool storage). 

At normal between sale within centre restriction values the relevant policy 

suggestion woul d be to increase sale size limits by 2o,1o to 3Cffo, (if expected 

arrivals approximated the "Weight ed Average" estimates ), rather than by 30% to 

40~ as based on the experimental data result s . 

The trends in bales held over, r esulting from parametric changes in sale 

size and between sale within centre restrictions , are cons i stent 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 i s expected due to the lesser quantity of wool involved. 

The single to double sale r atio is higher (in Table 4.10) for comparable 

roster s made on lower wool arrivals estimates. Trends in the ratio remain 

cons istent with 

Section 4.4). 

those established using the experimental year data . (S ee 

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 f'rom 

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 . 

insignificant . 

However, this inverse relationship is probably 

I~1 conclusion it appears that altering the total bales rostered for 

each sale ha s little effect on the performance parameters of the model . 

Trends would appear to remain consistent . Because of this consistency 

in trends for the runs studi ed, and because of computer time restrictions 

runs over other parts of the experimental matrix were not considered nee-

essary . 

Experimentation in this section is significant with regard to policy 

recommendations made on the basis of previous experimentation with the 

mo rlel . The trends in performance parameter values established earli er 

appear insensitive to decreases (6.2%) in wool arrivals for auction . Pol-

icy recommendations would appear to hold over a range of in-to-st ore arrivals 

estimates . 

4 . 10 ~xperimentat i on with the NETT : 100 Decision Rule 

The exper:iJnentation done previously in this Chapter was for the NETT 

8 
: 0 decision rule (see Section 3. 5.4) . In Chapter III (Section 3 . 6.1) it 

was shown t hat exper:iJnentation with varying value s 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 : 100 decision 

rule. The areas of the matrix looked at were the sam·e 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 exper:iJnentation 

8. Raising the value of the single/double decision rule (from NETT : O, 
NETT : 100, ••• ) has the effect of phasing out double sales which were 
marginal with respect to this decision procedure. 
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'Nith the NETT : 100 decision rule . 

these trends were : 

For increases in the sale size limits 

i . pre- cale storage decreases initially then increases , 

ii . 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 wit hin 

centre restr ictions were r aised ( from -2o% of their values) wer e : 

i . 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 experimentation in Section 3 . 6 . 1 can be proposed 

for the NETT : 100 rosters, compared to their NETT : 0 counterparts . The 

hypotheses are that lower pre- sale storage, bales held ov er, 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 ho l d when 

restrictions are varied . 

4 . 10 . 1 Results for NETT : 100 and NETT : 0 Run s 

Tab le 4.11 below gives the resul t s for experiments with NETT 100 

and NET~ 0 runs over part of t he experimental matrix. 
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TABLE 4 . 11 EXPERIMENTAL RESULTS FOR NETT :O AND NETT :1 00 DECISION RULES 

Normal Sale Size Limi ts and Varying BetVTeen Sale Within Centre Restricti ons 

Performance 
Percentage Change in Within Centre Restrictions 

Parameter -20 - 10 0 +10 +20 

Pre- Sale Storage NEI'T :0 43,104 53,836 54, 066 59 ,300 68 ,479 

( ' OOO b ale- days) NETT :100 43 ,104 50,264 49,976 58,780 67,206 

Bales Held Over NETT :O 15,095 17, 694 20,289 26,171 28,915 

( ' OOO bale- days) NETT :1 00 15 , 095 17,287 19,766 26,377 31,362 

Single :Double NETT :O 32 :13 23 :16 23:16 25 :15 14:20 

Sales NETT :100 32:13 25 :15 32:12 27:14 22 :1 6 

Average Eva.1- NE'rT :O 9.48 10. 51 10. 58 10 . 72 10 .35 

uation Per iod NEI'T :100 9.48 9. 80 9. 84 10.87 11 . 28 
(days) 

Normal Between Sal e Within Centre Restrictions and Varying Sal e Size Limits 

Pe~I'ormance Percentage Increase in Sale Size Limits 
Parameter 

0 10 20 30 40 50 60 

Pre- Sale Storage NETT :O 54 , 066 49,040 47 ,730 48, 290 47 , 987 47, 577 49,523 

( ' 000 bale- days ) NETT :1 00 49,976 47, 981 50, 441 48, 290 48 , 055 47,577 50, 355 

Bales Held Over NETT :O 20 , 289 14, 678 12, 942 14, 132 10 , 867 11,420 9, 931 

( ' OOO bale- days ) NETT :100 19,766 16,530 15,487 14,1 32 11,127 11,420 1 o, 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 :O 10 . 58 9 . 21 9.41 9. 10 8 . 41 8 . 29 8 . 19 

uation Per iod NETT :100 9. 84 9 .48 9. 54 9.1 0 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 NETT 

: 0 decision rule are presented and explained . 

The hypotheses made in the previous section, which were based on 

exp erimentation carried out in Section 3 . 6.1, are not all supported by the 

re sults in Table 4.11. The hypo t hesis that the NETT : 100 rosters would 

have higher single : double sales ratios (than their NETT 0 counterparts) 

is supported by the results . Bales held over is greater in many of the NETT 

: 100 runs than expected, as is pre-sale storage and the av erage 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 

which is held over must await sale longer . When a higher proportion of single 

s ales are rostered more bales of wool are likely to be held over. Consequently, 

the bales hel d over perfor mance parameter measure increases, at higher levels of 

the between sal e within centre r estrictions , for the NETT : 100 decision rule 

(which ro sters a higher proportion of single sales than the NETT : 0 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 mor e 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 differences in performance parameter values become less at 

higher levels of the sale size limits (3ofo •••• 6ofo 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 s~pport 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 

ma.~ers with a range of rosters for the season concerned, (see Section 1.5 and 

1.6) . 

4 .11 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 

establishing 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 Bxperimentat­

ion. Consequently, it was felt that non-conforming rosters were merely . . 
fluctuations about the trends, and were unimvortant 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 f or the Wo ol Auction Sales Committee. 

4 . 12 Summary 

The results and observations made in this Chapter are based on a small 

sample of rost ers. 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 swnmarised below. 9 Unless stated 

otherwise (see 2 . below) the trends summarised assume comparisons with the 

roster based on present levels of all restrictions (Section 4.2). 

1. Increasing Sale Size Limits (Section 4.2): 

Pre-sale storage decreases (for 10'/o , •••• 4ofo increases in the limits), 

then increases (40'/o upwards increases in the limits) . 

Bal es he l d over decreases 

Average evaluation period decreases 

Single : double sales ratio increases 

2 . Increasing Between Sale Within Centre Restrictions (Section 4.3): 

(:from -2ofo to +20}1a 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 Section 4.4 are not summarised due to the 
complexity of doing so. 



Average evaluation period decreases 

Single : double sales ratio increases 

4. Prohibiting ' Monday ' Sales (Section 4.6): 

Pre- sale storage increases 

Bales held over increases 

Average evaluation period increases 

Single : double sal es ratio decreases (slightly) 

5. Reducing the Number of Auction Centres (Section 4.7): 

Pre - sal e storage increases 

Bales held over increases 

Average evaluation period increases 

Single : double sales ratio decreases 

6. Rostering for an Even Rate of Sale (Section 4 .8): 

Pre-sale storage incr eases 

Bales held over increases 

Average evaluation perio_d increases 

Single : donble sales ratio increases 
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The trends summarised show relationships between the performance 

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

evaluation period parameters are generally complementary to one another; they 

are usually competitive with regard to the single : double s ales r atio perform­

ance parameter (assuming a lower single : double sales ratio is desirable as it 

involves less sales generally) . 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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CHAPI'ER V 

CONCLUSIONS 

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 shifts 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 arrivals would add nothing in terms of accuracy 

of rosters. If, however, the 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 

estj,mates is not important due to present difficulties in estimating seasonal 
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wool arrivals for auction . If variability in these estimates could be 
\ 

removed then this approximation should be r emoved 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 fulfill-

ing the time constraints for greater model realism. However, the rosters prd­

duced provide some flexibility in the timing of sales . Consequently a corr­

ection for those f ew 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; i . 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 

me 3.1~3 of es timating seasonal wool arrivals become available then conversion of 

the model to include this greater accuracy would be desirabl e . This convarsion 

of the progr amme would be simple as it would involve mainly format cha nges . 

5.1 . 2 Model Validation with Regard to Restrictions 

The realism of the model, in terms of rostering restrictions, is of a 

high degree . The restrictions included in the model are virtually exhaustive; 

they are strictly enforced (compar ed to enforcement by the Wool Auction Sales 

Committee). As indicated in Chapter III the restricti ons 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 syste~ . Furthermo~e 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 ac tual roster. 

