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Abstract 

This project investigated creating computer algorithms and friendly sotiware interfaces to assist 

with the cheduling of single stage operations\\ ith equence dependant et-ups and ere\\ ro tering 

problems across multiple lines. 

Various techniques and approaches \\ere investigated for reducing the total solution pace 

including. grouping similar items and orders and bucket schedu ling. The principle of the Goldratt 

Method of Scheduling \\ere u ed 

A Tabu earch algorithm "as implemented to search for solut ions '' here total mal-e- pan ''as 

111inim1 ed and probability of missing orders \\3S tal..en into account in an unreliable production 

System 

,\ /1cro.,u/1 . lcce.\.1 and .\ ltcrli.\u/t I '1s11al Hosie 1\ ere used to create a stand alone application that 

interfaced\\ ith an Manufacturing Resource Plann111g s~ stcm 
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Chapter 1 - Introduction 



1. 1 - Overview 

This project was initiated by Pastoral Fuod\· (NZ) Umiled who approached Massey 

University's /nsti/11/ e of'Technology and 1~·ngineering for ass istance in improving their 

scheduling systems. Pastoral Food' saw great benefit s from bringing in new scheduling 

experti se and experi ence into their production-planning department. 

The purpose of thi s Masters Project from th e author ' s point of vi ew was to in vesti gate the 

feasibility of creating techniques and systems to impro ve cheduling in a typical New 

Zealand manufacturer Thi s would in vo lve in vesti gati on of the overa ll scheduling processes 

(including th e detail s of the data management systems used) and to deve lop th e use of better 

manual scheduling techniques and automati c scheduling systems. 

1.2 - The Project's Specific Goals 

The overa ll goal of the project was to use computer techn ology to ass ist in the creati on of 

good sequences fo r manu fac ture of products through the fac tories at Pastoml J.'rJ(Jlfs (i\'Z) 

Um11ed Under thi s goal some spec ific objecti ves we re created. 

The sequencin g rul es deve loped \Vere aimed at supportin g decision-makin g to achi eve : 

I. The max imum producti on poss ible in th e limited time ava il ab le by affectin g the 

·change of run · set-up times and find ing the best combin ati ons of products to run 

together through th e multiple production lines . 

2. To impro ve customer service by reducing the number of mi ssed orders to virtuall y 

zero. 

3. To reduce effect ive lead-ti mes by better order management and matching of production 

delivery to required lead-time. 



1.3 - Structure of this Report 

This report is written to explain the logic of the dec isions made in the development of a 

Computer Scheduling system for a processed cheese factory. The Next Sect10n of thi s 

Introduction gives a brief description of processed cheese factory (Pas toral 1:ouds) The 

structure of thi s report goes through each issue in turn and describes the problems an d a 

variety of techniques for coping with it and th en describes in detail the technique chosen and 

applied to Pastoral Food1·. 

Chapter 2 (Computer Pmgmmming .\\'.\tem.1) gives an overview of the strategy for the 

se lection of the computer systems on whi ch the project is based. 

Chapter 3 (Scheduling Techni<111es and ,\) ·stem.1) gives details of the types strategies and 

techniques for ove rcoming scheduling problems in particul ar the scheduling of single stage 

operations 

( '/wpter-+ (\/11/11.1·tuge Sched11/1ng lechmq11es) gives details of some strategies for 

ove rcoming multi-stage scheduling problems. Th is sect ion is by no means exhausti ve but 

give some insight into how a multi-stage sc hedu ling problem may be approached . 

In scheduling it is very easy to come up with a sin gle so lution, th e problem is th at the best 

so lution that can be found is more desirable than just th e first sched ul e found . Unfortunatel y 

there are many, many possible schedules in all but the implest situations and as such a 

search for better schedules must be conducted. C 'hap/er 5 (Techniques in Searching/or 

Sol11tion.1) describes some techniques for searching for the better solutions. 

Scheduling requires large amount of data to be available to the scheduler or scheduling 

algorithm. Chapter 6 (Da ta Collection Method.1) gives some systems and techniques for 

some of the more time consuming data collection tasks. 

rn many companies the customer' s satisfaction is far more important than the optimisation of 

the production processes. However optimisation algorithms often do not take thi s into 

account effectively enough and as such produce schedules that (in unstable or unreliable 
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manufacturing processes) may leave the company exposed to dissatisfying the market. 

Chapter 7 (Imm unity/ram Disruption) di scusses techniques that can be applied to Techniques 

in Searching.for Solutions (Chapter 5) to avoid thi s poss ibility. 

In some scheduling problems raw material avai labi lity is a major issues and must be full y 

researched before a schedule can be considered. Thi s act can be very time consumin g. 

However sometimes the raw material s are usuall y available for manufacturing at relativel y 

short notice and so that the scheduler or sched uling algorithm can assume that the mate ri als 

wi ll be available whe n required. Chapter 8 (Rllw Material Availability) di scusses this iss ue. 

In Chapter 9 (Optim1.rntwn Macros). Chllpler 10 (l'i.rnal lnterfc1ce.\) and Chapter 11 (CJrer­

All Solutions) a description of the ent ire system is given and how it is to be used . 

( 'hapter 12 (/Jisrns.rnm and ( 'oncluswns) describes the results that came out of this project 

1.4 - Introduction to Pastoral Foods (NZ) Limited 

Pastoral Foods (,'vZ) /,111111ed, which is wholly owned by the i\"ew Zell/and /Ja11y Hollrd. is 

th e only manufacturer of processed cheeses in New Zealand . PU, have markets all over the 

world incl uding Japan , South East Asia, Libya, South Africa, South America , the Caribbean, 

th e Midd le East, Austra li a and ew Zealand . 

1.4 .1 - Backg round to the Need for the Project 

Previously the New Zealand /)airy Board has hand led al I of Pastom! Foodv marketing. This 

has both helped and hindered Pastoral Foods. The New Zealand Dai1y Board's marketing 

organisation was able to offer the customers a large range of dairy products including 

processed cheeses from Pastoral Foods. In selling a se lection of dairy products there were 

often large amounts of commodity products (such as butter, milk powder and raw cheeses) 

ordered by customers with a small amount of processed cheese. This meant that Pastoral 

Foods products were not seen as significant to the New Zealand Dai1y Board (NZ/JR) or to 

the customers ordering them and so there was no pressure to improve customer service in 

terms of shortening lead-times or ensuring on time de livery. 
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Pastoral Foods (NZ) Umited is entering a new environment where it will no longer deal 

through the New Zealand Dairy Board for a significant portion of its business. This new 

situation has already bought competitive pressure onto the business, and heightened 

awareness of the need for change in the way customer orders are sequenced through their 

manufacturing processes. It has also become clear that more rapid response from th e process 

wi ll provide a significant competitive edge. 

Processed cheese like most food products has a limited life The agreed residence time of 

processed cheese in the Pastoral Foods stores is only six to eight weeks, even thou gh most of 

the processed cheeses have li ves of one year after manufacture This is because the 

customers require the product to be as fresh as possible and will not accept any processed 

cheese that is older than thi s agreed limit. In the past Pastoral Foods has manufactured all 

products to confirmed orders from customers and has not attempted to manufacture any 

product for stock. Eve n though there are forecasts sent in from the market for up to twelve 

months for al I products, the forecasts are not regarded as accurate enough to con firm for 

manufacturing. A fast reacti ng scheduling system is thus seen as imperative in order to allow 

Pustorcil Food1· to cope with the make-to-order environm ent. 

In a very short space of ti me the position of the company can change in terms of its 

production crewi ng requirements and so the company needs to know as early as possible 

what the req uirements are . When th e requirements do change suddenly they need to know 

the best way to rearrange production schedules so that all orders can be met in the most 

efficient manner. Hence there is a need for a fast reacti ng scheduling system. 

The scheduling system at Pastoral Fuud1· has not changed for years and is quite inefficient. 

It is a combination of a manual paper tracking system and an MRP-ll (Manufacturing 

Resource Planning) system called BPCS (Business Planning and Control System) that tracks 

customer orders, (planned) manufacturing orders and purchase orders. Any changes that are 

made to any order are very time consuming and manual to effect. Even if thi s change is as 

simple as altering the date of manufacture for an order, there is still manual paper work and 

adjustments to the MRP-lf system to put the change into effect. It is thus a management view 

that there is significant room for improvement in many facets of the Pastoral Foods 

production scheduling system. 
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1.4.2 - Manufacturing Facilities and Products 

Postural Fuuds (NZ) Umited has only one manufacturing site, located in Eltham, Taranaki , 

New Zealand. This site has two departments with eight manufacturi ng lines, making a 

variety of types of products as li sted in Tahle l. The whole factory usually runs 24 hours a 

day, five days a week (though all lines cannot run at the same time due to staffing numbers). 

Dept. Production Line Product Types Min Run 

IWS KD Line Indi vidual ly Wrapped Slices (IWS) 2400 kg 

Retro Line Individually Wrapped Slices (IWS) 300 kg 

SPC SOS Lines (2 Lines) Slice On Slice (SOS) 2400 kg 

RDS Line Cheez Toyz I Bodz 300 kg 

Spreads 300 kg 

Packet Line 250g Packets 300 kg 

Bulk & Block Line 20kg Blocks 300 kg 

2kg Blocks 300 kg 

Skins 300 kg 

Key Ingredients Line Enzyme Modified Cheese (EMC) 2200 kg 

Pastes and Slurries 300 kg 

Table I - Pastoral Foods - Manufacturing lines and product types. 

Within each product type there are a variety of formulations . A formulation is best described 

as the recipe or mixture of cheeses and additives that go into each product to give the desired 

characteristics of the cheese (i.e taste and texture etc) In addition to this there are also a 

variety of packing configurations. Packing configurations are the dimensions and weight of 

cheese portions, the number of portions in each pack and the arrangement of portions in the 

pack. Each item is wrapped in a specific film and packaged into specific cartons. The two 

main scheduling characteristics of each product are the formulation and the packing 

configuration, with the film and carton packaging having only a minor impact on sched uling. 

A list of all items in each department and their formulation, packaging configuration can be 

found in Appendix I . 

ln the manufacture of processed cheese there are six stages that are common to all products. 

The stages of manufacture can be seen in Figure I . The first stage of manufacture is 
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blending. Blenders vary in size on different lines at Pastoral Voods but they all do the same 

job and all have a problem with small formulation runs. This is because they require a 

minimum mass of formulation in a batch in order to be able to mix the blend properl y; hence 

they cannot manufacture runs of formulation s below certain defin ed quantities. Table I 

shows a li st of the minimum formulation masses that can be made for each product type. 

Carton Far:h1 n 1~ 

Figure I - Pastoral Foods Manufacturing Process 

For the majority of products. manufacture takes less than ten minutes from th e cooking stage 

to chilling and storage, so we can say that from a scheduling point of view these products are 

effecti ve ly sin gle stage operations. There are howeve r some products that do require spec ial 

chilling arrange ments. These products have to be chilled immedi ately after man ufac ture 

otherwi e the temperature of the product remain in g from manufacture wi ll cause th e cheese 

to go off at the centre of large blocks. Specifica ll y thi s is true fo r 20kg Blocks, 2kg Blocks, 

Skins and 250g Packets. The 20kg Blocks have their own spec iali sed blast chil ler that can 

hold 300 cartons and this is the maximum quantity th at can be manufactured per day. The 

2kg Blocks, Skins and 250g Packets all go into another chiller th at can hold enough product 

to allow th em time to cool , befo re the chill er is fill ed to capacity. Thi s means th at Pastorct! 

Foods can keep manufacturing these products contin uously wh il st unl oading the chiller at the 

other end. 

Whenever a line stops it will usuall y take several hours to wash down and several hours to 

get runnin g properly again The company wants to do maintenance work on all machines and 

so the factory lines must all be down at the same time for some periods. This situation lends 

itse lf particularly well to the five days per week, twenty-four hours per day operation, whi ch 

is used by Pastoral Foods . 
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1.4.3 - The Scheduling Problem 

Pastoral Foods products and processes have, what are called ·sequence dependent set-ups' . 

This means that the sequence, in which the products are manufactured, determines the set-up 

times and therefore the total manufacturing time or Total Make-span of the process. Pastoral 

f<'oods possesses several kind s of sequence dependent set-up problems in their scheduling. 

The first and main type of sequence dependent set-up problem involves a vari ety of 

formulation s with tight restrictions on certain components in the formulation s. It is seen as 

important that these formulations be run in a certain order. For example it is best to run 

li ghter coloured formu lations before darker coloured formulations This is because the 

effects of cross con tamination are minimal and thus the formulations can be run straight after 

each other without a time consuming clean up. On the other hand if the formulation change 

is from darker to li ghter colours then cross contamination in the pipelines will cause 

unacceptable dark streaking in the new, lighter co loured, formulation 

The same problem can also ex ist in some items with particularl y strict specification s on 

certain components. For exampl e low fat products have a very narro\v restriction on their fat 

content and so should be run before hi gh fat content formulations. There are man y other 

examples of thi s type of sequencing issue and l )ustoml r ·ood1· have worked out the best 

seq uence to run all of their formulations in order to minimi se changeover tim es and minimi e 

out of specificat ion formulations. Sometime there is no way to adeq uately arrange the 

products without creating sequences that produce large amounts or out of specification 

product. In thi s case a single full wash up of all equipment in vo lved w ill be a better 

alternative and the products will be run in two individuall y optimal sequences. 