Throughout this Thesis little has be en 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 

f:ir raw wool at auction, performance parameters and decision processe;s includ-

ing the demand aspect were excluded from the model . This exclusion i s unim-

portant if the price elasticity of demand for r aw wool at auc tion 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 ro ster 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 prices, and the New Zealand wool industry, then the useful­

ness of the model depends on whether either: 

i. model generated rosters with a higher single 

sales ratio would be satisfactory.1 

double 

· 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). 



or ii . the decision processes ·Jn the model can be altered to 

be heuristic with regard to perf'ormance pa rameters 

determined by demand while retaining the basic f'rame­

work of the model . 
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Unless a very accurate procedure f'or 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 corn-

pc1recl ·:-i ~h the actual rost er for this season. The roster derived from the 

"Corrected Average " data shows a pattern of sales similar to that of the 

act ual roster, indicating that the decision processes of' the roster makers 

and the model are not dissimilar . 

The major dif'f'erence 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 benef'icial (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 £'actors other than pre-sale wool storage 

cause this dif'ference in roster f'ormats. 

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 sal~s 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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co~ld 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 

woul d be made i f a number of runs were carried out f or various manipulations 

of parameter values and de cision processes in the model . This would provide 

t he 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 r oster s , there is its per formance parameter 

measur ement property. By studying the performance parameter and roster print­

out (s ee exampl e in Appendix C2) opinions on likely demands on wool brokers 

s t ores , and the selling density for wool, may be formed . The model prints 

out total cumulative arrivals , bales in store, and sale size r ostered (if 

applicable ) at weekly intervals (and for each sale day) for each centre. By 

studying t hese weekly figure s brokers would be able to obta in a good idea of 

their organisational requirements over the season . For example, the nature 

of arrivals between sales, and the sizes of sales , indicat e when peak handling 

p~riods are likely to occur in br okers stores . Brokers would receive an idea 

or how many bales they may have to carry over, of how l ong 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 roster print- out depends on es timates of seasonal 

wool arrivals being accurate. 

The impl i cations of r osters 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 by the Wool Auction Sales Committee. 

With regard to the implications and performance of rosters it is 

important to realis e 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 appear 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 (prop;rtionately) for the run, and then inflated for 

the final roster . Which of t hese methods is desirable depends on which is 

acceptable 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. 

5.3 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 restr i ction and input- values would be r equired before accurat e quantitative 

changes in performance could be proposed with a high degree of accuracy. 

5.3 . 1 Results 

Proportionate across the board increases in saie s iz e 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 2cr%> - 40%, on present limit s 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 s cheme should meet with little 

resistance from any sector of the wool indus"tz-y. 
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The between sale within centre t ime restrictions are severe restrict-

ions on the system . Pre-sale wool storage and bales held over would decrease 

signifi cantly with decreases in these constraints. To achieve such decreases 

in the constraints some new technology or practice, such as sale by sample 

anu d ense 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 decreas ed 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-

crea se the between sale within centre restrictions . If, however, sale size 

limits were reduced then lower between sale within centre restrictions would 

be v ery desirabl e with regard to pre-sale wool storage and bales held over . 

When cons ideration i s given to changing one of thes e two restrictions , the 

effect of that change on the other restriction must be cons idered; 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 co~pensatory 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 r aw 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 rostered 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 parameter3 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 Corporation. 

At present the major difficulty in rostering wool sales i s 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 restricted . 

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

io~ of demand aspects from this model of the roster system should not detract 

from the value of the study . 

L~ 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 pol i cies decided by the Wool Marketing 

Corpor ation will determine t he f uture value of the study. 
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APPENDIX A 

THE COMPUTER PROGRAMME 

The programme was written in FORTRAN II to be run on an IBM 1620 

computer with disk s torage . 

Wo ol inputs and outputs are approximated to the nearest 1000 bales . 

The pre-sale storage and bales held over performanc·e parameters have I OOO 

bale-day units of measurement . 
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APPENDIX A1 ALPHABETIC LISTING- OF VARIABLES 

AVAR(J) floating ~oint conversion for total possible storage . 

BVAR(J) floating point conversion for bales held over. 

CFACT(J) multiplication factors to alter data input estimates for wool 

arrivals . 

CNB(J) 

DBH(J) 

DNAC(J) 

D1JOC 

DNOM( J) 

DNUM 

DOY(M) 

DVAR(J) 

EVAR(J) 

FJ,lTS 

FNBL 

FNTB 

FVAR(J) 

G-VAR(J) 

I 

IELD 

IHOLD(J) 

IL 

ILOW 

IMAX 

IOLD 

IU 

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 . 

floa ting point conversion for total sum of evaluation periods . 

floating point conversion for sale numbers . 

floating point conversion for total number of 

days of week (alphameric). 

floating point conversion for storage removed 

floating point conversion for net storage . 

total storage removed due to sales . 

sum of bales not ros t ered for sale. 

sales. 

due to 

total number of bales that arrived over the season . 

floating point conversion for unrostered bales . 

floating point conversion for total bale arrivals . 

day identification 

sales. 

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 enforce between sale within centre 

restrictions. 

l ength of the selling season in days . 

variable to hold present I value _when I i s to be varied within 

a stage (day). 

last day of week (I value). Used to input data. 



IUPR 

J 

JHOLD 

JLOWN 

JLOWS 

JMON(J) 

JOLO 

JUPRN I 
JUPR.S 

K 

KDATE 

KL 

L 

LAD 

LAS 

LMAX 

LS 

LSD(J) 

M 

MC(J) 

MFACT 

MNTH 

MOND 

MRS(J) 
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day identification used to enforce between sale within 

centre restrictions. 

woc,l 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. 

storea the number of ' Monday ' ::,ales 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 restrictions. 

path control variable. Control returns to different parts of 

the programme depending on the value of LSD(J). 

week day identification. 

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) 

NBR 

NBS(J) 

NCLOSE 

NDC(J) 

NDD(J) 

NDIFF 

NDL 

NDS(J) 

NDU 

NETT 

NGA.IN 

NH(J) 

storage removed due to sales in centre J. 

storage removed due to a sale . 

sum of ' Monday ' sales . 

feasibility (generai) identification for days . 

disk track identification. 

sum of evaluation periods in centre J . 
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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 tbe 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 . 

unrost ered bales in centre J (unsold bales) . 

additional days involved in the between sale within centre 

restrictions when the sal e 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 s ingle 

and double sales . 

the lower sale size limit for do~ble sales . 

the double - single between sale within centre restriction. 

the upper sale size limit for double sales . 

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 bale.s held over f r om a sale. 



NI(J ) 

N".K 

NLOSS 

NOC 

NOJ\!(J) 

NOMD(J ) 

NOMS( J) 

NOVER 

NSD(J ) 

NSELL 

NSL 

NSOLD( J) 

NSS(J) 

NST( J) 

NSU 

NTS (J) 

NUM 

NUMD 

NUMS 

NWAIT 

NYRF 

NYRS 

PAT 

PHB 

PMOS 
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holding value for I when a sale is rostered so as weighted 

bales held over can be calculated in the future . 

disk track identification. 

l oss in storage f r om rostering a double sale in the futur e. 

sum of evaluation periods . 

total sales in centres . 

total doubl e sales in centres . 

total singl e sales in centr es . 

bales that cannot be sold now but could be sold in a double 

sale in the near future . 

the s i ngle- doubl e between sale withi n cent r e restr ictions . 

number of bales sold in a saJ.e . 

lower sale size l imi t f or s i ngle sales . 

number sold in a sale just rostered . 

the single - s i ngle between sale within centre restrictions . 

bal es that can. be sold in a centre, and/or t he numb er r os t ered 

~or sale . Bales in store (output) . 

upper sal e size l imit f or single sal es . 

total poss i ble storage in centres ( assuming no wool was s old 

over the season). 

tot al sales . 

t otal double sales. 

tota l s ingle sal es. 

period before a double sale can be held when a single sale can 

be he l d now. 

fir st year of season ·being rostered. 

second year of season being rostered. 

percentage of total storage removed by sales. 

bales held over as a percentage of total storage. 

total net storage. 



E'NHO 

PNOS 

PST(J) 

SOLD 

total bales held over (weighted). 

total possible storage . 

storage removed as a percent ·of' total storage . 

total bales rostered f'or sale . 
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APP.EJ.'ID IX 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 length 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 DIS.KIM prints a listing of all data inputs to 

disk storage. 

D9.ta card order : 

k = 2 for when second year of season is a leap year, otherwise 

k = 1 •••• 5, 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 arri vals . e . g . a value of 28 . 888 would 

be truncated t o 28. 
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DISKIM 

DIMENSION N{5),MC{8),NB{8),MUN{300),DOY{10),NOC{8),CNB{8),CFACT(8) 
DEFINE DISK {8,4500) 
COMMON M,N,K,NK, l,MC,NB,NDC,MUN,DOY,KDATE,MNTH 

READ 100,K 
READ 40,{CFACT{J),J=l,8) 
MOND=O 
I L=l 
IU=7 
KDATE=4 
MNTH=9 
NK=900*{K-1) 
GO TO 14 

12 IL=IU+l 
IU=IU+7 
IF {K-2) 27,28,27 

28 IF {IL-296) 14,15,25 
27 IF {IL-295) 14,15,25 
15 I U=297 
14 M=MOND 

READ 10 0, {MUN { I ) , I = I L, I U), {NB { J), J = 1, 8) 
17 DO 41 J = 1, 8 

CNB{J)=NB{J) 
41 NB{J)=CNB(J)*CFACT{J) 

DO 1 I= I L, I U 
N{K)=NK+l+300 
RECOR D (N(K)) {NB(J),J=l,8) 
M=M+l 
KDATE=KDATE+l 
N{K)=NK+l+600 
RECORD (N(K)) M,KDATE,MNTH 
IF (MUN{I)) 2,3,3 

2 DO 4 J=l,8 
4 MC{J)=O 

GO TO 6 
3 DO 30 J=l,8 

MC{J)=I 
30 CONTINUE 

6 N{K)=NK+I 
RECORD {N{K)) {MC(J),J=l,8) 
IF {SENSE SWITCH 3) 20,21 

20 CALL FINDMM 
CALL FINDNM 
CALL FINDAM 
PR I NT 10 2, I , I L, I U, MUN { I ) , KDA TE, M NTH, {NB { J) , J =1, 8) , {MC { J) , J = 1, 8) , N { 

lK) ,M 
21 GO TO {7,8,7,9,7,9,7,7,9,7,9,7),MNTH 

7 IF {KDATE-31) 1,13,13 
9 IF {KDATE-30) 1,13,13 
8 IF {K-2) 11,10,11 

11 IF {KDATE-28) 1,13,13 
10 IF (KDATE-26) 1,16,19 
16 IL=IU+l 

IU=IU+8 
READ 100,{MUN(l),l=IL,IU),{NB{J),J=l,8) 
M=O 



MOND=l 
GO TO 17 

19 IF (KDATE-29) 1,13,13 
13 MNTH=MNTH+l 

KDATE=O 
IF (MNTH-12) 1,1,18 

18 MNTH=l 
1 CONTINUE 

GO TO 12 
25 CALL LINK (BEGINM) 
40 FORMAT (8F6.2) 

100 FORMAT (1614) 
102 FORMAT (414,1815,18,14) 
101 FORMAT (8A4) 

END 

144. 



14-5. 

APPENDIX A3 DISKMM 

As for DISIUM but only inputs feasible and infeasible days data. 

Cumulative 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. 



DI SKMM 

DI MENSION N(5),MC(8),NB(8),MUN(300),DOY(10),NDC(8) 
DEFINE DISK (8,4500) 
COMMON M,N,K,NK, t,MC,NB,NDC,MUN,DOY,KDATE,MNTH 

READ 100,K 
NK=900*(K-1) 
IL=l 
IU=7 

55 READ 100, (MUN( I), I =I L, IU) 
DO 1 l=IL,IU 
IF (MUN(I)) 2,3,3 

2 DO 4 J=l,8 
4 MC(J)=O 

GO TO 6 
3 DO 30 J=l,8 

30 MC(J)=I 
6 IF (SENSE SWITCH 2) 60,62 

60 IF (MUN(l) - 1) 62,63,62 
63 MUN( I )=-1 

GO TO 2 
62 N(K)=NK+I 

RECORD (N(K)) (MC(J),J=l,8) 
IF (SENSE SWITCH 3) 20,1 

20 CALL FINDMM 
CALL FI NDNM 
CALL FINDAM 

146 . 

PR I NT 10 2, I , I L, I U, MUN ( I ) , KDA TE, MN TH, ( NB ( J) , J = 1, 8) , (MC { J), J = 1, 8 ) , M { 
1 K), M 

1 CONTINU E 
IL=IU+l 
IU=IU+7 
IF (IL-297) 5,25,25 

5 IF (IU-297) 55,55,56 
56 IU=297 

GO TO 55 
25 CALL LINK (BEGINM) 

100 FORMAT (1614) 
102 FORMAT (414,1815,18,14) 

END 
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APPENDIX .Al+ RECORD .AND RETRIEVE SUBROUTINES 

FINDMM retrieves data from disk indicating feasibility of the day 

retrieved for sales in individual centres. 

FINDNM 

RECMCM 

FINDAM 

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

ion data, and month identification data from disk storage. 



SUBROUTINE FINDMM 

DIMENSION MC(8),N(5) 
COMMON M,N,K,NK, l,MC 
N(K)=NK+I 
FETCH (N(K)) (MC(J),J=l,8) 
RETURN 
END 

SUBROUTINE FINDNM 

DIMENSION NB(8),N(5),MC(8) 
COMMON M,N,K,NK, I ,MC,NB 
N(K)=NK+l+300 
FETCH (N(K)) (NB(J),J=l,8) 
RETURN 
END 

SUBROUTINE RECMCM 

DIMENSION MC(8),N(5) 
COMMON M,N,K,NK,l,MC 
N(K)=NK+I 
RECORD (N(K)) (MC(J},J=l, 8 ) 
RETURN 
END 

SUBROUTINE FINDAM 

DIMENS IO N N(5),MUN(300),DOY(10),MC(8},NB(8},Nnccs) 
COMMON M,N,K,~JK, I ,MC,N B,N OC , MUN ,nov,KnATF.,~~NTH 
N(K)=NK+l+600 
FETCH ( N(K)) M,KnATE,MNTH 
RETURN 
END 

148. 



14-9. 

AJ?PETIDIX A5 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. 

input. 

Initiation of the NETT value is done via card 
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BEGINM 

DEFINE DISK (8,4500) 
DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),DOY(10),NBS(8),NSOLD(8) 

1, N BH ( 8), I HO LO ( 8), NOMS ( 8), NOM D ( 8) , MS R ( 8), NTS ( 8), NH ( 8), NI ( 8), JMO N ( 8) 
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8),LSD(8) 

COMMON M,N,K,NK,l,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLD,NBH,IHOLD 
1,NOMS,NOMD,MSR,NTS,NH,Nl,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 7 8 

77 NYRS=l970 
NYRF=1971 

78 PRINT 100,NYRS,NYRF 
7 PRINT 101 

PRINT 102 
1=1 
CALL FINDNM 
CALL FINDAM 
DO 1 J=l,8 

1 NBS(J)=O 
PRINT 110,1,MUN(l),KDATE,MNTH,(NB(J),NB(J),NBS(J),J=l,8) 
CALL LINK (SELLEM) 

100 FORMAT (63X,18HWOOL SALE ROSTER,//67X,14,2X,14) 
101 FORMAT (//2X,2HI ,5H MAN ,3X,4HDATE,4X,12H AUCKLAND ,1X,12H WAN 

lGANUI ,lX,lOH 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,14,2X,14,2X,10HCORR AVGE) 
110 FORMAT (/14,13,1X,4H DAY,213,lX,8(314,lX),/) 
115 FORMAT (63X,18HWOOL SALE ROSTER,//63X,18HEXPERIMENTAL YEAR) 
1 2 0 F O RM AT ( I 4 ) 

END 
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APPENDIX A6 INITNM 

levels. 

INITNM initiates mainly the unsubscripted variables at their starting 

Variables initiated via card input (in order) are : 

the between sale within centre restrictions, 

the order of days for t .he 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. 
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SUBROUTINE INITNM 

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),DOY(l0),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),NOD(8),NBA(8),NST(8),LSD(8) 

COMMON M,N,K,NK,l,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLD,NBH, IHOLD 
1,NOMS,NOMD,MSR,NTS,NH,Nl,J MON,NAC,IMAX, NSL,NSU,NDL,NDU,KL,LAS,LAD, 
2FMTS,FNTB,PNOS,NUMS,NUMD,PNHO,NOC,NSS,NSD, ND S,NDD, NB A,LSD 

IMAX=297 
KL=? 
LAS=4 
LAD=6 
FMTS=O. 
FNTB=O. 
PNOS=O. 
NUMS=O 
NUMD=O 
PNHO=O. 
NOC=O 
READ 100,(NSS(J),J=l,8) 
READ 100,(NSD(J),J=l,8) 
READ 100, (NDS(J),J=l,8) 
READ 100,(NDD(J),J=l,8) 
READ 101,(DOY(M),M=l,8) 
READ 102,(LSD(J),J=l,8) 
READ 102,NSL,NSU,NDL,NDU 

100 FORMAT (6X,12,7(14)) 
101 FORMAT (8A4) 
102 FORMAT (814) 

RETURN 
END 
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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 KL days). 
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SUBROUTINE STARTM 

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),DOY(l0),NBS(8),NSOLD(8) 
1,NBH(8), IHOLD(8),NOMS(8),NOMD(8),MSR(8),NTS(8),NH(8), NI (8),J MOM(8) 
2,NAC(8),NSS(8),NSD(8),NDS(8),NDD(8),NBA(8),NST(8) 

COMMON M,N,K,NK, l,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLD,NBH,1HOLD 
l,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,NnD,NBA 

DO 85 J=l,8 
NBS(J)=O 
NSOLD(J)=O 
NBA(J)=O 
IHOLD(J)=O 
NOMS(J)=O 
NOMD(J)=O 
MSR(J)=O 
NBH(J)=O 
NH(J)=O 
NI (J)=O 
JMON(J)=O 
NDC(J)=O 

85 NAC(J)=O 
1=1 
CALL FINDNM 
DO 20 J=l,8 

20 NTS(J)=NB(J)*297 
RETURN 
END 
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APPENDIX A8 INDMCM 

INDMCM records (on disk) specific centre day infeasibility. 

e.g. anniversaries. 