The second type of sequence dependent set-up problem invo lves the variety of packing 

configurations. After the formulation sequence restrictions have been sorted out the next step 

is to find the packaging configuration sequence ( in li ght of the formulation sequence) that 

minimises the packaging configuration changes. For example, if the schedule includes .. 

ltem A - Pale Form ulation in l OOgram packs 

Item B - Pale Formulation in 250gram packs 

Item C - Colour Formulation in 500gram packs 

Item D - Co lour Formulation in 250gram packs 
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The best sequence wi II be to run all the pale products together and then the colour products 

and then within this try to minimise the pack weight changes. This would mean that the best 

sequence with minimum down time is to run the following sequence ... 

Item A - Pale Formulation in I OOgram packs 

Item B - Pale Formulation in 250gram packs 

Item D - Co lour Formulation in 250gram packs 

Item C - Colour Formulation in 500gram packs 

This sequence kee ps the 250gram items toge ther, whil st keeping the pale to colour 

formulation sequence. 

Thi s seq uencing problem cannot be optimised with standard sequences. It must be 

reca lcul ated and resorted for every sequence th at is prese nted to production . Thi s is because 

the best arran gement of packi ng co nfi guratio ns will depend on vvhat item formulation s and 

packing confi gurati ons are to be manufactured in the sched ul e. 

In th e two departments at J>os1oml Foods (Indi vid uall y Wrapped Sli ces (lWS) and Spec ialty 

Processed Cheese (SPC)) there are crewing requirements fo r the lines to be run In IWS they 

have four lines that are capable of manufacturing the same product types. Some lines can 

manufacture more effic ien tl y than others can. As such IWS must simpl y look at th e total 

amount of product they have to make and plan accord in gly th e total crewing requirements. 

SPC has a more complex problem. SPC was originally two departments SOS (S li ce on Slice) 

and SP (S pecialty Products) that had the crews for lines for RDS (Reco mbined Dairy Solids), 

Bulk and Block, 250g Packet and Key ingredi ents. Both of these departments had significant 

problems maintaining a steady level of work for their crews The market ' s requirements 

were quite erratic from month to month . This made it difficult to plan crewing requirements 

and to know how many temporary workers to hire and for how lon g. To help cope with thi s 

problem Pastoral Food\· senior management decided to unite these two departments and have 

all crew members trained up to operate all lines in both departments. This gave the new SPC 

department more flexibility to handle the ups and downs of required work. SPC has six lines 

but only enough staff to operate two, three or four (depending on how many staff they have 
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available) at any one time. Therefo re the SPC department has a crew rostering element in its 

scheduling problem. 

1.5 - Scheduling In New Zealand 

Pasturct! Foodv is not untypical of many New Zealand manufacturers, who are quite heavil y 

dominated by natural resource processo rs. Typically natural material processes in vo lve a 

small number of raw material items go ing in to their manufacturing facility and a large 

number of finish ed product items go ing out. These are termed· V plants· , because a map of 

products wil l show raw material s going in at th e bottom and fini shed products at the top ; 

hence it forms the ·y· shape . Some raw material processing manufacturers have very few 

raw materi als goi ng in and a huge number of fi ni shed products coming out with only one or 

two stages of the process determining what the majority of fini shed products will be. These 

factories are term ed ·T plants· aga in because of the shape formed by the product map. 

The majo rity of New Zealand man ufacturers are small companies that have simple operations 

whi ch effecti ve ly only have a few stages th at req uire scheduling. This means that they 

can not afford and cannotjustit\· spending large amounts of money on sophisti cated 

sched ulin g packages that do fa r more th an thei r factory's sched uling requirements. On the 

other hand a lot of New Zealand manufacture rs have very manual sched uling systems, 

developed in-house, that are quite inadeq uate in th e new era of the high competiti on market 

place with customers demanding short , accurate delivery lead-times. In addition thi s the task 

of scheduling is made espec iall y diffi cult by th e fact th at many New Zealand manufacturers 

have large complex ranges of products with some ·oddball' items th at are not at all sui ted to 

th eir manufacturing faci I iti es and are very different from thei r standard products. The author 

has perceived a need in thi s manufacturing scene for customisable scheduling systems that fit 

the simple operations typically found in New Zealand . 

Agai n because of the diverse product ranges and unstable markets some New Zealand 

companies have multiple production lines of simi lar machines or have diversified into other 

manufacturing lines. With multiple lines and erratic demand patterns New Zealand 

scheduling regul arl y includes crew rostering as part of the overall problem . 

9 



2. 1 - Overview 

The creation of a scheduling system will require many paper work tasks to be automated and 

by the nature of planning much information will need to be presented for apprai sal by the 

planner. The production planner will need to make deci sions based on the information 

presented and so the better th e information is presented the better the scheduling system will 

be. 

2.2- Database and Programming Systems 

Many database systems available today are applicable to the requirements in thi s proj ect. 

The best solution would most likely be th e one that was easiest to program and most 

maintainable. M1crusu/i Access is the most suitable choice because it is familiar to the author 

and many people at Pas/oral 1:ood.1 (NZ) Umi!ed and therefore is likely to create the least 

resistance for system maintenance etc. M1croso/i Access has a very large degree of 

functionality and is very easy to learn and deve lop new systems in . For these reasons the 

obvious choice of database system at the moment is ,\,/tcmso/i Access. Should any expans ion 

be required Microsoft Access application can be eas il y adapted to use Microsoft SQL Server 

and Microsoft Visual Basic which can be used to create faster and more access ible 

applications. 

2.3 - MRP-11 Systems and Interfaces 

Most major database information systems these days adhere to the ODBC (Open Database 

Connectivity) standard . Thi s is a great benefit from the point of view of system deve lopers 

because it essentiall y means that most major database systems can use and modify the 

information in most other major database systems. This includes software from both fBM 

and Microsu/i So using the IBM AS -100 mainframe computer disk operating software that 

interfaces with the BPCS MRP-11 software we can have data automaticall y exchanged 

between Micrusufi Access, Microsofi Vis ual Basic and BPCS. 
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3. 1 - Overview 

The general principles of ·constraint theory ' as depicted by h'liyahu M Guldrall in ?he Gual 

[4] and The Haystack ,\)1ndrume [5] are seen as significant components in modern scheduling 

theory. In these books Goldratt discusses the significance of ·the constrai nf on scheduling 

and the profitability of the entire organisation. Go/drat/ argues for global measures over the 

whole organisation instead of the traditional cost accounting approach of optimising all work 

centres in the organisation individually. He argues that in many organi sation s the cost 

accounting practice of try ing to gain maximum production on each and every sin gle machine 

is detrimental to the total production output of the organisation as a whole. The ·common 

sense· approach to thi s problem, is to focus on the one component of the process in the 

organisation that has least ·effective capacity" relative to its demand in all owi ng the 

organisation to generate more money. 

I f every machine or process in the manu fac turing process of the company has more capacity 

than it needs and the company can not se ll everythin g it makes (assum ing it make the right 

products) then the company is sa id to have a market constraint. If the organisati on ha 

problems obtaining enough raw materials to make all the products it wan t to th en the 

organi sat ion is said to have a supplier constra int. 

Cioldrotl [ 5] argues th at in the majority of organi sations if the marketin g department is 

vigorous enough and makes enough contacts, then they w ill be able to se ll all the capacity it 

has. If the company can se ll all th e capacity it has then the organ isati on is said to have an 

internal or capacity constraint. Thi s can usuall y be traced down to a single machine in the 

whole factory , or a single machine on each manufacturing line. This project has in vesti gated 

techniques for dealing with all three-constraint types, but has mainly concentrated on the 

internal production constraint. 

3.2 - Levels of Planning 

3.2.1 - Overview 

The levels of planning are defined for the purposes they serve and the rank in the 

hierarchy of the organisation they are associated with. According to Portugal and 

Oliver [3] there could be a level of planning for each level of hierarch y (typicall y 
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seven). However, typicall y organisations only require three level s includi ng the 

fo ll owi ng .. 

I. Long Range Forecasts and Rough Cut Capacity Planning 

2. Master Production Scheduling 

3. Shop Floor Control 

3.2.2 - Long Range Forecasts and Rough Cut Capacity Plann ing 

This is seen to be associated with the long-term goals of th e organisation and may take 

into account of market ·fashion· trends and analysis of new machinery requirements 

and major machinery maintenance and replacement. This wi ll typica ll y be done on a 

month-by-month basis of an entire year or more and in New Zealand is almost always 

done in accordance with the company 's accou nting cycles. Senior management has 

most input to this, because it heavily involves and is based in dec isions that relate to 

the long-term direction of the company. 

3.2.3 - Master Production Scheduling 

Master Production Scheduling (MPS) is the domain entirely of the planning office and 

in its most fundamental phase involves the sequencing of fi ni shed products (or batch of 

finished products to be made in a time block) as they are to exi t production . This cou ld 

also be app li ed to a major stage or constraint of the process of manufacture, instead of 

the finished product. MPS should deal with all the constraints of the manufacturing 

process and determine the best seq uence or mixtures of production in each time block 

to achieve maximum th roughput for the company as a whole. MPS is executed in time 

cycles usuall y of one week. Though the MPS sched ul e may be for several weeks or 

even month (typicall y between four weeks and three months) each cycle of it should 

be regenerated to refl ect the new situation . 

According to Arbita and Elmaghraby [6] , man y companies around the world put huge 

amounts of effort into their long to medium range planning but give littl e consideration 

to the short-term day to day scheduling that causes so many of their market ing and 

profitability problems. Because of thi s, thi s project shall focus on the day-to-day 

scheduling of a factory , especially MPS, though much consideration will be given to 

Shop Floor Control. 
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3.2.4 - Shop Floor Control 

Shop Floor Control is the day to day running on the factory floor of all operations. 

This in vo lves scheduling for indi vidual machines and is done in the finest detail 

necessary for instructions to be carried out on the shop floor Assuming a reali stic MPS 

has been forwarded to the Shop Floor Control stage of planning, the fin e detai ls of the 

production plan should be met within the due date restrictions supplied in th e MPS 

Shop Floor Control is also the stage of th e process that makes sure the sched ul e is 

being followed A very comm on and very signifi cant problem in sched uling is that th e 

MPS is not performed adequatel y to meet th e markets req uirements. The causes of 

these problems vary but many of them include . 

• Unpredicted maintenance requ irements of unreliab le machines. 

• Undiscip lined supervisors who like to make their own scheduling decisions 

wi th out planning offic e consultation . 

• A lack of comm uni cation of what is in the schedule to the people on the shop 

fl oor who are ac tuall y supposed to perform it. 

• In accurate stock keeping of raw material in ventori es, which causes a lack of 

ava il abi lity of raw mate ri als. 

Many compan ies have enorm ous problems (especia ll y with complex processes) in 

gett ing their schedule com pleted on time. According to Portugal and Oli ver it is not 

uncommon fo r compan ies in New Zealand (with hi gh variety production ) to have 

sched ul e adherence figures aro und 50%, (though a more common figure may be closer 

to 70%). Thi s probl em must be solved first, before the company looks at impro vi ng its 

scheduling systems. There is no point in producing the best schedul es th at are 

possible, if the schedul e is not go ing to be followed as accurately as poss ibl e. Solving 

thi s problem is very important to the success of any project that is foc using on the 

scheduling process and although it is beyond the scope of thi s project, it must be dealt 

with . 

Shop Floor Control also provides feedback to the scheduling office as to the status of 

the schedule and orders in the schedule. If orders are not going to be met on time or 

the schedul e is go ing to take longer or shorter than originally expected, then thi s 

information needs to be fed back to the MPS stage of planning. 
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There are two schools of thought on how Shop Floor Control should be run . In man y 

companies the day to day scheduling is performed by the shop floor supervisors, in 

accordance with a set of restrictions in due dates for the orders. This is done in 

practice by the scheduler giving the supervisors a ·stack · of orders and telling them to 

complete them all within a specified time frame in any sequence or manner they 

choose. The second school of thought is to have central control of all leve ls of 

planning and all decisions to be made through the planning office There are 

advantages and di sadvantages of both systems. Some of th e advantages of in volving 

the supervisors in the day to day scheduling include .. 

• The supervi sors have ·buy in ' to the schedule because they are involved in its 

creation and are th erefo re more moti vated to make it work and make sure it is 

completed on time. 

• The production planner cannot be there all day, every day to make all the 

schedulin g dec isions when daily issues arise. Invol vement, responsibility and 

authority are given to production supervisors so th at the correct decisions can be 

arrived at when they are needed 

• lfthe planner is not comp letely competent and knowledgeab le about all aspects 

of production then he I she cannot expect to make th e best dec isions abou t the 

factory sequencing and as such th ese detail s should be left to the direct shop 

fl oor supervi so rs. 

Some of the advantages of keeping control of the day to day sched uling in the planning 

office include .. 

• If the scheduler has good knowledge of planning requirements and goals and of 

the factory systems then he/she can make sure that the systems constraints are 

always full y utilised and the maximum potential is being realised from the 

factory (i.e. take a more ' global ' view to the planning than the supervi sors, who 

are likel y to take a very ' localised ' view) 

• Well trained planning office staff should be the only people who know all the 

ramifications of many Shop Floor Control decisions from all points of view 

including marketing, production and the company 's profitability. 

• A supervisor who is coordinating the scheduling may be seen to fa vour certain 

crews or shifts above others and therefore be thought to be arranging for them 

the easier parts of the schedule. With scheduler unattached from the supervision 
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staff the planning can seem to be fair and to randoml y di stribute the ·good' and 

·bad ' work. 

These two school s of thought have both got their good and bad points in all situations. 

But some situations will lend themselves more heavil y to one than the other. In 

general , if the planner is competent, then it is better to make sure that he/she is in total 

control of what is being made on all machines (wi thin reason) and has the ability and 

authority to put the schedule into effect 

Paswral Foods is attempting to move from factory supervisor contro l of schedu ling, to 

total control from th e planning office. 

3.3 - Simplification of Scheduling of Complex Processes 

According to 1'v/01ron and JJen11co [I], a machine on ly needs to be sched ul ed if a queue of 

more than one job appears in front of it. By thi s they simpl y mean th at if there are no queues 

it front of th e machine th en there are no scheduling decisions to make and the machine 

should always process the next avai lab le job. From thi s we can assume that any machines 

with sign ificant percentages of excess capacity can be left unscheduled. The (iu/dmtt [5] 

philosophy of scheduling says this can be taken a step further because we only need to give 

significant detail of sched ul e to the production constraints. If we are dealing wi th a simple 

process with on ly a few machines with queues then chances are there wi ll on ly be one 

schedul e to consider per line. 

Accurdtng to Morwn and Pentico [I], thi s philosophy is common amongst the schedu ling 

so ftware manufacturers including OPT (Optimised Production Technology), Schedulex by 

Numetrix and Q-Control by /Sh·. These software man ufacturers have had their successes 

with ·y plants' that are common use in process industri es. OPT was written by Goldratt in 

the 1970' s and according to Morton and Pentico [I] ... 

'· ... to this day OPT is still the scheduling software against which the abilities of all others are 

to be compared ." 

OPT will be di scussed further in Section ./.3 and Schedulex will be discussed further in 

Chapter 9. 
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3.4 - Scheduling Objective Functions 

According to Mot run and Pentico [ 1] the three main focuses of scheduling are .. 

I. Maximi se shop throughput over some time period ; 

2. Satisfy customer desires for quality and promptness; and 

3. Minimise current out of pocket costs. 

These objectives are based on the principle that we have already decided what orders we are 

going to manufacture for, given that manufacturing have already promi sed a deli very date to 

the marketing people and I or customers. Under these circumstances Goll/rot! [4] has three 

equi valent statements th at an organi sation should try to achieve .. 

I. Maximise Throughput dollars- rate at whi ch the system generates money (sales value -

(trul y) vari able costs): 

2. Minimise In ventory (i e investment) - the money ti ed up in the system; and 

3. Minimi se Operating Expense - the cost of owning the business. 

It is easy to see th at I and 3 from both li sts are eq ui va len t. It can also be argued that the 

purpose of point 2 in ( ;ohlron 's list is to ac hi eve shorter lead-times and higher quality. So it 

can be argued that these two li sts are essentiall y trying to achieve the same things. (iuldrnn 

[4] argues that th e current out of pocket costs are large ly constant in any organi ation . In 

normal acco unting practices, organisati ons · direct labour costs are considered to be variable, 

but Cioldrott argues th at these are essenti all y very stati c over long periods of time, because 

th ey do not change a great deal in relation to the output of Master Production Sched ul es. 

With the si ngle (o r small number) stage processes we are dealing wi th in thi s project, it cou ld 

be argued that in ventories will be small and th at the Master Production Schedule will not 

have a signifi cant effect on this. 

We can now state that the main focus of Master Production Scheduling in most New Zealand 

companies should be to sati sfy customer demand and to maximise throughput. From these 

two qualitative objectives we can define what we want to achieve and can (in some cases) 

create a mathematical equation that (if we get it ri ght) enables us to quantitati ve ly decide 

whether one schedule is better or worse than another one. This will enable us to see if any 

changes we make are an improvement to the schedule. A measurement of the schedule' s 

benefits should be taken over the whole of the schedule rather than any one part of it 
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According to Goldratt in The Haystack ""yndrome [5] , maximising Throughput Dollars is 

equivalent to maximising the production output of the constraint. The question of what time 

period to measure (and try to maximise) the constraints utilisation is important for the overall 

effecti veness of th e scheduling algorithm. [t would be des irable to measure the schedul e over 

all orders th at are known and planned to be made. This would give the opportunity fir a full 

optimisation over all orders. Howeve r it is not likely th at thi s will give stable so lution s 

because longer term projected requirements are likely to be very changeable as new orders 

come in and projections of req uirements change. It wo uld not be beneficial to measure the 

schedule with greater penalties for down time in the short-term and less in the long-term . 

With thi s the schedul in g algorithm wou ld simply force the ·oddball" items out into the future 

and make the 'run of the mill ' items in the short-term . The best so lution to this problem is to 

try to optimise the schedule over a period that al I customer orders and projections are judged 

to be unlikely to change signifi cantl y. We should only consider orders that are due for 

manufacture within this time frame This can be done equall y over the whole time of the 

schedule by ana lysing the Total Make-span of all orders in the stable horizon of the schedule. 

A stab le horizon may be typically.+ to 6 weeks. Tota l Make-span shou ld be measured in 

hours. 

To sat isfy all of th e company"s customers in the best possible way the schedule must make 

all of th eir orders on time and in full Someti mes thi s may not be possible because the 

constraints do not have enough capaci ty to meet all that has been promised In thi s case the 

scheduler should look for a sched ul e that utili ses the constraint to best advantage whi lst at th e 

same time satisfy ing all of the most importan t cu tamer orders. On the other hand if the 

factory has enough capacity to meet all of its customer orders then th e customer's sati sfacti on 

should be paramount and any schedule that allows the company to mi ss an order should be 

rejected in favour of a schedul e that meets al I customer orders. 

Manufacturing is a process where man y things must occur in the correct quantity, the correct 

quality and in the correct timing on every item so th at a schedul e can be produced in full and 

on time. Disruptions are a regular occurrence and they can lead to significant difficulti es in 

accomplishing a schedule adequately. While we cannot predict when significant disruptions 

are go ing to occur we should try to find a way to protect the customer' s satisfaction from 

them . Goldrall in The Haystack Syndrome [5] suggests some ways of doin g thi s with 

changes to the buffer management in the manufacturing and scheduling processes. Goldratt 
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advocates a ' fini shed product shipping buffer time ' is added into the production schedule. 

This means that the schedule should always plan all orders to be finished prior to a finite time 

before they are due for shipping. This time could be different for each item (depending on 

how difficult or unpredictable the item is to manufacture ), different for each customer or even 

for each order (depending on how much importance is attributed to the order) . A penalty 

should be placed on any schedule that pl ans any order to be made some way into thi s 

shipping buffer, (measured in days of buffer used) 

Taking the Go/drat! philosophy of buffer management furth er, it can be argued that if we can 

predict a high chance of mi ssing an order due to an unplanned breakdown, th en we shou ld 

penali se thi s schedule. As th e predicted probability of mi ss ing an order becomes less th en we 

should penali se these schedu les less. The method of pred icting the probability of missing an 

order is di scussed in ( '/wpter 7. 

Tak in g all of th ese into acco unt we will have an equati on that looks someth ing like the 

fo ll owing .. 

Schedule Index = [Total Make-span] 

Where: 

- ~ ( [Penalty for missing an order] * [Days order will be late] ) 

- ~ ( [Penalty fo r using shipp ing buffer]* [Day of shippin g buffer to be used]) 

- ~ ([Pena lty for 25°0 chance of missing an order] ) 

+ L: ( [Penalty for I O~o chance of mi ss ing an order] ) 

~ ([Penalty for 5°0 chance of mi ssi ng an order]) 

Schedule Index = Method of comparing one schedule ' s benefits and costs compared to 

another. 

L: = Sum of all components (orders). 

[Total Make-span] = Total time taken for all orders to be manufactured on the constraint for 

orders within the current scheduling horizon , measured in hours. 

[Penalty for missing an order] = Management assessed cost of missing an order, measured in 

hours per days late. The amount of constraint time management is prepared to give 

up in exchange for meeting an order. 

[Penalty for using shipping buffer] = Penalty for risking missing an order, measured in hours 
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per days of shipping buffer used . (<< [Penalty for missing an order]) 

[Penalty for 25% chance of missing an order] = Penalty for taking a 25% risk in mi ssing an 

order, measured in hours. (<< [Penalty for mi ssing an order]) 

[Penalty for 10°0 chance of mi ssing an order] = Penalty for taking a 10°0 ri sk in mi ssing an 

order, measured in hours.( < [Penalty for 25 % chance of mi ss in g an order] ) 

[Penalty for 5% chance of mi ss ing an order] = Penalty for taking a 5% ri sk in mi ssing an 

order, measured in hours. ( < [Penalty for I 0° o chance of mi ss ing an order]) 

These percentages (25%, I O°;o and 5°10 are just examples and any probabilities could be 

chosen. With the exception of Total Make-span (which is genera ll y accepted as the un it of 

measure by which a schedule cost to benefit can be judged) these meas ures are all very 

subjective and there is no hard and fast rul e for deciding what values they should have . The 

best approach for deciding their va lues would be to try some va lues and see what works most 

appropriately . It is dubious as to wheth er or not th e [Pena lty fo r 0 o chance of missing an 

order] is worth having in the formula . This will require extra calculation time when 

searching for a good schedule and so it may be more beneficial to look over more schedu les 

than to look at this detail Thi s subj ect is covered further in ('hap1er - . 

3.5 - Sequencing 

Sequencing in vo lves the actual ordering of items or orders through the machines over a 

period of time We may choose to do bucket scheduling (discussed later in Section 3. /0) , in 

which case in each time lot th e scheduler will find the best sequence of manufacture without 

considerati on of the exact due dates. Th is concept wi 11 be di scussed further later in Sect wn 

3.6) 

In scheduling there is an obstacle called the ' combinatorial problem'. This problem is at the 

heart of why scheduling is so difficult. The number of sequences that are possible through 

only one machine for a number of items is equal to the factorial of the number of items. 

That is .. 

n items means nl possible sequence and n! = n *(n-l )*(n-2)*(n-3 ) ... 3 *2* I 

For small numbers of items n 1 will remain reasonabl y small , but it very quickl y increases as 

the number of items increase. If we are to find the absolute best sequence in a set of n orders 

19 



then it is necessary to simulate every possible sequence and test its quality of sequence. For 

sixteen items the number of possible sequences is .. 

16 1= 20 922 789 888 000 

It would take a very fast algorithm on a very fast computer approximately two thousand years 

to calculate, analyse and assess all of them. The most it is practical to do in a useable time 

frame by searching through every single poss ible sequence is about twel ve items according to 

Mo rton and Pentico [I]. The best that thi s project was able to achieve using Visual Basic on 

an Intel Pentium-II 200 MHz computer was ten items in just over two hours or nine items in 

less than ten minutes. We are usuall y tryi ng to schedule many more items than this , so a 

better way must be used. This issue is di scussed further in C 'hurter 5. 

3. 6 - Sequence Dependant Set-Ups 

3.6.1 - Overview 

Sequence dependant set-ups are a problem th at makes the job of sched uling one or two 

stage processes much , much harder. Were it not for seq uence dependent et- ups then a 

single stage manufac turing process could be best sched ul ed by the Ear li est Due Date 

(EDD) method. This is as simple as sequenc in g the orders in due date succession . If 

there are significant variations in the average set-up times for changing from product to 

product th en a schedule can be improved by looking for small orders and ·Gro upin g· 

them together before the earliest required order is due. 

Sequence dependent set-ups are a problem most obvious when sequencing a batch of 

order , such as in bucket scheduling (di scussed later in Section 3. JO) . Sequence 

dependant set-ups occur when the sequence in which items are manufactured has 

significant impact on the Total Make-span of the schedule. Given the combinatorial 

problem (mentioned previously in Section 3.5) finding the most appropriate sequence 

for a large scheduling problem may be difficult. Sequence dependant set-ups are a 

very common problem. In general, literature on scheduling tri es to avoid thi s problem 

and wil l explain that they are not prevalent. According to Proud [7] surveys of 

manufacturers in the Unit States of Ameri ca show that more than 70% of 

manufacturing operations have significant sequence dependant set-ups. They are 
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commonly found where a single facility carries out several different kinds of tasks and 

in New Zealand there is likely to be an even higher proportion of companies with this 

problem. 

There are three general types of sequence dependent set-up problems that have been 

defined in this project, all of which had to be dealt with . They are ·standard 

Sequence", ·conditional Standard Sequence' and ·Trial and Error Calculated 

Sequence '. Combinations of any two and all three of these are also likely. 

3.6.2 - Standard Sequence 

Standard sequence is the most simple and easy to deal with of all sequence dependent 

set-up problems. This involves scheduling items according to a set or standard 

sequence that is organised to be optimal for minimum Total Make-span. This is 

common in food manufacturing companies where products are manufactured in a pale 

to dark style of sequence. 

3.6.3 - Conditional Standard Sequence 

Conditional Standard Sequence problems are an extension of the Standard Sequence 

probl ems. The appropriate sequence can be chosen from a li st of alternatives 

dependent on certain (if-then-else) conditions. 

If certain criteria from a list of alternatives are met then the sequence is determined 

from a li st of Standard Sequence alternatives . 