SUBROUTINE INDMCM 

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300) 
COMMON M,N,K,NK,l,MC NB,NDC,MUN 
DO 191 JOLD=l,8 
GO TO (190,195,192,195,193,193,194,194),JOLD 

190 1=149 
GO TO 196 

195 I =142 
GO TO 196 

192 1=58 
GO TO 196 

193 I =100 
GO TO 196 

194 I =198 
196 CALL FINDMM 

J =JO LD 
MC(J)=O 
CALL RECMCM 

191 CONTINUE 
RETURN 
END 
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APPENDIX A9 SSLLEM 

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. 
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SELLEM 

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),DOY(l0),NRS(8),NSOLn(8) 
l,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),NOS(8),NDD(8),NBA(8),NST(8),LSD(8) 

DEFINE DISK (8,4500) 
COMMON M,N,K,NK,1,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLn,NBH,IHOLD 

l,NOMS,NOMD,MSR,NTS,NH,Nl,JMON,NAC,IMAX,NSL,NSU,NDL,NDU,KL,LAS,LAD, 
2FMTS,FNTB,PNOS,NUMS,NUMD,PNHO,NOC,NSS;Nso,NDS,NOD,NBA,LSO 

DO 710 J=l,8 
710 NST(J)=O 

IF (SENSE SWITCH 3) 700,701 
700 READ 100,IOLD,JHOLD,NSELL,NSL,NSU,NDL,NDU 

Nl·/A I T=O 
NETT=O 

701 DO 8 8 I = 8,297 
IF (SENSE SWITCH 3) 702,703 

702 NCLOSE=O 
IF (1-IOLD) 6,705,706 

705 J=JHOLD 
NST(J)=NSELL 
GO TO 132 

706 IF (NnU-100) 707,6,6 
707 READ 100,IOLD,JHOLD,NSELL,NSL,NSU,NDL,NDU 

GO TO 7 02 

703 IOLD=I 
24 N\·/A I T=O 

NDIFF=NDU-NSU 
NETT=O 
NCLOSE=O 
NBALF.S=O 
NBR=O 
IF (MUN(I)) 98,90,90 

98 GO TO 6 
90 CALL FINDMM 

DO 3 J=l,8 
IF (1-MC(J)) 3,5,3° 

3 CONTINUE 
GO TO 6 

5 1=1-KL 
CALL FINDNM 
I= I OLD 
NST(J)=NB(J)-NBA(J) 

9 IF (J-8) 7,10,10 
7 J =J+ 1 

IF (1-MC(J)) 9,5,9 
10 NAH=NST(l) 

JHOLD=l 
DO 4 J=2,8 
IF (NAH-NST(J)) 11,4,4 

11 NAH=NST(J) 
JHOLD=J 

4 CONT I NUE 
J=JHOLD .. 



IF (NST(J)-NSL) 97,37,37 
97 GOT() 6 
37 IF (IHOLD(J)) 16,16,417 

417 IF (MRS(J)-Nnl) 14,15,15 
14 IF (NST(J)-NSU) 16,16,17 
17 IF CNST(J)-NOL) 16,18,18 
18 NRR=NSD(J)-NSS(J) 

GO TO 21 
15 IF CNST(J)-NSU) 16,16,19 
19 IF (NST(J)-NDL) 16,20,20 

20 MRR=NDD(J)-NDS(J) 
GO TO 21 

16 NRR'=O 
21 lkOLD(J)=IHOLD(J)+NBR 

IF (IHOLO(J)-NRR) 23,23,91 
91 IF (1-IHOLO(J)) 22,23,23 
22 1=1-KL 

CALL FINDNM 
l=l+KL 
NOVER=NB(J)-NRA(J)-NSU 
IF ( ND IFF-NOVER) 453,454,454 

453 NOVER=NOIFF 
454 l=IHOLD(J) 

IF (1-297) 124,124,125 
124 CALL FIN[)MM 

IF (MC(J)-1) 122,123,122 
122 l=l+l 

IF (1-297) 124,124,125 
123 1=1+2 

IF (1-297) 400,400,338 
400 CALL FINDMM 

IF (MC(J)-1) 402,403,402 
402 1=1-1 
419 CALL FINOMM 

IF (MC(J)-1) 404,123,404 
404 1=1+1 

IF (1-297) 419,419,125 
403 I= I -2 

NvJAIT=I-IOLD 
IF (LSD(J)) 603,603,604 

603 1=1-KL 
CALL FINDNM 
l=l+KL 
NOVER=NB(J)-NBA(J)-NSU 
IF (NOVER-NOIFF) 654,654,655 

655 NOVER=NDIFF 
654 NLOSS=NSU•NWAIT 

NGAIN=NOVER•(NSS(J)-NWAIT) 
NETT=NGAIN-NLOSS 
IF (SENSE SWITCH 2) 130,125 

130 IF (NETT-MUN(299)) 125,125,195 
125 NST(J)=NSU 

GO TO 129 
195 IF (NWAIT) 500,500,611 
611 NST(J)=O 
129 IHOLD(J)•IHOLD(J)-NBR 

l•IOLD 

159. 
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NHAIT=O 
GO TO 10 

338 NWAIT=O 
NETT=O 
GO TO 13 2 

23 IF (NST(J)-NDL) 131,123,123 
131 NBR=NDS(J)-NSS(J) 

IHOLIT(J)=IHOLD(J)+NBR 
IF (IOLD-IHOLD(J)) 600,601,601 

600 l=IHOLD(J) 
GO TO 602 

601 I =IOU) 
602 IF (1-297) 160,160,338 
160 1=1-KL 

CALL FINDNM 
NBALES=NB(J)-NBA(J) 
IF (NBALES-NDL) 59,51,51 

59 I =I +KL+l 
GO TO 602 

51 l=l+KL 
LSD(J)=lOO 
GO TO 124 

604 LSD(J)=O 
1=1-KL 
CALL FINDNM 
IF (NST(J)-NSU) 451,451,450 

450 NST(J)=NSU 
451 NOVER=NB(J)-NBA(J)-NST(J) 

IF (NOVER-NDIFF) 503,503,650 
650 NOVER=NDIFF 
503 NLOSS=NST(J)*NWAIT 

NGAIN=NOVER*(NSS(J)-NWAIT) 
NETT=NGAIN-NLOSS 
IF (SENSE SWITCH 2) 137,500 

137 IF (NETT-MUN(299)) 500,500,195 
500 IHOLD(J)=IHOLD(J)-NBR 
132 IF (NST(J)-NSU) 820,810,820 
810 DO 800 J=l,8 

IF (NST(J)-NSU) 800,~02,8~2 
802 l=IOLD 

1=1-KL 
CALL FINDNM 
I= I +KL 
NST(J)=NB(J)-NBA(J) 

800 CONTINUE 
NAH=NST(l) 
JHOLD=l 
DO 804 J=2,8 
IF (NST(J)-NAH) 804,804,803 

803 NAH=NST(J) 
JHO LO =J 

804 CONTINUE 
J=JHOLD 
NST( J) =NSU 

820 l=IOLD 

IF (NST(J)-NSU) 25,25,26 

160. 