3.6.4 - Trial and Error Calculated Sequence 

Where there is no standard sequence and the problem 's optimal sequence depends on 

what items have to be made or how much of each item has to be made, then for each 

proposed sequence the Total Make-span and total objective function must be 

evaluated . This means that we will have to search for a solution amongst then' 

possible sequences. Operations Re earch Science regards this as the equivalent of the 

Travelling Sales Person (TSP) problem, where a sales person must travel from one 

place to another and in the journey visit various cities and various locations within 

each of these cities. Travelling times between cities are analogous to the changeover 

times on machines in manufacturing, so to minimise the total distance travelled by 
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choos ing the shortest path around the cities is analogous to minimisi ng the Total 

Make-span in manu fac turing. Road atl ases have lists or matri x of di stances between 

majo r cities. Thi s is analogous to the scheduling req uirement of a matrix of the 

changeover times between items. An examp le of a ·from item ' versus ·to item ' matrix 

where the ·from items' are li sted verti cally down the left side and th e ·to items' are 

li sted horizo ntall y across the top can be seen in Tahle 2. 

To Item 

<( Ill (.) Cl w L1. (.!) I - ..., .c:: 
E E E E E E E E E E 

If) 

c:: Q) Q) Q) Q) Q) Cl) Q) Q) Q) Q) ·-- - - - - ..... - ~ - - LL 

Start 20 20 20 20 20 40 20 30 20 20 -

Item A - 10 5 5 5 5 10 10 10 15 30 

Item B 20 - 10 15 15 15 20 15 20 ') -_) 30 

Item C 30 ') -_ ) - 20 15 15 ') -_) 15 ') -_) ') -_) 30 

E Item D 15 20 30 - ;-_ ) 20 20 20 27 ') -_) 30 
Q) - 20 ') - 30 Item E 30 30 20 - 20 ') - ') - 'r _) _) _ ) _) 

E 
0 Item F 40 20 45 ;- 20 ') - 20 ') - 30 30 i... _ ) - _ ) _ ) 

LL 

Item G 60 30 30 20 30 20 - 20 30 32 30 

Item H 120 120 120 120 120 120 120 - 60 60 120 

Item I 120 120 120 120 120 120 120 60 - 60 120 

Item J 120 120 120 120 120 120 120 60 60 - 120 

Table 2 - Item versus Item Changeover Times Ma trix (Exa mple). 

To obta in the changeover time from · item D' to ' Item! ', look down the left co lumn on 

the matrix to fi nd the row labelled ' Item D' and then travel across that row to the 

column labell ed ' Item! ' . The changeover time from ' Item D' to ' Item l ' is 27 

minutes. [fwe are manu facturing a set of items then one row and one column must be 

chosen of each of the items to be sequenced as well as one item from the start row and 

one item from the fini sh column. l f we choose the collecti on of these items with the 

lowest total then we will have chosen the sequence with minimum Total Make-span. 

Thi s matri x and how to construct it wi ll be di scussed further in ection 6.3 and fi nding 

the best sequence in thi s matrix will be di scussed further in Chapter 5. 
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3.6.5 - Combinations of Sequencing Techniques 

In many cases there are ' Groups· that require sequencing by one technique with 'Sub­

Groups ' (inside these ·Groups ' ) to be sequenced in another technique. These 

combinations of sequencing techniques can be coped with in an iterative manner, by 

examining each in turn as required . All of the production Imes at Pastoral J.'ood1· 

exhibited combinations of standard sequences and trail and error calculated sequences. 

3. 7 - Grouping Similar Items 

When we are manufacturing a diverse range of items then it is quite likely that th ese items 

will have seq uence dependant set-ups. It is also natural and logical to want to manufactu re 

similar items together in stead of breakin g them up . lf we know we want to manufacture 

certain items together then there is no point in testing the consequences of manufacturing 

these items separately. Thi s can be seen to be similar to a travelling sales person, who visits 

a client in the northern part of Auckland Ci ty, trave ls to cen tral Wellington to visit another 

client, travels back to Auckland to visit another cli ent in th e Southern part of Auckland City 

and finally trave ls back to th e northern part of Wellington to visi t the final client in Porirua. 

If the salesman ·s trave lling time is considered important and the exact dates for vis iting the 

clients are not so important, then thi s path is obviously not sens ibl e. A more logica l approach 

would be to visit all the clients in Auckland and th en travel to Wellington to visit all of th e 

clients there. It is also bette r to find the best path arou nd Auck land and Wellington ci ties We 

must find the best path in side each city in li ght of where the sales person is go ing to, afte r all 

the clients in thi s city have been visited . 

In terms of production scheduling the procedure is as follows 

I. First define 'Groups ' of items with minimal differences, i.e. products with small 

changeover times to be separated from item s with large changeover times. This will be 

a judgement call and any experienced production supervisor will be able to di stinguish 

the product list into at most 6 to I 0 ' Groups ' in most factories 

2. Define the average changeover times between the 'Groups ' and assemble the matrix as 

described in Section 6.3 . 

3. Find the best sequence of ' Groups ' that has the minimum Total Make-span. 

4. Within each of the above, defined ' Groups ', define ' Sub-Groups ' of items with 

significant differences in changeover times. 
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5. Define the average changeover times between the ·sub-Groups' and assemble th e 

matrix as described in Section 6.3. 

6. Find the best sequence of·Sub-Groups· (within the sequence of ·Groups') that has the 

minimum Total Make-span. 

7. If necessary repeat steps 4 to 6 in thi s procedure. 

Note: It is important to minimise the number of ·Groups· and if appropriate split the ·G roups ' 

into ·sub-Groups' and then ·sub-sub-groups· if necessary. This is done to minimi se the 

combinatorial problem as much as poss ible If we have too few ·Groups· then we may run 

items together that are not reall y suitable and in volve significan t changeovers. lf we have too 

many ·Groups· then we wi ll still have a signifi cant combinatorial problem to deal with . 

Using thi s proced ure th e combi natori al problem can be reduced signifi cantl y. For example if 

we have 27 items, calcul at in g these items as a full combinatorial problem, we wo uld need to 

assess .. 

27 1 = 10 888 869 450 418 400 000 000 000 000 possible seq uences. 

Firstl y we shall take those 27 items and di vide them into 5 ·Groups ·. Then we shall take 

those 5 ·G roups· and sub-di vide each ·Group· into-+ , 3, 4, 2 and 2 ·s ub-Groups ·. Assum in g 

the sequence of th ese items wi thin th e ·s ub-Gro ups· does not affect the Total Make-span of 

the sched ul e or it can be assessed by a standard sequence, then we could reduce the number 

of calculations to .. 

51 + 41 * 3 ' * 41 *21* 2' = 13944sequences. 

This procedure has turned the very large , unwieldy requirements of the combinatorial 

problem into a small and easy set of calculations. 

Grouping similar items can also reduce the solutions space for selecting the week to 

manufacture orders. If we require two orders that are due at about the same time and are 

similar in manufacturing requirements (i.e. the same ' Group') then there is no reason why we 

would want to split them up. We can reduce the number of orders we are dealing with by 

locking these orders together and treating them as the same order. This will reduce our 
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solution space significantly. For example if we have 60 orders to be manufactured then we 

have a solution space of. 

601 = 8.320987 * 1081 poss ible so lution s. 

Reducing thi s by ·Grouping' similar items may give us as little as seventeen (for example) 

·Grouped' orders. 

171 = 3.55687 * 1014 possible sequences. 

Thi s is a significant reduction in the so lution space and therefore could be very worthwhile. 

The problem with this process of is that th e detail of an indi vidual customer ' s on time 

deli very req uirements or oth er such needs are lost. B cause of thi s loss of detail we should 

ensure that there are significant gains to be made from ·Grouping· together similar items. 

3.8 - Crew Rostering 

Where companies own more than one 1 ine or more than one set of machines and they don ·t 

have the market req ui rem en ts to make al I of th eir Ii nes work ful I ti me, th en they may 

consider try ing to multi-skill their vvorkers to be capable of operatin g more than one 

production line. Thi s will enable the company to become more fl exible and more capab le of 

responding to its market's req uirements. T hi s wi ll mean that sched uling wi ll not on ly have to 

seq uence the production over each l ine but also work out how many hours each line will have 

to work and when . A n example of thi s is where a man ufacturing operation has five lines (for 

example) and only enough crews to be ab le to operate any two of them at any one time. Th is 

example can be easil y seen in the form of a Gantt chart as in Figure 2. From the chart it can 

be seen that no more than two lines are operating at one time. Gantt Chart will be di scussed 

in more detail in Section 10.2. 
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Gantt Chart of Crew Rostering 

Line 1 

Line 2 I I 

Line 3 I I 

Line 4 I I 

Line 5 I I 
I-;:. 

Time 

Figure 2 - Crew Rostering Gantt chart (Example) 

There are also manufacturing operations where the number of people who are required to 

operate the lines is not th e same or approximately the same across all products/lines. The 

way to approach thi s crew rostering problem (both types of problems mentioned above) is to 

treat them as an extension of the seq uencing problem. The CJoldmtt [5] scheduling method 

(as di scussed in Section -I./) says to sched ul e the constraint first and th en schedul e th e non­

constraints. If we assume th at th e crews are the constraint, then we can attac k the probl em by 

assuming that the sequence we are manufacturing in is the sequence the crews are working on 

each order. We can schedule each order one at a time and place it in the first tim e slot where 

we have crews availab le and an appropriate manufacturing line to make it on This way we 

are always using as much of the constraint as poss ible and the sequence of orders determines 

the effectiveness of the schedule by examin in g the Total Make-span of the constraint. 

3.9 - Time Management Techniques 

3.9.1 - Overview 

How to manage time is a probably the single most signifi cant aspect of a schedu ling 

system. There are two basic alternatives to ' attack ' time management. The first and 

most fundamenta l one is to treat time as a continuous line and the second technique is 

to use bucket scheduling. Both techniques have been investigated in thi s project 
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3.9.2 - Continuous Time Line Scheduling 

Continuous time line scheduling is simply taking each order to be manufactured and 

placing it on a time line that represents available capacity Thi s is to be done for each 

machine to be scheduled and availability of orders that depend on the use of other 

machines prior to man ufacture must be taken into account. This is di scussed further in 

Chapter -1 . T his philosophy can take into account of all possib le scenarios and can 

attempt to see what the possibilities and consequences are for manufacturing in any 

sequence. The problem w ith thi s technique is that it still has to overcome the full 

combinatorial problem. A ny sequence is poss ible and so it could search throu gh a lot 

of seq uences that are irrelevant and ti me wasting 

3.9.3 - Bucket Scheduling 

Bucket scheduling is the use of discrete time lots to organi se producti on into blocks 

that are manufactured together. The procedure for bucket schedu ling is as fo ll ows .. 

I . Place the orders along the time line in a sequence, (e.g. Earliest Due Date 

equence). 

2. Divide the time line into discrete time lots or buckets. For example time lots 

may be a day or a week or half a week depending on what is best for the 

manufacturing I marketing ystems requirements. 

3. Sort the orders placed in the first sched uling bucket into an optimal sequence. 

4. Check to see that all the orders start in the scheduling bucket being in vestigated . 

( If a large order is at the end of the scheduling bucket in the first seq uence and 

the seq uence is rearranged, a smaller order at the end may have to be started in 

the next cheduling bucket and therefore should be included as part of the next 

scheduling bucket ' s sequence). 

5. If the orders in the current scheduling bucket have changed in step 4, the 

sequence may need to be re-optimi sed. 

6. Repeat steps 4 and 5 until the orders in the scheduling bucket stay the same. 

7. Repeat steps 3 to 6 for each success ive required scheduling bucket w ith the 

remaining orders. 
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The advantage of bucket scheduling over continuous time line is that if we are 

searching for the optimal solution then we have reduced the combinatorial problem 

significantly. lf we use an example of 60 orders, a continuous time line will give 

60 1 = 8 320987 * I 081 possible sequences. 

If these 60 orders fit into 6 scheduling buckets and we assume that each cheduling 

bucket can fit exactly I 0 orders and we assume that the 'in bin ' sequence does not need 

to be re-evaluated for each and every possibl e seq uence then the so lution space w ill be 

as follows ... 

611c . soc 411c 111c 211c . 111c _ ., 6 141 - 1042 'bl 1 . 111 "' 111 * 111 * 111 * 111 "' 111 - .J . -+ ) * poss1 e so ut1ons. 

Where : 

11C, = n Combination r 

= all possible combination s of r objects elected from a population of n objects . 

= n1 ' ((n - r) 1 *r1) 

This is a substantial gain relative to the required calculation time . Alternative!) if we 

assume that the sequence does need to be re-evaluated for each and every possibl e 

sequence then the solution space will be as follows .. 

(>li p 511 p lll p illp !li p !O p 8 3"099 1081 'bl I . 111 * 111 * 111 * 111 * 111 * 111 = . L. * poss1 e so ut1ons. 

Where : 

"Pr = n Permutation r 

= all possible combinations and sequences of r objects selected from n possible 

objects. 

= nl / (n - r)' 

= "Cr* n 1 

In this case there does not appear to be any reduction in solution space from bucket 

scheduling. So bucket scheduling should be looked at on a case-by-case basis. 