26 IF (NST(J) -ND L) 27,28,28 
28 IF ( NS T(J)-NDU) 29,30,30 
25 NOMS(J)=NOMS (J)+l 

LS=NSS(J) 
NSS(J)=NSS(J) 

31 NBA(J)=NBA(J)+NST(J) 
NB S(J)=NST(J) 
GO TO 3 2 

27 NST(J)=NSU 
GO TO 25 

29 NOMD (J)=NOMD(J)+l 
LS=NDS(J) 
GO TO 31 

30 NST(J)=NDU 
GO TO 29 

3 2 I HOLD ( J) = I + LS 
I= I O LO 
MFACT= IMAX-1 
MSTR=NRS (J)•MFACT 
MSR (J)=MSR(J)+MSTR 
MFACl=I-NI (J) 
NBHO=NH(J)•MFACT 
NBH(J)=NBH(J)+NBHO 
CALL FINDNM 
NH(J)=NB(J)-NBA(J) 
Nl(J)=I 

IF (MUN(l)-1) 33,34,33 
34 JMON(J)=JMON(J)+l 

33 1=1-15 
IF (I) 61,61,62 

61 I =1 
62 DO 39 l=l,IOLD 

CALL FINDNM 
IF (NBA(J)-NB(J)) 38,38,39 

39 CONTINUE 
38 IELD=I 

l=IOLD 
NDC(J)=I-IELD 
IF (SENSE SWITCH 3) 708,709 

709 IF (LS-NSS(J)) 40,40,41 
40 LMAX=LAS 

GO TO 42 
41 LMAX=LAD 
42 IF (J-4) 43,43,44 
43 JLOWS=l 

JUPRS=4 
JLOWN=5 · 
JUPRN=8 
GO TO 50 · 

44 JLOWS=5 
· JUPRS=8 
JLOWN=l 
JUPRN=4 

50 00 45 lal,LMAX 
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VIII 
I 

IX 



94 

63 
45 
92 
46 

93 

48 

47 

104 

57 
49 

460 

96 
95 

55 

708 

6 

64 

79 
58 

l=IOLD+L 
IF (1-297) 94,94,92 
CALL FINDMM 
DO 63 J=JLOWS,JUPRS 
MC(J)=O 
CALL RECMCM 
IF (LMAX-4) 46,46,47 
l=IOLD+l 
IF (1-297) 93,93,460 
CALL FINDMM 
DO 48 J=JLOWN,JUPRN 
MC(J)=O 
CALL RECMCM 
GO TO 460 
DO 49 L=l,3 
I =IOLD+L . 
IF (1-297) 104,104,460 
CALL FINDMM 
DO 57 J=JLOWN,JUPRN 
MC(J)=O 
CALL RECMCM 

IL0\1/=IOLD+l 
I UPR= I OLD+ LS 
IF (IUPR-297) 95,95,96 
IUPR=297 
J=JHOLD 
DO 55 l=IOLD,IUPR 
CALL FINDMM 
MC(J)=O 
CALL RECMCM 

I= I O LO 
NSOLD(J)=NST(J) 
MFACT=IM/\X-1 
I= I -1 
CALL FINDNM 
DO 64 J=l,8 
NTS(J)=NTS(J)-(NB(J)*MFACT) 
I= I+ 1 
CALL FINDNM 
DO 58 J=l,8 
NAC(J)=NAC(J)+NDC(J) 
IF (NOC(J)) 58,58,79 
NCLOSE=NDC(J) 
NTS(J)=NTS(J)+(NB(J)*MFACT) 

CALL FINDAM 
DO 170 J=l,8 
NST(J)=NB(J)-NBA(J) 
IF (NSOLD(J)-0) 170,170,172 

172 NST(J)=NST(J)+NSOLD(J) 
PUNCH 100,1,J,NSOLD(J),NSL,NSU,NDL,NDU 

170 CONTINUE 
99 IF (NCLOSE) 67,67,83 
67 IF (M-1) 80,80,76 
76 IF (M-8) 2,80,2 
83 MUN(l+l)::s-1 
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80 PRINT 103,1,MUN(l),DOY(M),KDATE,MNTH,(NB(J),NST(J),NSOLD(J),J=l,8) 
1,NCLOSE,NWAIT,NETT 

2 DO 89 J=l,8 
NDC(J)=O 
NST(J)=O 

89 NSOLO(J)=O 
88 CONTINUE 

CALL LINK (PARAM) 
10 3 FORMAT ( I 4, I 3, 1 X, A 4, 2 I 3, 1 X, 8 ( 3 I 4, 1 X), 3 X, I 4, 2 X, I 3, 2 X, I 6, /) 
1 0 0 F O RM AT (7 I 4 ) 

END 



.APPEND IX A 1 0 PARAM 

PAR.AM 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). 



PARAM 

DIMENSION N(5),MC(8),NB(8),NDC(8),MUN(300),DOY(l0),NRS(8),NSOLD(8) 
l,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),NB0(8),FNB0(8),FNB(8),NOM(8),MRS(8),AVAR(8),BVAR(8), 
4GVAR(8),DVAR(8),EVAR(8),FVAR(8) 

DEFINE DISK (8,4500) 
COMMON M,N,K,NK,l,MC,NB,NDC,MUN,DOY,KDATE,MNTH,NBS,NSOLD,NBH,IHOLn 

l,NOMS,NOMD,MSR,NTS,NH,Nl,JMON,NAC,IMAX,NSL,NSU,NDL,NDU,KL,LAS,LAD, 
2FMTS,FNTB,PNOS,NUMS,NUMD,PNHO,NOC,NSS,NSD,NDS,NDD,NBA 

MSUM=O 
FNBL=O 
DO 1 J=l,8 
AVAR(J)=NTS(J) 
BVAR(J)=NBH(J) 

1 DVAR(J)=MSR(J) 
DO 65 J=l,7,2 
FMTS=FMTS+DVAR(J)+DVAR(J+l) 
PNOS=PNOS+AVAR(J)+AVAR(J+l) 
PNHO=PNHO+BVAR(J)+BVAR(J+l) 
NUMS=NUMS+NOMS(J)+NOMS(J+l) 
NUMD=NUMD+NOMD(J)+NOMD(J+l) 

65 NOC=NOC+NAC(J)+NAC(J+l) 
DO 60 J=l,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)*lOO. 
DBH(J)=BVAR(J)/AVAR(J)*lOO. 
DNAC(J)=NAC(J) 
DNOM(J)=NOM(J) 
DNAC(J)=DNAC(J)/DNOM(J) 
I =29 7 
CALL FINDNM 
NBO(J)=NB(J)-NBA(J) 
FVAR(J)=NBO(J) 
FNBL=FNBL+FVAR(J) 
GVAR(J)=NB(J) 

60 FNTB=FNTB+GVAR(J) 
SOLD=FNTB-FNBL 
PMOS=PNOS-FMTS 
NUM=NUMS+NUMD 
DNOC=NOC 
DNUM=NUM 
DNOC=DNOC/DNUM 
PAT=FMTS/PNOS*lOO. 
PHB=PNHO/PMOS*lOO. 
PRINT 103 
PRINT 107 
PR I NT 10 8, ( NTS ( J), J = 1, 8), ( MS R ( J) , J = 1, 8) , (MRS ( J) , J = 1, 8) , (PST ( J) , J = 1 

1,8),PNOS,FMTS,PMOS,PAT 
PRINT 109,(NBH(J),J=l,8),(DBH(J),J=l,8),PNHO,PHB 
PRINT 110,(NB(J),J=l,8),(NBA(J),J=l,8),(NBO(J),J=l,8),FNTB,SOLD,FN 

lBL 
PRINT 111,(NOMS(J),J=l,8),(NOMD(J),J=l,8),(NOM(J),J=l,8),NUMS,NUMD 
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l,NUM 
PRINT 112,(NAC(J),J=l,8), (NOM(J),J=l,8),(DNAC(J),J=l,8),NOC,NUM,DN 

lOC 
PRINT 113,(JMON(J),J=l,8) 
PRINT 114,MSUM 

103 FORMAT (55X,18HSUMMARY OF SALES,//62X,3HAND,//52X,23HPERFORMANCE 
1 PARAMETERS) 

107 FORMAT (//28X,12H AUCKLAND ,12H WANGANUI ,lOH NAPIER ,14H WE 
lLLINGTON ,12HCHRISTCHURCH,12H TIMARU ,12H DUNEDIN ,12HINV 
2ERCARGILL,//) 

108 FORMAT (24H TOTAL STORAGE = ,8(4X,18),/24H STORAGE REMOV 
lED = ,8(4X,18),/24H NET STORAGE = ,8(4X,18),/24H REM 
20VED PERCENT = ,8(4X,F8.2),//44X,24H GRAND TOT STORAGE= ,FlO 
3.0,/44X,24H GRAND TOT REMOVED= ,F10.0,/44X,24H GRAND TOT RE 
4MAIN = ,F10.0,/44X,24H OVERALL PERCENT = ,3X,F6.2) 

109 FORMAT (//24H BALES HELD OVER = ,8(4X,18),/24H PERCENT OF 
!TOTAL = ,8(4X,F8.2),//44X,24H TOTAL HELD OVER = ,F10.0,/44X, 
224H PERCENT OF TOTAL = ,3X,F6.2) 

110 FORMAT (//24H TOTAL ARRIVALS = ,8(4X,18),/24H TOTAL RALES 
1 SOLD = ,8(4X,18),/24H REMAINDER UNSOLD = ,8(4X,18),//44X,24H 
2 G TOTAL ARRIVALS = ,110,/44X,24H GRANO TOTAL SOLD =, 110, 
3/44X,24H G TOTAL REMAINING= ,110) 

111 FORMAT (/24H SINGLE SALES = ,8(6X,16),/24H DOURLE SALES 
1 = ,8(6X,16),/24H TOTAL SALES = ,8(6X,16),//44X,24H 
2 TOTAL SINGLE = ,4X,16,/44X,24H TOTAL DOURLE = ,4X, 
316,/44X,24H GRAND TOTAL SALES = ,4X,16) 

112 FORMAT (//4X,20HEVALUATION DAYS = ,B(l12),/3X,21H NUMBER OF SALE 
lS = ,8(112),/3X,21H AVGE LENGTH EVAL = ,8(6X,F6.2),//44X,24H 
2 TOTAL EVALUATION = , I 12,/44X,24H TOTAL SALES = , 112,/44 
3X,24H AVGE TOTAL EVALN = ,6X,F6.2) 

113 FORMAT (//24H MONDAY SALES = ,8(6X,16)) 
114 FORMAT (//44X,24H TOTAL MON SALES = ,112) 

END 
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APPENDIX A11 ADDITIONAL PROGRAMMING 

The programming presented in this section was incorporated in 

S.ELLEM to produce rosters with little or no wool remaining unsold at the 

en~ 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 IHOLD(J) =I+ LS 

:t = 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, IUPR 

I=I- 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 



~65 NST(J) = NDIFF 

G-0 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 

G-0 TO 413 

412 NOMD(J) = NOMD(J) - 1 

413 NBA(J) = NBA(J) - NBS(J) 

NBS(J) = NGAIN 

IHOLD(J) = IHOLD(J) - LS 

GO TO 1·29 

168. 
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. APPENDIX B 

DATA USED 

The data presented in this appendix is: 

Appendix B1 

B2 

B3 

B4-

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. 