28 



There may be cases where, the comparison of bucket scheduling to continuous time 

line is favourable to bucket scheduling, but there is concern over the lack of detail s 

available in bucket scheduling in terms of the actual due dates This may cause an 

increase in lead-times and a decrease in responsiveness to required changes In thi s 

case a small er scheduling bucket size may be required. The small er the scheduling 

bucket's size the larger the solution space and the more calculations will be required, 

but it may significan tl y improve the system 's responsiveness. The scheduling bucket's 

size could be defin ed accordin g to ' in significant' differences in due date though thi s 

may become too expensive in computational time if the sched uling buckets become too 

small. If the manufacturing system's scheduling buckets sizin g is best suited to whole 

week scheduling buckets (because of li gh t to dark colo ur - type of sequencing over a 

whole week), but a better response time is req uired by marketin g, th en it may be 

beneficial to move to half week scheduling buckets, wi th the al lowance that the bucket 

sched uling system should take into acco unt of the changeover times in between the 

buckets in the same week. With thi s we will gain the benefit s of better responsiveness, 

together with some of th e benefi ts of reduced solution space from the use of bucket 

schedu ling. 

3.10 - Scheduling Systems with MRP-11 

3.10.1 - Overview 

An MRP-ll system will usuall y have an automatic scheduling system built into it. 

Often these are infinite capacity schedulers, which accordi ng to Go/dra ft in The 

Hays tack Syndrome [5] are not appropriate for the task of scheduling in the majority if 

organi sations Infinite capac ity sched ul ers, if they work, at best will under utili se the 

constraint and therefore not generate a schedule that max imises the company's 

profitability. MRP-ll systems do however have systems that take care of a lot of the 

fundamental information that is required for finite capacity schedulin g systems. 

To help the scheduling system the MRP-11 system has to take a li st of customer orders 

and/or forecasted requirements and on hand stock quantiti es (from li ve data), and 

translate them into a li st of required production orders as well as material requirements. 
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3.10.2 - Master Production Schedule Program 

A Master Production Schedule will contain a list of finished goods requirements for 

production . From this the scheduling system will need to execute the Materials 

Requirements Planning (M RP) program that will explode through the Bill of Materials 

(BOM) to create a listing of the required production . 

There are many variations on terminology used in companies, in thi s report the APICS 

(A merican Production Inventory Control Society) standard terms shall be used . 

The standard system for analysing requirements is MPS. The MPS finished goods 

requirements li st is made up by taking customer orders and forecasts (from th e 

customer), and comparing them to the stock on hand . This enables MPS to generate 

·Planned Orders·. Planned Orders are MPS only generated data objects that sit in the 

MRP-11 system advising the scheduling office and purchasing office that there are 

requirements for particular items on a particular date. The MPS procedure will erase 

old Planned Orders and generate new Planned Orders each time the program is run on 

the system. The schedu ler can look at the Planned Orders for production and decide 

whether or not to manufacture them. If the schedu ler decides to manufacture a 

particular Planned Order then he 'she will turn the Planned Order into a Finn Planned 

Order (FPO) A Firm Planned Order is an order that the MPS system will take into 

accoun t when it generates the li st of Planned Orders, but will not change, create or 

delete them . The Firm Planned Order versus Planned Order arrangement is done so 

that some stability can be bought to the li st of requirements, rather than a continuously 

changing li st of requirements with an assortment of unwelcome surpri ses and new 

orders. If the MRP-11 system were allowed to change, create or delete Firm Planned 

Orders then there would be chaos with the planning office trying to balance machine 

loadings and the purchasing office trying to arrange for on time delivery of raw 

materials. When the time is right to manufacture a Firm Planned Order, the production 

planner will run a program that will convert the FPO into a ' Shop Order ' (sometimes 

called a ' Works Order ') for manufacture. A Shop Order will contain manufacturing 

instructions for the item of the original Firm Planned Order. This system can be seen 

in the procedure diagram in Figure 3. 
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Manua l Entr y 

Customer Orders 

BPCS Create 

Flann ed Orders .. 
Sch eduler Pep lace Raw Mat8f1als Reqs 

Firm Plan nd Ords 

Pu rch ase Orders 

Raw Maren als 
/ 

/ 

I Prod Schedule 

Figure 3 - Master Production Schedule Procedure 

The system of automatical I y ge nerated Planned Orders, manuall y turned into Fi rm 

Planned Orders and then into Shop Orders is good from the point of view· of control 

over ma nu factur i ng. However th is is cumbersome and unnecessarily complex from the 

point of vievv of interfacing a computeri sed scheduling system with the MRP-1 I 

system. It is better to mi ss out the Planned Orders and Firm Planned Orders step and 

go straight to the creation of Shop Orders from customer orders and 'or forecasts 

Plann ed Orders wi ll be generated by the MRP-ll system an yway and thi s can still be 

used to fl ag requirements for purchasing, but production scheduling should have no 

need for them This has man y advantages including the abi lity to have the independent 

planning system determine if parts of forecasts are to be scheduled for manufacture. 

This is preferable to 111terfering with the MRP-ll Planned Order system, which may 

have effects on other functions in the system and the company that use Planned Orders. 

The scheduling system deve loped in this proj ect will manipulate the dates of start of 

manufacture (also known as ' Release Dates ' ) of the Firm Planned Orders and Shop 

Orders. Most information required for the scheduling systems is stored in the MRP-Il 

system. Some information that may be required and may not be in the MRP-l I system 

include .. 

• List of standard items with 'Groups ' and ' Sub-Groups ' (similar item 

'Groupings '). 

• Hours ava il able on machines. 

• Matrices of changeover ti mes. 
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For the scheduling system to work properly it is necessary to have all the information, 

ready available and always correct. 

3. 11 - Scheduling Systems without MRP-11 

To create a scheduling system in an environment without an MRP-ll system will require a 

great deal more work and extra systems to be built. These could include .. 

• List of current unfilled orders. 

• Li st of standard items with machines, production rates, ·Groups· and ·sub-Groups' etc. 

• Matrices of changeover times. 

• Bill of Materials ( BOM) 

• List of lines and their capacities. 

• Calendar of hours available on machines. 

The list of standard items, li st of I ines and their capacities and calendar of hours available on 

machines can be solved by usin g stan dard databases in 1\,flcro.wfi rl ccess or an) other 

database. Matrices of changeover times are di sc ussed further in Section 6.3 . Bills of 

Materials are a standard that are very com mon in most compan ies that need them , th ough 

they are beyond th e scope of thi s proj ect they are di sc ussed in Chapter 8 . 

Scheduling systems require up to date information and in the absence of an MRP-11 system 

there is a need to find a way to keep informat ion up to date. Fo r a busy production planner, 

the act of keeping the li st of current orders up to date, can be very time consuming A far 

more time effective and logical way of maintaining the li st of current orders is to use an 

integrated system over the whole company. The people who receive the orders from th e 

customers need to keep track of what orders they have received and what orders are sti II 

outstanding. This information could be collected into a central database that can have an 

interface designed to suit the people using it. This database can also be used for collecting 

and analysing sales and manufacturing lead-time information. The people who are to 

dispatch product may be able to use the database to tell them where to dispatch product to 

and which customers have the highest priority and should receive their product first This 

integrated ystem is relativel y easy to set up in the modern world where fl ex ible computer 

networks are commonplace in busi nesses. 
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Chapter 4 - Multistage Scheduling Techniques 



4. 1 - Overview 

There are many methods of scheduling multistage operations. Thi s project has foc used on 

constraint theory, especial ly th e CJ0/dra11 [5] philosoph y. 

4.2 - Forecast Myopic Dispatch Method 

Mo rton and Pentico [I] gives a di scuss ion of Forecast Myopic Dispatch, which is an older 

method of scheduling manufacturing facilities that does not belong directl y to the ·Theory of 

Constraints' as proposed by CJ0/dm11 [5] . However it does have relevance to the OP/" I 

CJuldra11 Scheduling Method discussed in the Next S'ection . Forecast Myopic Dispatch tries 

to defin e a priority li st of orders for each machine in order to meet all customer orders, 

thou gh it does not try to optimise the production sched ule to minimise down time. Accordi ng 

to 1\1/orton and Pentico [I] the algorithm for Forecast Myopic Di spatch is described in the 

following ... 

I. Take the due date of each order and use thi as the due date of the final operati on on 

each order. 

2. The total processing time on all successive machines is calcul ated for each order and 

some initi al estimate of the queuing time throu ghout the plant is added to this. Thi s 

gives an estimate of the manufacturing lead-time whi ch is subtracted from final due 

date to give an estimate of the requi red start date and time for the first operati on on 

each and every order. The initial estimate of the manufacturing lead-time can be done 

by any one of a va ri ety of methods includin g multipl ying the processing time on all 

machines by a scalar (some est imates give 3 to 5 as a start in g for thi s scalar) 

3. Each order ' s first operation is schedul ed as earl y as possible (taking acco unt of other 

order ' s process ing on that machine) and is sequenced in the priority given by the 

operation due date and time in step 2. 

4. For each order the next most urgent operation (given by step 2) is schedul ed as earl y as 

possible and thi s i repeated for all subseq uent operations. 

5. If thi s procedure does not give a good schedule first up then we can try using another 

estimate of the total manufacturing lead-time. Alternatively another method for 

estimating the total manufacturing lead-time, can be to make an initial run with a 

' rough ' guess at the overall manufactu ring lead-times (usi ng a scalar) and then use the 

generated schedule's manufacturing lead-times for each order, as the new est imates for 

use in the second run of the procedure. This can be repeated again if necessary. 
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This process will not guarantee to make good use of the constraint (it treats all machines with 

the same importance), but it can be good for processes with market constraints or no 

consistent constraint. 

4.3 - OPT I Goldratt Scheduling Method 

According to 1\1/or/on and Pentico [l] Goldm11 's original involvement in scheduling was to 

write a scheduling program called Optimised Production Technoloto' (OP?) OPT was a 

very successful scheduling program when it was created in the late 1970.s and it is st ill 

marketed successfully today. The basic principle used by OPT is to make the ·best use' of 

the constraints of the process. 

According to 1'vlor1on and Pentico [I] - ·Many successful scheduling packages use a 

procedure th at is si milar to th at used by OPT which they [I] describe as follows . 

I. Identify the Constraint. This can be done by several methods, the most simple and 

probably most effective is to analyse the processing time on each machine in the 

factory, which can be done using current orders, historical data or forecasted demand 

2. Schedule the Bottleneck Resource . The constraint should be sched uled as if it is a 

stand-alone device . Estimates of the due dates (less a hipping buffer) of orders are 

given by th e actual due date less the estimated lead-time in th e factory from the 

bottleneck to the end of the process (the so-ca l led ·Red Lanes·) The earliest date an 

item can be manufactured on the constraint is given by an estimate of the lead-time of 

the ·yet to be completed ' operations up to the constraint (thi s estimate should be a low 

one to maximise the flexibility on the constraint) . 

3 Schedule Up To the Constraint. Us ing the dates and times of manufacturing on the 

constraint (less a time buffer) as the due date, the schedule should be created for all 

orders up to the constraint. The Forecast Myopic Dispatch method is a good method to 

use here and has been used by OPT 

4. Re-Schedule the Constraint. Using the dates and times that the orders become 

available from the preceding processes, re-schedule the constraint. The constraint 

should be scheduled to minimise down time. 

5. Schedule After the Constraint. Scheduling the remainder of the process, after the 

constraint can also be done by the Forecast Myopic Dispatch method. 

34 



Chapter 5 - Techniques in Searching for Solutions 



5. 1 - Overview 

5.1.1 - The Size of the Problem 

In the majority of scheduling problems th e concept of automatically generating the best 

so lution is an ideal that is difficult to achieve The number of possible solutions for 

practical scheduling problems can be enormous due to the factorial problem. If we are 

to be su re to find th e absolute best so lution we must search through every single 

possible sched ul e and evaluate each one for its advantages and disadvantages in turn. 

This is usually done by what are called ·exact techniques· like Integer Programming. 

A typical practical sched ul ing problem may have so many possible solut ions that it 

wi II take hundreds of thousands of years to proper I y evaluate th em all , and even then 

there is considerable debate as to the form of the objective function This obviously 

means th at we can realistically only evaluate a very small part of th e required solutions 

space and so techniques like Fu ll Integer Programmi ng either have to be simplified so 

much that the sol uti ons they come up with are impractical , or they will take too long to 

calcu late Because we can on ly search a very small part of the pos ible so luti on space 

it is imperative that we use the very best search techniques avai lab le to find the best 

so lutions we can in the limited time we have 

Specific ·scheduling heuristics · were not investigated in the project because of the tight 

time frame Search meth ods were chosen over sched ulin g heuri sti cs because 

scheduling heuristics were not seen as robust enough to cope wi th the large amount 

changes in design of production facilities at Pastoral Foods. In addition Pastoral Foods 

requested that the schedu ling system should be ab le to cope with the add iti on of new 

production lines, which would have required new heuri stics to be developed when they 

arose. 
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5.1 .2 - Techn iques Ava ilab le 

There are many types of search techniques available for computer algorithms from the 

field of operations research and many more will arise in the future . Some of these 

include .. 

• Beam Search 

• Branch and Bound 

• Complete Enumeration 

• Dynamic Programming 

• Genetic Algorithms 

• Integer Programming 

• Lagrangian Relaxation 

• Myopic Search Techniques 

• Partial Dynamic Programming 

• Random Pair-Wise Interchange 

• Simulated Annealing 

• Tabu Search 

Complete Enumeration , Pair-Wise Interchange and Branch and Bound are th e three simplest 

of all earch techniques available and are more often th an not a basis for the other techniques 

available in the literature . When used in conjunction with other techniques, they can be used 

to gauge the qua I ity and success of improvements made by the other techniques. Due to the 

limited time available not all of the search techniques could be invest igated in this project 

Upon advise from operations research people at Massey University the simplest technique 

that yields best results would be Tabu Search. 

5.1.3 - Effects of Sequence Dependant Set-Ups 

Sequence dependant set-ups are a sign ificant cause of problems in production 

scheduling. Were it not fo r sequence dependency the best schedules possible on single 

stage machines would be very simi lar to the Earliest Due Date sequence. These 

schedu les are the ones that minimi se inventory expense and minimise the risks of 

mi ssing orders. 
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Using plant models the effects of sequence dependant set-ups \\ere tri aled and 

estimated along with trials of strategies to overcome them The procedure used in thi s 

project can be found in Append1.\· 3. / . 

5.1 .4 - Visibi lity Problems 

The solutions spaces for scheduling problems are in virtual ly all cases multi 

dimensional arenas that are simpl ) enormous and extraordinaril;. complex . If we could 

dra\\ a results map or contour map of the so lution space ,,.e \\Ould have a very good 

tool to help us find better solut ion to our scheduling problem s. This is not tea iblc 

because most scheduling problems'' Ill ha\e hundreds of dimension and are 

impossible to display or \isua l1 e as a map Because \\ e can·t eas1 l ;. v isuali se a 

problem it is extreme!;. difficult for the human brain to interpret. or see patterns in the 

re ults of some random assortment ot" trialed olution s. Thi s means \\C cannot use the 

pattern recognition ability ot" the human brain to see \vhere there are lil-.el) to be better 

solutions. These visibilit) problems arc accen tuated b;. the fact that there are often 

region \\ here the result maps change vet) rapidl;. and are erratic or undulating \\hen 

onl ;. small changes are made to the input solution. The errat ic nature ot"the olut ions 

paces has the effect that it is also d11Ticult for computer so fi,,are programs to find 

good olutions that are not local opt ima Tacl-. ling thi problem i d1 scu sed later in 

.\eel/om 5. 2 10 5. -

There are visual techniques mai lable to improve schedules but the e usuall ;. requ ire a 

detailed knO\\l edge of the . cheduling and manufacturing systems. ome of these 

systems are discussed in ( 'hupter JO . 

5.1.5 - Measuring Results 

If we want to compare one solution to another we must have an ana l) ti cal method or 

procedure for compari son. In the end it would be much simpler for a computer 

program to assess if this comparison method could boil down to a single number 

Accountants would like to express this number in terms of actual costs. It \\Ou Id be of 

great benefit if it were possible to exactly calculate the actual costs of a schedule, 

however it is not possible to give accurate information on how much costs will be, as 

many causes of costs are ambiguous. It is also possible that the least cost solution is 

not optimal for the company, as the revenue potential for the company may be less for 
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this solution versus another, which carri es higher cost. It is more analytical and 

beneficial for scheduling to use an arbitrary index that takes into account all factors 

that are involved and are a good refl ection of what we require out of a schedule. 

Numetrix uses a system that is similar to thi s in their Schedulex product. Guldmll in 

7he Haystack ,\)'ndrvme [5] argues for use of exact measures that consider Throughput, 

In ventory and Operating Expense under his defi nitions, but Accord ing to Noreen, 

Smith and Mackay [8] these measures are not commonly used. 

With an internal constraint the Total Make-span on the constraint is the best 

performance measure to tell us the cost/benefit (to manufacturing on ly ) of any 

particular schedule. Total make span is the total amount of time consumed in th e 

schedule including any down time that is planned. If we analyse thi s as the main factor 

in our cost/benefit equations then we will be thoroughly testin g the schedules effecti ve 

use of the con traint. In addition to this we must also take into account of penalties for 

any orders that we are planning to deliver late. The penalty for this shou ld be quite 

signifi can t, relative to down time if the company val ues the customer·s business. A 

detailed review of measurin g results can be found in Section 3.-1 

5.2 - Complete Enumeration 

Complete Enumerati on is a technique of search ing for the very best soluti on by investigating 

and evaluating all possibl e solutions. The advantages of thi s technique are that, if we give it 

appropriate measuring criteria, it wi ll always find the best solution. The obvious 

di sadvantages are th at it w ill take far too long to complete and can only be used on ve ry, very 

small scheduling problems that are extremely rare and can probably be relat ive ly easi ly 

solved manuall y anyway. A procedure flow chart for a Complete Enumeration search 

algorithm can be found in Figure ../ . This algorithm simpl y cycles through each order try ing 

each one in each sequence place. 
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5.3 - Branch and Bound 

Branch and Bound is a search technique that systematicall y hunts thoroughl y through a 

locali sed area of the solution space and finds the best so lution in that local area. Thi s 

techniq ue is based on the Complete Enumerati on but confi nes itse lf to loca l areas, rather than 

coverin g the whole solution. Fi?,ure 5 shows a Branch and Bound map of some areas of the 

solution space fo r a problem with five orders to be sequenced (A, B, C, D, E. ). 

Schedu le 

Figure 5 - Procedure Flow Chart Branch and Bound Map 

Each line from th e top to the bottom of the map is a possib le so lut ion and the sequence in 

which the orders descend on the path gives the sequence of manu fac ture The fi rst part of 

each schedule is systematicall y generated by the Complete Enumerati on technique. To test 

the effectiveness of the whole schedule the Earli est Due Date method (or some other meth od 

that is myopic or greedy) sequences the remainder of the orders. 

Whil st the Complete Enumeration techn ique looks over part of the sequence the res ults of 

each schedule are evaluated. As each part of the schedule is evaluated a decision is made as 

to which part of the chedule is best to continue in vestigating The research in thi s project 

only considered the evaluation of one path from each point. But the literature on thi s topi c 

suggests that more technical approaches where several paths of good part schedule results be 

in vesti gated. As more of the map is covered the areas where results are less promising can be 
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pruned and paths where the results are more acceptable can be investigated further. A 

procedure flow chart for a Branch and Bound search algorithm can be seen in Figure 6. 
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Figure 6 - Procedure Flow Chart - Branch and Bound 
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A typical result graph against time of the Branch and Bound search procedure in vestigated in 

thi s project can be seen in Figure 7. 

Results Graph - Branch and Bound Algorithm 

32 

Seconds 

Figure 7 - Graph of Resu lts - Branch and Bound 

An example of the results of a Branch and Bound search proced ure as applied to the J>ustoral 

Foods SOS Production Line can be seen in !4ppendix 3.3. J. 

5.4 - Random Pair-Wise Interchange 

Random Pair-Wise Interchange is the most basic or all random search procedures. It is 

essentiall y an entirely random search that uses on ly the most primitive search meth od to fi nd 

to better so luti ons. To find better so lutions the conventiona l Pair-Wise Interchange method 

starts at some good solution (defined by an algorithm , for example Earli es t Due Date 

sequence) and investi gates the benefits of moves at random . l f the search finds a better 

solution it will accept it and begin in vesti gating new moves around the new accepted 

schedul e. All moves that are not an improvement are not accepted and the search continues 

from the same point. It has a fundamental problem in that it wi ll always become stuck in 

local optima. Unless the search can be made to climb hill s there is always the very likely ri sk 

that it will only ever find very sub-optimal solutions that are little better than the search's 

starting point. It is possible to make the search go beyond local optima, by si mpl y allowing 

it to accept solutions that are less than the current solution . This is still a very primiti ve 
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system that will waste a lot of effort in investigating many solutions and is likely to wander 

off in some fruitless direction (in our multi-dimensional problem) and never find a solution 

that is better than the start point. A better search method in the same vain as Pair-Wise 

Interchange, is to take a random selection of starting points and then look for local optima 

around each starting point. A procedure flow chart for a Pair-Wise Interchange search 

algorithm can be found in /,'igure 8. 
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Figure 8 - Procedure Flow Chart - Random Pair-Wise Interchange 

The results of the experiments conducted in thi s project reveal that little or virtuall y no 

improvements can be made to Bucket Schedules with ' In Bin ' optimisations using Random 

Pair-wise Interchange. This is due to the fact that the search is more undulati ng around each 

search point. The local area around each search point has already found local optima and this 
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search technique finds it is difficult to cl imb out of this local area. A typical result graph 

against time of the Pair-Wise In terchange procedure investigated in this project can be seen 

in Figure CJ. 

Results Graph · Random Pair-Wise Interchange Algorithm 

32 

Jt' f------

+----~-

-~--~- -

-t +------------ ----------- ----------

_•)) _'J) 

Seconds 

Figure 9 - G raph of Results - Pair-Wisc Interchange 

The result of th1 earch technique do not sho" ignificant 1mpro\ement over the tarting 

Earl iest Due Date schedule. Thi s is as expected as the search gets stuc~ in local optima. An 

e'ample of the re ults of a Pair-Wisc Interchange search as applied to the l'wtoml /-1111£1, 

0 Production Line can be seen in Arre11d1x 3.3.2. 

5.5 - Tabu Search 

The search algorithms discussed so far have all been simple techniques that are ver: myopic 

in their approach. That is, they can on ly see as far as the next order or next few orders and do 

not have any memory of the areas of the solution. Tabu search is one of the so-called 

·Artificial Intelligence· techniques that has memor} capabilities and can learn from its 

previous results. A general definition of Ta bu Search according to Cilm·er and fogunu [9] 

is .. . 

.. ... a higher level heuristic procedure for solving optimisation problems, designed to guide 

other methods (or their component processes) to escape the trap of local optimal ity ." 
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The ·other method · used in this project was a neighbourhood search, (to be guided by Ta bu 

Search ). Neighbourhood search invol ves a search of the neighbourhood or the current 

solution. The neighbourhood is all of the solutions \\ i thin one move (b) pair-\\ ise 

interchange in this case ) or the current solution. 

Tabu Search can remember the solutions CO\ered previous!) and based on its interpretations 

of them decide \vhether or not to al lo\v further investi gation ofa proposed solution. The 

basic format orTabu Search is a l ist of solutions or parts of solutions th at have been 

investigated before and are not good enough to be con idered further I fence these solut ions 

are considered ·taboo· (Tabu is the American spelling of Taboo ). The Tabu List helps to 

ensure that the algorithm is ahvays covering nevv ground and doesn ·t get into a repetiti ve and 

unproductive C)C le. 

Tabu Search can have t\\O funct ional t) pes or memor) , e-:pl icit and implici t E.-:pl 1c1t 

memor) records the \\hole solution e:xact l) a an enti re olution. Implicit memor) records 

characteristi c o f the solution Implic it memor) can be u ed to record the common 

characteristics amongst the better and lesser olutions found so far. This o more solutions 

imolving these can be investi gated further or avoided. 

Tabu Search can be used for ver) large compl icated problems and the literature shO\vs 1t to be 

relati ve ly successrul at sol ving the e. These problems requ ire ver) cleve r solutions to make 

the best of their situation. Thi \\ill require both explici t and 11npli cit memor) t) pes to be 

used. Th is project has made signi ficant investi gations in to Tabu Search imolving implici t 

memory, without great success. It was found to be difficult to fine-tune the Tabu earch 

algorithm in its complicated forms. 

Accordin g to (J/m·er and /,ag11na (2 ] Tabu Search has some simpler forms that are useful for 

looking at small to medium size problems. The technique found to be most successful in this 

project was one that only involved implicit memory. This technique took each schedule as it 

was created assessed the solution 's entire neighbourhood by Random Pair-wise interchange 

and choose the best one that was not on the Tabu List. The Tabu List consists of all the entire 

solutions that have been covered previously in the search. 
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The problems encountered in this project would have been too large to be so lved b) th is 

simpler Tabu earch algorithm \\ ere it not for the use of bucket schedul ing and ·Grouping· of 

similar items lo the reduce the explorable solution space Bucket scheduling and ·Grouping· 

also helps the algorithm to cover a great deal of the solution space very quick l ~ . 

A procedure flO\\ chart for this simple Tabu Search algori thm can be found in Figure JO 
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A typical result graph against time of the Tabu Search procedure in vesti gated in thi s project 

can be seen in Figure 11 . 

Results Graph - Tabu Search Algorithm 

Seconds 

Figure 11 - Graph of Results - Ta bu Search 

Tabu Search gave consi stentl y good results, though some of the other useab le techniques 

di scussed previously tudied in this project gave as good or better results in some trial s: thi s 

was the best overall technique for reliability and consistency of good res ults. The solutions 

obtained by thi s technique were usually no t improved further by the algorithm after it had 

been searching fo r approximate ly 30 minutes. Looking at the resulting schedu les I cannot see 

any furt her improvements to th e schedul es or see any better sched ules. From thi s l conclude 

that the search has either reached the optimal so lution or something very close. For some 

sched ules thi s technique wou ld take several of hours to reach a stab le and -probably' optimal 

so lution . Since the search algo rithm cannot find any better solutions than thi s the 

accountability for the quality of the solution it has found li es in the criteria set in objective 

function . The objective functions used in thi s project tend to push the schedules created close 

to the Due Date Sequence (for the reason of protecti ng the company from mi ssing due dates) 

and so it is perhaps not surpri sing that the search technique finds the optimal solution so 

easily. 
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An example of the results of a Tabu Search algorithm as applied to the Pastoral Fuod1· SOS 

Production Line can be seen in Appendix 3.3.3. 