APPENDIX B1 

Date Auckland 

Sep 

5 3 
12 3 
19 4 
26 6 
Oct 

3 9 
10 13 
17 17 
24 24 

31 32 
Nov 

7 40 
14 49 
21 60 
28 72 
Dec 

5 83 
12 93 
19 106 
26 112 

Jan 

2 117 

9 127 
16 135 
23 143 
30 148 
Feb 

6 153 
13 156 
20 159 

27 162 

Mar 

6 166 

170. 

"UNWEIGHTED AVERAGE" CUMULATIVE WOOL ARRIVALS DATA 

(In Thousand Bales) 

Wanganui Napier Welling- Christ- Timaru Danedin 
ton church 

2 4 3 12 5 41+ 
2 .5 3 16 7 52 
2 6 3 19 10 59 
2 9 4 23 11 65 

3 15 5 24 14 69 

5 23 9 28 19 73 
8 32 14 34 21 76 

12 46 17 43 22 80 

16 61 21 48 25 &+ 

20 76 28 55 27 90 
28 90 39 63 31 94-
38 107 49 74- 36 99 
43 122 56 83 41 104-

49 137 66 93 43 110 

57 152 74 103 47 115 

65 165 82 114- 50 121 

70 172 88 122 52 124 

74- 178 95 127 54- 127 
80 187 102 136 57 131 

85 194 108 143 60 136 

89 199 113 148 65 140 

91 203 116 153 68 145 

93 205 119 158 70 148 

94 207 121 161 71 152 

95 209 122 164 73 155 

96 211 124 166 74 158 

97 215 126 168 75 161 

Inver-
cargill 

7 
8 

9 
11 

12 
15 
18 
20 

23 

30 
38 
4-3 
48 

56 
61 
66 
70 

74 
83 

93 
104 
112 

119 
126 

134 
141 

150 



171. 

Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-
ton church cargill 

Mar 

13 169 99 218 128 171 77 163 

20 173 102 221 130 173 Bo 166 
; 

27 176 105 224 132 174 81 167 

Apr 

3 180 107 227 134 175 82 169 

10 185 108 229 136 177 83 170 

17 188 109 232 138 178 83 173 

24 193 110 233 139 180 83 176 

May 

1 198 111 235 140 182 83 178 

8 206 112 236 141 184 83 180 

15 211 113 238 143 185 83 180 

22 215 114- 239 143 185 83 180 

29 220 115 241 143 185 83 180 

Jun 

5 221+ 115 242 143 185 83 180 

12 225 115 242 143 185 83 180 

19 225 115 242 143 185 83 180 

26 225 115 242 143 185 83 180 

Estimates are unweighted averages of the weekly arrivals for the 

1968/69, 1969/70, 1970/71 seasons. Primary data was obtained f'rom the 

New Zealand Wool Brokers' Association Schedule of Weekly Receipts Into 

Store 1968-69 - 1969-70 ~ 1970-71 Seasons. 

154 

162 

165 

168 

172 

175 

177 

178 

179 

180 

182 

183 

133 

183 

183 

183 
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APPENDIX B2 "WEIGHTED AVERAGE" CUMULATIVE WOOL ARRIVALS DATA 

· (In Thousand Bales) 

Date Auckland Wanganui Napier Welling- Christ- · Timaru Dunedin Inver-
to:i. ·church cargill 

Sep 

5 3 2 5 3 11 6 42 6 
12 4 2 6 3 15 7 50 7 
19 5 2 7 3 18 10 56 8 
26 6 2 10 4 22 11 63 10 
Oct 

3 9 3 15 5 24 14 67 11 

10 12 5 23 8 28 18 71 14 

17 16 7 32 13 33 21 74 18 

24 24 12 43 16 41 22 78 21 

31 31 16 61 21 46 24 82 23 
Nov 

7 38 19 73 27 53 27 87 29 

14 46 27 88 37 61 30 91 38 
21 57 37 105 47 71 35 96 42 
28 68 43 121 54 80 39 103 47 
Dec 

5 79 49 137 63 90 42 108 55 
12 90 59 152 . 73 101 44 113 60 

19 101 65 166 81 114 48 118 65 
26 107 70 172 87 121 50 120 68 

Jan .. 

2 113 73 178 9.2 126 51 124 73 
9 120 78 187 99 135 54 128 80 

16 127 82 192 103 141 57 133 91 

23 135 86 197 109 146 62 136 103 

30 140 88 202 111 150 66 141 109 
Feb 

6 144 90 204 113 156 68 144 117 

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 
Mar 

6 156 94 215 . 120 166 74 156 151 

13 159 95 218 122 169 76 158 154 . 



173. 

Date Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-
ton church cargill 

Mar 

20 163 98 221 124 170 79 161 159 

27 166 101 225 126 172 81 163 163 

Apr 

3 169 103 227 128 173 81 164 166 

10 174 104 230 130 175 81 166 170 

17 178 104 232 132 176 81 169 174 

24 182 105 234 133 178 81 173 176 

May 

1 187 106 236 134 180 81 175 177 
8 193 107 237 135 183 81 176 177 

15 199 109 239 137 183 81 177 178 

22 203 109 240 137 183 81 177 179 

29 208 111 241 138 183 81 177 180 

Jun 

5 212 111 243 138 183 81 177 180 

12 214 111 243 138 183 81 177 180 

19 214 111 243 138 183 81 177 180 

26 214 111 243 138 183 81 177 180 

Estimates are weighted averages for three seasons data. The data is 

extracted by taking: 

1o% of the figure for the 1968/69 season, 

3afo of the figure for the 1969/70 season, 

6a{o 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 AVER.AGE" DATA 

The product of "Unweighted Average" weekly arrivals data with the 

appropriate correction factor yields corresponding "Corrected Average" data 

(weekly estimates of cumulative wool arrival's in centres). 

Correction 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 
C t . F t total bales rostered for sale ( t ) 
orrec ion ac or-"Unweighted Average" estimate of total arrivals per cen re 

1. Obtained f'rom the roster f'or the 1971-72 season, see "New Zealand 
Wool Sales - Season - 1971-72", New Zealand Wool Commission. 



·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 

175. 
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.APPENDIX B5 REGIONAL ANNIVERSARIES - 1971/72 

Auckland 31 st January 

Wanganui 24 th j anuary 

Napier 1 st November 

Wellington 24 th January 

Christchurch 13th December 

Timaru 13th December 

Dunedin 20th March 

Inv er car gill 20th March 

Source: 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 4 3 12 5 41+ 6 
12 3 2 5 3 16 6 50 7 
19 4 2 6 3 19 9 57 8 
26 6 2 9 4 23 11 63 11 
Oct 

3 18 3 15 6 25 14 67 13 
10 15 5 22 10 28 19 71 16 

17 20 9 34- 16 35 21 75 18 

24 28 15 49 20 41+ 23 79 21 

31 36 18 61 25 50 25 83 24 
Nov 

7 l+-7 24 78 33 57 28 89 31 
14 57 32 91+ 45 66 32 93 39 
21 67 39 109 53 75 37 99 41+ 
28 78 41+ 123 . 60 83 41 103 49 
Dec 

5 89 50 137 70 93 41+ 109 58 
12 100 55 153 77 103 47 114 62 

19 114 67 166 87 113 52 121 68 

26 120 72 .175 93 122 55 124 73 
J an 

2 126 75 182 101 128 56 127 77 

9 138 83 192 108 138 59 132 88 

16 148 91 200 116 141+- 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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D3.te Auckland Wanganui Napier Welling- Christ- Timaru Dunedin Inver-
ton church cargill 

.27 197 113 228 143 177 83 171 172 

Apr 

3 202 116 230 146 178 84 173 175 
10 206 117 232 149 179 85 175 178 

17 210 117 234 150 181 85 176 180 

24 215 118 236 151 183 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 

29 242 123 241+ 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 Rece~pts Into Store 1967-68 - 1968-69 - 1969-70 Seasons. 
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APPENDIX C 

ROSTERS 

The rosters contained in Appendix C1 are adjusted rosters fo r Lhe 

three sets of data obtained under the NETT :· 100 operating rule for the 

single/double decision process. The Committee roster was the roster form-

ulated by the Wool Auction Sales Committee for the 1971/72 season. 