5. 6 - Individual Group Enumeration 

As di scussed earli er th ere are man y benefi ts to ·Grouping' together similar items because we 

know we want to run them together to minimise changeover times. The Pareto principal says 

that 80% of the products will cause 5% of the down time and 5% of the products will cause 

80% of the down time. The significant few items that contribute to down time are usuall y 

small in quantity and so take up littl e of the total production time but contribute signifi cantl y 

to the production down time through changeovers. These items cou ld be described as 

·oddball" products 

Whilst these few products may be completely different to the remainder of the products they 

wil l usually require significant effort to change to and from the ·run of the mill" prod ucts. 

There are significant benefits to be gained from running these small sets of ·oddball' products 

together, as th ey wi ll likely save a number of significant changeovers. Even if there are wide 

va ri ations within the set of ·oddball' products there can sti ll be benefits gained from treating 

them eparatel y from the ·run of the mi II" products because we can have the opportuni ty to 

force them to be run separately or together which ever suits . If we give special atten ti on to 

these ·oddball' items then we can make significant gai ns independently from the gains to be 

made by altering the rest of the schedu le. If there are few enough of these ·oddball" items 

and th ey make up littl e enough of the sched ul e, then we may be ab le to use Complete 

En umeration for these items independent ly. This wou ld ensure that we are extracting the 

maximum potential from th e sched uling of these items. This proces of onl y operatin g on the 

'oddball' is done whil st taking into account the requirements of the ·run of the mill' items in 

terms of production capacity, so that they are made on ti me and in ful I. 

There will possibl y be a great deal of potential slack available to move these ·oddball ' items 

around the schedul e. [f two good schedules have approximately equal planned down time 

and both schedul es meet all orders, then the schedule that sequences the 'oddball ' products 

latest should be chosen. This will give more room for movement of the remainder of items 

that are unscheduled and therefore more down time minimisation could potentiall y be 

achieved when they are scheduled. 
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5. 7 - Combination Individual Group Enumeration and Tabu Search 

A combination of techniques can be used to solve di fferent parts of the schedul ing problem 

and the benefits of one technique can be used to solve parts that sui t i t and others can be used 

' ' here their greater potential sui ts. The combination of techniques that was chosen in this 

project involve Individual Group Complete Enumerati on on the ·oddball" items and Tabu 

Search on the ·run of the mill" items. T hi \\.as the onl _\. comb ination technique tested and 

thi gave the better results than an~ of the single techniques tested. 

A t) pical result graph against t ime of the Combination Ind ividual Group Enumeration and 

Tabu Search procedure investigated in this project can be een in Figure 12. 

Results Graph . Comb1nat1on Selected Group Complete Enumerat ion and Tabu Search Algorithm 

~' !----

)JJ 

Seconds 

Fig ure 12 -Gra ph of Results - Individua l C rou p Enum e ration a nd Tabu Sea rch 

An example of the results of a Combinati on Individual Group Enumerati on and Tabu earch 

algorithm as applied to the l )astoral Foods OS Production Line can be seen in Appendn 

3.3.-1. The results that this algorithm produces are very similar to those produced by the Tabu 

Search (alone) algorithm. Someti mes thi s algorithm wi ll fi nd the optimal solution faster than 

Ta bu Search alone after 30 minutes (though th is is not always the case). The results o f th is 

search were consistentl y better after only I 0 minutes \.\.hen compared to the T abu Search 

(alone) algorithm. This search technique was preferred to Tabu Search (alone) and was 
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selected for use in this project, because it consistently gave good results in quick time. Often 

the scheduler will want a so lution in a very short time. After the schedule has been adjusted 

many times (due to disruptions, changes or infeasibility of the schedules produced) this may 

be understandable and so the option of a ·quick · schedule optimise should be made available. 
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Chapter 6 - Data Collection Methods 



6. 1 - Overview 

Computer scheduling systems manipulate large amounts of data input This data must be 

collected and maintained as accurately as possible. A lot of required information may 

already be available and maintained in the company. Much of the information may not be 

kept or at least not kept in a use ful form and thi s data must be collected and arranged so that 

it is useful. Two major sets of data required are .. 

I. Average Production Rates. 

2. Average Changeover Times. 

Both of these sets of data can be very large and highly changeabl e. lf a company has one 

hundred items that it manufactures as standard then there I 00 average production rates that 

need to be acc urately guessed and ( I 00 x I 00 = ) I 0,000 changeover times that need to be 

guessed. This information may be set up once, but it will be asking a lot of people to get 

them to maintain it The peop le who will have enough knowledge of the process and 

experience, as well as common sense to be able to fi gure thi s data out, are also likely to be 

too busy to consider it important enough for their time. This is especia ll y true as I 00 new 

pieces of data or more \Nill need to be guessed eve ry time an item is added to the product 

range Grouping similar items together can reduce thi s, but it will still leave a significant 

amount of data to be coll ected . Thi s wo uld be easier and more accurate to create and 

maintain if we could reduce the indi vidual pieces of informati on required . We can do thi s bv 

looking at th e products characteristics. 

For example at Pastoral Foodv th e Slice on Slice production line has eight basic 

characteristics of its products that are changeable and should be considered in scheduling. 

Some of these characteristics can be seen in J.'igure 13 . 
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Figure 13 - Pastoral Foods SOS Product Characteristics 

6.2 - Collecting Production Rates v Machines 

By analys ing the producti on rates on individual machines relati ve to their characteri sti cs, it is 

possib le to build up th e producti on rates of all items with a great deal less coll ecti on time of 

rates of producti on and a li st of each item's characte ri sti cs. 

For example at J>astorol Food,· the Sli ce on Sli ce production line has fo ur basic 

characteristics th at affec t the rate of production of each item. They are as fo ll ows 

I. Formulat ion (Type I, Type2 , Type3 , Type4) 

2. Size of the Sli ces (76 x 76mm, 90 x 90m m) 

3. um ber of I ices per Stack (20, 22, 32 , 40 , 4-l sli ces) 

4 Slice We ight ( I 0.25g, 1 I .25g, I 2.9g, I 3.5g, 15.0g, I 5.5g, 23.5g) 

5 Carton We ight( I 0.8 kg, I l. 9kg, I 2kg, IJkg, I 4.4 kg, I 5.8kg, I 7.4kg, 18.2kg) 

Each of th e fo ll owing machines has its maximum producti on rate set by at least one of these 

product characteri sti cs. 

I . Blender (max prod rate set by Carton Weight) 

2. Cooker (max prod rate set by Carton Weight) 

3. Extruder (max prod rate set by Formulation , Slice Weight, Size of Slices) 

4. Stacker Cutter (max prod rate set by Slices per Stack) 

By findin g the lowest production rate of an item we will find the max imum production rate 

that the whole line is capable of 
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6.3 - Collecting Changeover Times 

By anal ys ing item differences in term s of their characteri sti cs we can see th e actual causes of 

the changeove r times. If we analyse all poss ible changes on each machine and recogni se 

which ones have to be done consecuti ve ly and which ones can be done at the same time, then 

we can make up a Criti ca l Path Diagram fo r the process of all changeovers. I f we take two 

items and we want to kn ow how long it will take to change from one to the other analys is of 

the Criti ca l Path Diagram, only considerin g the changes that have to occur ( ignoring 

everything else), gives ca lculated es ti mates of the changeover ti mes. 

For example at Pastoml Foo<h the Sli ce on Sli ce producti on line has six basic characterist ics 

th at affect the ti me taken to change from one item to another. They are as fo llows .. 

I. Formul ati on Type 

2. Formul ati on 
, 

Size of the Sli ces .) . 

4. Number of Sl ice per Stack 

5. Number of Stacks per Pack 

6. Sli ce Weight 

For each ·change of characteristic - there are a num ber of ·machine changes· that must occur 

to effect that change. 

1. Formulati on Type Change 

a. Pale to Co lour or Pale to Flavour 

• C lean Hot- We ll (3 mins) 

b. Colour to Pale or Co lour to Flavour 

• Full Wash (2 hours) 

c. Flavour to Pale or Flavour to Co lour 

• Full Wash (3 hours) 

2. Formulation Change 

a. A ny Change 

• Blow Line (8 mins) 

• Change Trumpet (8 mins) 

3. Size of the Sli ce Change 

a. Any Change 

• Change Stacker/Cutter ( 12 mins) 
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• Change Ribbon Cutters (8 mins) 

• Change Natec Width ( 10 mins ) 

4. Number of Slices per Stack 

a. Any Change 

• Change atec Width ( 10 mins) 

5. Number of Stacks per Pack (2 , 3, 4 Stacks) 

a. Any Change 

• Change Natec Width ( 10 mins) 

6. Slice Weight ( 10.25g, l l.25g, l 2.9g, 13 .5g, 15 .0g, 15 .5g, 23.5g) 

a. Any Change 

• Slice Weight Adjustment (5 mins) 

With a li st of all the possible changes that can occur (constructed from the above li st) and 

knowledge of the process of changes, we can construct a Critical Path Diagram wi th al I 

possible changes that can occur. Thi s Critical Path Diagram for the J>astorctl For!l/1· SOS 

Production Lin e can be seen in Figure /-1 . 

F J ll,,..., ;;;-,h 
(lh1S) 

C.hangP 
Trumoet 

l e.~n 

Ho1we11 
SI (e V'le111td 
A!lust rnent 

Change 
Natec W idth f---- -----i 

Cllange 
Ribbon :u!'ler ; f---------------4 

Figure 14 - Pastoral Foods SOS Product Cha nge C ri t ica l Path Diag ra m 

This treats the activity of changing over from one item to another as a small project and the 

total changeover time can be calculated as it would on any Critical Path Diagram. To find 

the changeover times between any two items it is simply a matter of working out what needs 

to be changed and plugging the number into the Critical Path Diagram and eliminating 

anything that doesn ' t need to be done. From here a computer program or a simple 

spreadsheet can be developed to calculate the tota l changes between any two sets of product 
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characteri stics. If thi s technique is applied to all combinati ons of two items then a matri x of 

changeover times similar to that in Figure 2 in Section 3.6.-J can be made. 

57 



Chapter 7 - Immunity from Disruption 



7. 1 - Overview 

(jo/dra11 in The Haystack .\indrome [5] says that there are two fundamental principle that all 

schedules must tr! to achieve: 

I . Schedules must be Realistic: that is, the! mu t be achievable b) the manufacturing 

department in term s of time and resources. 

2. Schedule must be · Immune from Disruption ·: that 1s stable, not prone to disaster in 

the event of a small hiccup. 

The first of these t\\O point is obvious and all good production planners tr> to produce 

schedule that adhere to this statement. The second of these points is not so obvious and not 

all production planners tal-.e this into account. Despite this, point 2 is almost as important as 

point I and should be treated accordingl>. 

Whil st creating computer-scheduling algorithms it i ver> tempting to try to completdy 

optimise the schedule for minimum do\\ n time or find the \Cr! best schedule that is po sible 

for the criteria selected. Thi s \\Ould be a good idea. \\ere it not for the fact that schedul ing 

doc not hme a hard and fast set of conditions to appl> the scheduling algorithm to In fact 

chcdu l1ng depends on an enormous number of variables, man~ or \vhich can go \Hong at 

an> time. An> one thing going'' rong in a full~ optimised schedule'' ill cause the schedule 

to become sub-optimal and ma;, cau se a major catastrophe such a mi ing an 11nportant 

order. The scheduler should tn to create chedules that arc table and are not prone to 

d1 asters like missing orders. 

7. 2 - Shipping Buffers 

(ioldra11 has many ideas on \\ays to · immunise· against di ruption in his book /he l/ay.\tw.:k 

Syndrome [5] . Specifically (io/dro11 proposes the idea of shipping buffers as a means of 

preventing the likelihood of missing an order. Thi is simpl) the concept that 11 is better to 

give a small mount of leeway to allow for any smal l disruptions in the manufacturing process 

and production plan, rather than planning the order to be made on the limit of the 

manu facturing due date. 
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7.3 - Time and Space Buffers 

Time and space buffers are created to stabilise and smooth out di sruptions to th e schedul e. 

Gold rail di scusses these in hi s book The Haystack Syndrome [5]. If the constraint is less 

productive than it can be at any time, then the whole production system will be less 

producti ve than it can be. To protect against the loss of productive time, Goldrall promotes 

the use of time and space buffers around the constraint. Time buffers are introduced to 

prevent loss of time on the constraint, ensuring that di sruptions on preceding processes do not 

affect the up time of th e constraint . Space buffers are introduced for simil ar reasons relating 

to the processes succeeding the constraint. The space buffer ensu res th at the constraint can 

continue working when the later processes are (fo r some reason) slower th an th e constraint. 

This is particularly applicable to JIT or flo w process sty le man ufac turing environments. 