Abbreviations used for centre identification are: 

AK Auckland 

WG Wanganui 

NP Napier 

WN Wellington 

CH Christchurch 

TM Tirnaru 

DN Dunedin 

IN Inv er car gill 

In Appendix C2 an example of a programme roster is given. The roster 

is for the NETT : 100 "Corrected Average" run and is printed in computer out­

put form. 
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APPENDIX C1 ADJUSTED ROSTERS FOR THE 1971/72 SEASON 

Wool Sale Roster 1971/72 

Date (In thousand bales) 

"Unweighted Average" "Weighted Average' 'torrected Average' Com.mi ttee · 
Centre Sale Size Centre Sale Size Centre Sale Size Centre Sale Size 

Sep 

Wed 15th DN 41+ DN 42 DN 45 

Wed 25th DN 40 

Oct 

Wed 6th CH 23 CH · 22 CH 23 CH 
I 

22 

Fri 15th TM 20 

Wed. 20th DN 28 DN 28 DN 28 IN 20 

Fri 22nd NP 23 NP 23 NP 25 NP 25 

Wed 27th AK 20 

Thu 28th TM 21 TM 21 TM· 22 

Nov 

Wed 3rd AK 24 AK 24 AK 25 WN 22 

Fri 5th CH 20 :m 21 CH 21 CH 22 

Mon 8th WG 22 

Wed 10th IN 23 CH 24 IN 24 

Fri 12th WN 21 WN 21 WN 23 DN 25 

Wed 17th WG 20 WG 21 IN 20 

Fri 19th DN 20 

Mon 22nd NP 42 

Wed 24th DN 22 WG 27 

Fri 26th DN 21 

Mo:a 29th NP 50 NP 50 NP 50 AK 45 

Deo 

Fri 3rd CH 28 IN 21 CH 28 CH 24 

Mon 6th AK 48 AK 50 

Wed 8th AK J.µ+ TM 24 

Fri 10th IN 25 In 27 WG 26 

Mon 13th DN 25 

Wed 15th WG 28 TM 20 WG 28 WN 28 

Fri 17th TM 22 TM 24 IN 23 

Mon 20th CH 50 NP 28 

Wed 22nd WN 50 WN 50 
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Jan 

Mon 10th NP 50 NP 50 NP 50 AK 28 

Fri 14th DN 26 DN 26 IN 28 WG 26 

Mon 17th WG 27 WN 50 WG 28 CH 44 

Wed 19th CH 50 CH 50 

Fri 21st WN 28 

Mon 24th DN 26 

Wed 26th AK 50 AK 50 AK 50 NP 48 

Feb 

Vfed 2nd IN 50 IN 50 DN 50 46 

Mon 7th WN 45 WG 44 1WN 45 

Wed 9th TM 26 

Fri 11th TM 20 TM 20 TM 24 

Mon 14th AK 45 

Wed 16th DN 20 CH 47 WG 23 

Fri 18th IN 28 

Mon 21st NP 50 NP 50 NP 50 WN 26 

Fri 25th CH 24 DN 20 CH 28 CH 28 

Mar 

Wed 1st AK 23 AK 28 M 28 

Fri 3rd WG 26 

Wed 8th WG 20 WN 47 DN 20 NP 48 

Wed 15th IN 45 IN 48 DN 26 

Mon 29th IN 44 

Fri 24th CH 20 CH 20 CH 20 .AK 24 

Tue 28th WG 20 

Wed 29th .AK 20 M 28 WN 24 

Thu 30th TM 20 

Apr 

Wed 5th NP 49 NP 50 NP 50 

Mon 10th IN 50 

Wed 12th DN 20 AK 23 CH 26 

Fri 14th WN 20 NP 26 

Mon 17th DN 24 

Wed 19th IN 20 IN 20 TM 20 .AK 22 

Wed 26th TM 20 DN 20 TM 20 

Fri 28th WG 12 
WN 15 

May 

Mon 1st IN 25 
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Wed 3rd AK 20 

Wed 10th NP 23 

Wed 17th DN 20 AK 24 AK 28 

Fri 19th CH 20 IN 21 CH 24 
Mon 22nd ,, NP 25 
Wed 24th WN 27 · " DN 20 Dl\T 23 DN 20 

Fri 26th CH 20 . WN 20 AK 25 
Mon 29th IN 20 

Wed 31 st AK 20 WN 20 CH 20 WG- 12 
WN 15 

Jun 

Fri 2nd IN 20 

Wed 7th WG- 20 WG- 20 WG 24 

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 AK 28 

Totals 4?1 1,356 441 1,327 481 1,451 541 1,451 

1. Total number of sales rostered. 

I 
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.APPENDIX C2 EXAMPLE PROGRAMME ROSTER 

The roster presented in this appendix 'is the programme (unadjusted) 

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) and NST(J) respectively (in thousand bales) 

SAL~ 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-sale) and bales held over have 

units of thousand bale-days. Evaluation (closing to sale date period) 

parameters are in units of days. 

Removed Percent (storage) = 

Percent of Total (bales held over) = 

Storage Removed 
Total Storage 

Bales Held Over 
Total Storage 

100 
X --

1 

X 
100 

1 



WOO. SALE ROSTER 

1971 1972 CORR AVGE 

MAN DATE AUCKLAND WANGANU I - NAP, IER · WELL ING TON CHRISTCHURCH TI N.UU DUNEDIN INVERCARG ILL 
NII NST SALE NI NST SALE NB NST SALE NII NST SALE NB NST SALE NB NST SALE · 148 NST SALE NB NST SALE 

_1 -1 . DAY 5 9 

8 -1 SUN· 12 9 

·91NQNU9 

15 -1 SUN 19 9 

22 -1 SUN 2• 9 

29 •• SUN S 10 

,o l MON 4 10 

3 3 0 

3 3 0 

3 3 0 

4 4 0 

6 6 0 

9 9 0 

9 9 0 

H -1 SUN 10· 10 ., U 0 

4S -1 MIii 17 10 . 17 17 O 

44lMCINlllO 1717 _0 

.. o •o ao 10 17 · 17 o 

2 2 0 

2 2 0 

2 2 0 

2 2 0 

2 2 0 

4 4 0 

5 5 0 

5 5 0 

6 6 0 

9 9 0 

3 3 0 16 16 0 

3 S O 16 16 0 

5 5 0 25 25 0 

3 3 0 12 12 0 5 5 0 45 45 0 7 7 Q 

3 3 0 16 16 0 7 7 0 53 53 0 8 8 0 

3 3 0 16 16 0 7 7 0 5 3 53 45 8 8 0 

3 3 0 19 19 0 10 10 0 . 61 16 0 9 9 0 

4 4 0 23 23 0 11 11 0 67 22 O ll ll O 

5 5 ~ 24 24 0 15 15 0 71 26 0 12 12 0 

5 5 o 24 24 23 15 15 o 11 2• o 12 12 o 
9 · 9 ·o 21 5 o 20 20 .o 75 30 o 16 16 o 

8 I O 35 35 0 15 15 0 34 11 0 22 22 0 78 33 0 19 19 0 

8 8 O H 35 0 15 15 O 34 U 0- ZZ ZZ O 78 33 28 19 19 o 

8 8 0 35 35 2 5 15 15 0 34 U O ZZ ZZ O 78 5 0 l 9 19 O 

50 -1 SUN M 10 25 ~5 0 12 12 0 50 25 0 18 18 0 44 21 0 23 2J O 82 9 0 21 21 0 

52 1 TUI Zt 10 25 25 0 1Z U O 50 25 0 18 18 0 44 21 0 Z3 23 22 8Z 9 0 21 21 o 

!S7 -1 SUN 31 10 33 33 O 17· 17 o 67 . 42 0 23 23 o 49 26 O 27 5 O 86 U O 24 24 o 

58 l NON 1 11 J3 3J 25 17 17 0 67 42 0 23 23 0 49 26 0 27 5 0 86 13 O 24 24 o 

60 O NED 3 11 33 I O l7 l7 O 67 42 O 23 23 O 49 26 21 27 5 o 86 13 o 24 24 o 

64 -1 SUN 7 11 42 17 0 21 21 0 84 59 0 30 30 O 56 12 o 29 

65 l NON I 11 42 17 O 21 21 o 84 59 o 30 30 o 56 12 o 29 

7 . 0 93 20 0 32 32 0 

' 7 0 93 20 0 · 32 32 24 

67 O NED 10 11 42 17 O 21 21 0 84 59 0 30 30 23 56 12 O 29 7 O 93 · 20 o .. 32 8 o 

71 -1 SUN 14 11 51 26 o 30 30 O 99 74 O 43 20 o 64 20 o 33 11 o 97 24 o 41 17 o 

72 l NOH 15 11 51 26 0 30 30 21 99 11t o 43 20 o 1,,. 20 o 33 n o 97 . 24 o 4 1 11 o 

74 0 WED 17 11 51 26 0 30 9 0 99 74 0 43 20 0 64 20 0 33 11 0 97 24 20 41 17 0 

78 -1 SUN 21 11 63 38 - 0 41 2 o 118 93 o 54 31 ·o 76 32 o 39 11 o 102 9 ·O 46 22 · 0 

85 -1 SUH 28 11 75 50 0 46 25 0 135 110 0 61 38 0 85 41 O 44 22 O 101 · 14 0 51 27 O 
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165 0 WED .16 il 164 39 0 . 101 0 229 104 0 133 10 0 165 43 0 77 4 0 157 14 0 136 57 28 

0 168 46 0 

0 168 46 0 

79 6 0 16 0 1 7 0 144 37 0 

79 6 0 l!>O 1 7 0 144 37 0 

169 -~ SUN 20 2 · 167 42 O 102 2 0 231 106 0 134 11 

170 1 MON 21 2 167 42 0 102 2 0 231 106 50 134 11 

174 0 FRI 25 2 167 42 O 102 2 0 231 56 0 134 11 0 168 46 28 79 6 0 160 17 0 144 37 0 

176 -1 SUN 27 2 170 45 O 103 3 0 233 58 0 137 14 0 170 20 0 

177 1 · MON 28 2 170 45 28 103 3 . 0 233 58 0 137 14 0 170 20 0 

80 

80 

. 183 •l SUH 5 3 170 17 0 103 3 0 233 58 0 137 14 0 170 20 0 80 

7 0 163 20 0 152 45 0 

7 0 163 20 0 152 lt5 0 

7 0 163 20 0 152 45 0 

8 0 166 23 20 162 55 0 

8 0 166 3 0 \62 55 O 

184 MON 6 3 174 21 0 104 4 0 238 63 0 139 16 0 172 22 0 

190. -1 SUN 12 3 174 21 0 104 4 0 238 63 0 139 16 0 172 22 0 

81 

81 

l97 .-1 SUN 19 3 178 25 0 . 106 6 0 241 66 0 141 18 0 175 25 0 83 10 0 168 5 0 166 59 0 

202 ·O FRI 24 3 182 29 0 110 10 0 244 69 0 143 20 0 177 27 25 86 13 0 l 71 8 0 175 68 0 

8 0 175 68 0 204 -1 SUH 26 3 182 29 O 110 1 O o 244 69 0 143 20 0 177 2 0 86 13 ' 0 171 

,205 1 MON 27 3 185 32 28 113 13 0 248 73 0 145 22 0 178 ~-,! 0 

211 -1 SUN 2 4 185 4 0 113 13 0 248 73 0 145 22 0 178 3 0 

213 l · TUE 4 4 189 8 0 115 15 0 251 76 50 148 25 0 179 4 0 

218 -1 SUH 9 4 189 8 O 115 15 0 251 26 0 148 25 O 179 4 0 

219 l MON 10 4 194 13 · 0 . 116 16 0 253 28 0 150 27 0 181 • 6 0 

87 14 0 l 72 9 0 178 71 

87 14 0 172 9 0 178 71 

0 

0 

88 15 0 l71t 11 0 181 74 0 

88 15 0 l 71t 11 0 181 74 0 

90 l 7 0 l 75 12 0 l 86 79 50 

223 0 FR! 14 4 194 13 0 116 16. 0 253 28 0 150 27 25 181 6 0 90 17 0 175 12 0 186 29 0 

225 -1 SUH 16 4 194 13 O 116 16 0 253 28 0 150 2 O . 181 6 o 90 l 7 . 0 l 75 12 0 186 29 0 

,?32 -l . SUN 23 4 198 17 O 117 17 0 257 32 0 152 4 0 182 7 0 90 17 0 178 15 0 189 32 0 

239 -1 SUN 30 4 203 22 O 118 18 0 258 33 I 153 5 0 185 10 O 90 l 7 0 181 18 0 191 34 0 

240 l NON l 5 208 27 22 119 19 0 260 3!1 0 154 t, 0 187 12 0 90 1 7 0 l81t 21 0 192 35 0 

0 192 35 0 .246 -1 SUN 7 5 208 5 O 119 19 0 260 35 0 154 6 0 187 12 0 90 17 0 lilt 21 

247 l NON 8 5 217 14 o 120 20 0 261 36 0 155 7 O 189 lit O 90 17 0 186 23 21 193 36 o 

249 O WED 10 5 217 14 0 . 120 20 0 261 36 28 155 7 0 189 14 O 90 17 0 186 2 0 193 36 0 

253 -1 SUN 14 5 217 14 o 120 20 O 261 8 0 155 7 O 189 lit O 90 17 O 186 2 O ~3 36 o 

254 l MON 15 5 ·222 19 0 121 21 0 263 10 0 158 10 0 190 15 0 90 17 0 186 2 0 191t 37 28 

256 .O WED 17 5 222 19 0 121 21 20 263 10 0 158 10 O 190 15 O 90 17 0 186 2 0 194 9 0 
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260 -1 SUN 2.1 · .5 222 19 0 121 l 0 263 10 0 158 10 

267 -1 SUN 2t 5 . z.26 23 0 123 3 0 264 11 0 158 10 

268 1 MON 29 5 231 28 23 12,. 4 0 267 14 0 158 10 

27,. -1 SUN ,. 6 231 5 0 124 " 0 267 .14 0 158 10 

281 :..1 SUN 11 .6 236 10 0 124 " 0 268 15 0 158 10 

2118 -1 .SUH 11 6 237 11 0 124 4 0 268 15 0 158 10 

295. -1 SUN 25 6 237 11 0 124 4 0 268 15 0 158 10 

0 190 15 0 90 17 0 186 2 

0 190 15 0 90 17 0 186 2 

0 190 15 0 90 17 0 186 2 

0 190 1 5 0 90 · 1 7 0 l 86 2 

0 190 15 0 90 17 0 186 2 

0 190 15 0 90 17 0 186 2 

0 190 15 0 90 17 0 186 2 

0 l 91t 9 0 

0 196 11 0 

0 198 13 0 

0 198 13 0 

0 198 13 0 

. o 198 13 0 

0 198 13 0 

0 0 

0 0 
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0 0 

0 0 

0 0 
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SUHHA~Y OF SALES 

AND 

Pi: RFORMANC E PAR AMETERS 

AUCl<LAND WANGANU I NAPIE~ WELL ING TON CHIU STCHURCH TIMARU DUNEDIN INVERCARG I Ll 

TOTAL STOAAGE . 38490 22510 52550 29425 37521 17983 it03Z2 3 2739 
STORAGE REMOVED . 31782 18479 37169 23690 30733 13769 35214 24388 
NET STORAGE . 6708 3831 15381 5735 ua, 42H 5108 8 351 
REMD\IEO PERCENT . 82.57 8 2.98 70.73 80.50 81,90 u,.56 87. 33 74.49 

GRANO TOT STORAGE• 271540. 
GRANO TOT REMOVED• 215424. 
GRANO TOT REMAIN . 56116 • 
OVERALL PERCENT . 79.33 

&ALES HELO OVER . 2499 1157 9708 1649 2220 282 1129 3482 
PERCENT OF TOTAL . 6.49 5 .13 18,47 5.60 5.91 1.,, 2 , 79 10,63 

TOTAL HELO OVER . 22126 • 
PERCENT OF TOTAL . 39,"2 

TOTAL ARRIYALS . 237 124 26S 158 190 90 186 198 
TOTAL SALES SOLD . 226 120 253 143 175 73 18" 1 85 
REMAINDER UNSOLD . 11 .. 15 10 15 17 2 13 

G TOTAL ARRIVALS . 1"'1 
GRANO TOTAL SOLO . 136" 
G TOTlL REMAlNlNG • 87 

SJNGl.E SALES . 5 5 2 2 5 3 ,. 5 
ODU8LE SALES . 2 0 4 2 l 0 2 l 
TOTAL SALES . 1 5 6 4 6 3 6 6 

TOTAL S IHGLE . 31 
TOTAL DOU8L E . 12 
GRANO TOTAL SALES • 4 3 

EVALUATION DAYS . 67 it8 85 .... 71 3l 49 n 
HUleER OF SALES . 7 5 6 ,. 6 3 6 6 
AVGE LENGTH EVAL . 9.57 9.60 14, 16 11,00 11,83 10. 33 8,16 12 , 83 

TOTAL EVALUATI ON . 472 
TOTAL SALES . 43 
AVGE TOTAL EVALH . 10, 97 

...,. 
MONDAY SALES . 7 .. " 2 l l 5 3 (XJ 

0) . 
TOTAL MON SALES . 2? 