7.4 - Avoiding Vulnerability to Missing Orders 

All processes exhibit variability to so me degree, though some more than others. The predict­

ability of the process can be examined by th e process·s hi story of reliability . If the process 

has a very hi gh degree of variab ility th en it vvill be more difficult to accurately predict the 

manufacturing date ofa particular order. Manufacturing wi ll be judged on their abi lity to 

make a sched ul e in fu ll and on time and as such the variabi lity of the process will make it 

difficult for them to achieve their sched ul es. To avoid fa ilin g to ac hi eve their targets, 

manufacturing will often forward very low estimates of how much they think can be made in 

a small time frame (e.g. a week) Manufacturing wil l normally be capable of covering their 

estimated capaci ty far in excess of their stated abi lity, however occasionally they wi ll miss 

their target. Because of thi s, production requirements will be left to the lower estimate of 

how much can be made, which wi ll cause producti ve capacity to be under-utili sed in times 

when capacity is at a premium. Thi s fact may also increase quoted lead-times when the 

company is struggling to get enough orders to fill its capacity 

The solution is to analyse productive capacity against hours actually worked on a long-term 

basi s and obtain an accurate estimate and a variance of the true capacity of the process. With 

this long-term data and use of the Central Limit Theorem we can give more accurate 

estimates of our short-term and long-term manufacturing capability. This will allow us to 

gain better use of our productive capacity and shorten our effective lead-ti mes. The Central 

Limit Theorem states that the more samples that are taken the greater accuracy you can 
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predict the mean of a sample. Therefore the longer the period over '"hich we are planning 

the more accurately we can predict the productive capacity. 

For example, we have an operation that ha a variable productive capaci t> and is also a 

production constraint. Production \"ill only ever promise up to 90 tonnes per '"eek because 

they are unsure that they \-., ill achieve any more. The long-term data collection sho\\s that the 

factor) ·s average production capaci ty is I 00 tonnes per \\ eek \\ith a standard deviation of 7.8 

tonnes per \\.eek. This '"ill mean that at 90 tonnes per week the production unit \\ill have on 

a-.,erage a I 0° o chance of not completing a schedule in its entirety and up to I 0° o of the 

producti\.e capacit) is being thro'"n m'a'.' . 

lf,, e \\ant to ach ieve a 95°0 probabi l it> of hitting all order and then b> the use of the 

Central Limit Theorem and basic statistics '"e can gi ve the maximum promise-able capaci t> 

a"ailable. This can be seen in '/ahle 3 

Week Previous Average Cumulative Capacity Capacity 

No Cumulative Available Available Gain Gain % 

Capacity Capacity Capacity 

I 90.0 87 2 87.2 -2 .8 -3 ° 0 

I 180 0 90 9 181.8 1.8 I 0 o 

3 270 .0 92 .6 277.8 78 3 ° 0 

4 360 0 93 .6 3 74 3 14 3 4 ° 0 

5 450.0 94.3 471 .3 21.3 5 ° 0 

6 540.0 94 .8 568.6 28 .6 5 ° 0 

7 630.0 95 . 1 666 .0 36.0 6 ° 0 

8 720.0 95 .5 763 .7 43.7 6 ° 0 

9 810.0 95 .7 86 1.5 5 1.5 6 °o 

10 900.0 95 .9 959.4 59.4 7 ° 0 

Ta ble 3 - Immunity From Disruption Example 

In some ci rcumstances some computer algorithms may find it attractive to bring large 

amounts of product forward into earlier weeks (than the EDD sequence would place them), 

so that they can be manufactured together in more economical runs. This may force orders 

requi red at earlier dates to be pushed out, close to their manufacture due date. This is fine as 

60 



long as the uptime stays high enough to enable all promises to be kept. However if 

production suffers a bad \Yeck then there wi ll be problems meeting all of the requirements. 

This can be assessed in the iterations of the scheduling search algori thm. When the algorithm 

produces a schedule, the immunit) from disruption or this schedule can be assessed b) taking 

the worst-case scenario (95°0 Confidence Interval for example) over the first week . 8) 

assessing the projected available capacit) and order requ i rements after the first weeks 

manufacture ( in thi s 95°0 \\Orst case scenario) the quantity of missed orders can be projected. 

If the projections arc un f<l\ ourable, the schedule can be rejected in favour of another one that 

is safer in ensuring that orders are met. This immunit) from disruption procedure prevents 

the company from using a schedule that ma) create unnecessar) vu lnerabi l1t) to missing 

orders from long periods of lower than expected production. Just using the (io/Jraf/ [5] 

shipping bu ffer S) stem \\ill onl ) protect the com pan) from mall brea(..dO\\ ns 

The (ioldrufl method o f chedu ling (5 1 uses a different S)Stem to the immunit) from 

disruption technique described above. ( ioldrofl '.I emphasis 1s on a schedule ver) clost.: to the 

·Earliest Due Date· sequence His method onl) mo, es orders around to a\oid missing orders 

(to reduce Total Ma(..e-span b:- glu ing). This \\ il l either protect a possible market constraint 

( i r it is a market constraint) from missed orders and or force a reduction tn I otal Make-span 

on a true production constra int. The ( ioldrofl philosoph:- \\il l al\\ a:- s protect the compan:­

from late orders as much a possible The philosoph) used tn this pro.1ect puts more emphas1 

on tr) ing to minimise the Total Ma(..e-span on a proposed producti on constraint This 

philosoph) ( un I ikc ( io!Jrut( s) ma) move orders around so much that the some orders \\ti I be 

planned unnccessanl ) close to th eir manufacturing due dates Thi s is not desirable so the 

immunit) from disruption S)Stem in troduced aboYe \\ ill be beneficial because 1t \\ill protect 

the company from this risk. 

In the authors belief the (ioldrafl scheduling method is best suited to situations where the 

short to medium term market forecasts are accurate and orders are stable. The scheduling 

methods used in this project are built to cope w ith a future that is changeable and forecasts 

are not so accurate. In the later situation the company wil l never know i f it has a production 

constraint until the market makes requests beyond manufacturing's capability. The 

essentially means that the compan) must always treat its manufacturing facilities as 

constraints, to be sure that it can sati sfy the markets long-term demands as much as possible 
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7. 5 - Available to Promise 

A major component of any production planner ' s occupation is to give the deli very lead-times 

on customer orders. Thi s is always a precariou s obli gation to perform, as giving shorter lead­

times can attract more lucrati ve business and keep current business in a sati sfactory state, 

whil st giving lead-times which are too short will make manu facturing·s task difficult and 

possibl y less economic. This is made more di fficult by the unpredictable nature of the 

manufacturing process. Using the Central Limit Theorem (as explained previously in Section 

7.-1 ), the capacity th at can safely be promi sed (with 95°10 con fidence) is calculated and 

cumul ated (as in ?'ah/e 3) and subtracted from capac ity already promised to orders. This 

makes the task of promising new order due dates much easier. 
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Chapter 8 - Raw Material Availability 



It is a tendency for many manufacturers to fol low the J IT sty le inventory management 

practice and minimise all stocks so that they get just as much as they need only when they 

need it. The task or the MRP systems is to keep a track of inventor) and ensure that enough 

is available at all times for all planned manufacturing. 

It is important for a computer algorithm that is tr) ing to optimise scheduling to knO\\ ''hat 

the rm\ material availability is for all items. In some operations there are ver:-. fe\\ ra\\ 

matenals and they are alv\a)S kept in a reasonable suppl) so that there is min imum impact on 

scheduling or changes to the schedule. In other S) stems there are a large number or ra\\ 

matenals and man) are ordered onl: on a J IT basis. This means that an: changes to the 

schedule must consu lt the 8111 or Materials system to check that all materials \\ill be avai lable 

for the new schedule. 

Checking the Bills of Matenals (80M) can beaver) t ime consuming task for a scheduling 

algori thm. In all cases it is better if the number or fa\\ materials that arc checked is 1-,cpt to a 

minimum. so that th e algorithm can sme t ime and therefore search more 11era11 ons If 

possible. ra'' materials chccl-,ing should be el11rnnated from the proccdurc. but thi s 1s rarcl) 

possible. 

In some manufactunng em 1ronments the ra\\ materials are almost ah, a: s a\ailable and 

changes \\ ithin certain lead-times can normally be accepted. However there is the odd 

occasion that ra'' materials ha\c longer than normal lead-times and an automatic scheduling 

s: tern ma: 'iolate these restri ctions. Thi s can be accounted for'' ithout using a full MRP 

system, but by a simple input table (that the scheduler manually maintains) th at states that no 

more than a certain quantit) of a particular item can be manufactured before a particular date. 

I f such a table is possible, thi s can make the scheduling algorithm much faster and thus much 

more effective. 
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Chapter 9 - Optimisation Macros (Automatic Solutions) 



A n optim isation macro is an automatic procedure for creating good schedules, without a great 

deal of human in tervention. Thi s is created to ach ieve the scheduling in a fast efficient and 

effecti ve manner. Optimisation procedure are never capable of understanding the "hole 

scheduling problem because these problems are alwa~ s too complex to full y program into a 

procedure, but they can ass ist as a good starting point. 

cheduling algorithms require a great deal or information and data to be available and correct 

and as such they also require massive amounts of effort to keep them up to date. A n 

automatic interface " ith an MRP-11 s:stem "ill assist in maintaining this\\ ithout too much 

e-.; tra effort . A variet: of ources are required as inputs to thi s s:stem including. 

• Bi lls of Materials requirements for each order 

• Inventor~ level s for ever~ required item 

• Purchased material lead-times 

• Unfulfil led customer order lists 

• Customer order priorit: l ist and or ·co t inde-.;es· o r mi sing orders 

• A ,·erage rates of product10n for items on machine 

• A \ailablc capacit:- v ·time bucket· matri x for ever: · tikely" product ion constrai nt 

• Changeover time ·co t index· matrices 

• The current schedule 

Ir one of these ets or data is not up to date the scheduling procedure cannot gi \'e appropriate 

re ults (garbage in, garbage out) 

In a system designed to help scheduling. there should be two types of tools. 

I . Start up full optimisation macro. 

2. Iterative improvement selected criteria macro 

The start up, full optimisation macro, should take all the ra\\ information in, to create the best 

schedule it can, in a reasonable time frame. A reasonable time frame should not be longer 

than 30 minutes as anything longer than that wi ll be inconvenient to use and possibly will not 

be used if it has to be run several times to adjust data inputs. The shorter time this procedure 

can take to run the better. A good compromise may be to allow the user to set the run time. 
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The iterati ve improvement macro should be able to be run in just a few seconds or in a time 

that is set as an input from the user. It will be benefi cial if the scheduler could look at a 

schedule and decide that he/she wants to make adj ustments to a parti cular item, ' Sub-Group ', 

·G roup ·, or time interval in the schedule. The iterati ve impro vement macro can be integrated 

into the manual solutions with visual interface, which are di scussed in ('hap/er JO . 
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Chapter 10 - Visual Interfaces (Manual Solutions) 



10. 1 - Overview 

Manual solutions are a ·must have· in scheduling tools. a the automatic solutions cannot 

solve all of the problems of a schedule. The manual solutions should facilitate the scheduler 

to be able to see the schedule and emphasise any issues wi th it. 

10.2 - Gantt Charts 

Gantt Charting is a tool that ha been used in scheduling for a long time and has been \er) 

useful for describing complex scheduling problems. Gantt Charts help the cheduler b) 

enabling the pattern recognition abilit) of the human brain to see \vhere there are 

opportunities to be gained from adjustments to the schedule. The .\"11me1n.r cheduling tool 

(.\'ched11/ex) has pushes the use of a visual interface in the form of a Gan Lt chart. X11me1nx 

ha' e been very successful as a cheduling compan: for a long time and their philosoph) and 

scheduling interface have been influential in this project. 

Ganll Charts essentiall y feature a time line that runs across the screen and a l ist of production 

lines stad.ed \erticall) . As an active computer interface the: can be ver: informatl\ C. An 

example or a Gan tt chart interface for the l\VS Department at /'ostoral l-ood' can be seen in 

Figure 15 and a Gantt chart interface for the SPC Department at l'm1oral Fo11l/, can be seen 

in F1g11re 16. Thi c:-.:ample is part of the scheduling )Stem developed in thi s project and is 

v .. ritten in .t/!ao.,o/i 1 ·1.,1wl H(/\ft' 
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·iii. Scheduling Tool l!lr;J El 
Schedule 

IWS Shop Order Gantt Chart Tool Schedule Start 17/04/200J 12 om 
Sched ule F1n1sh 24/04/200J 12 om 1 

Release Date 11 7/0412000 Stan Hours [-oj Ston Now r Schedule Hours 1169 View Start Hrs 1----oi 
~ .2J 

Push Bock I 
ReOrganise I 
AesetVrew I 

!Mon 17 ~po 00 !Tue l8Ap1·00 fwed 19·Api 00 ITl>.J 20Api 00 )Fn 21 Api 00 llSoi 22 ~p< 00 !Sun 2J.Ao< 00 

KD 
.,130~·'~20'----'l,ij.,,Bo"'i!l"'o"'ao""'°'-""'•l ,ll"'oao"'20"'--------"'ijMllo llo76lo 

Split01dei 
Re·Schedule 

Start Time 

Edit Comments 
Make This Order FllSt 

Figure 15 - Gantt chart Interface - Pastoral Foods IWS Department 

iii. Scheduling Tool l!lr;J El 
Schedu!e 

Spc Sl 0 d G Cl T I Schedute Start l•l '1JJl'..'OOJ 12 •m I Pus Boer I 1op r er antt 1art 00 Sched ; le F n1sh 1, 4.\).l / :ro.J ' ::' •m I 
AeO rganise . 

Release Date 1 17/04/2000 Stort Hows IO Start t low r Schedule How ; l16B V1ew StartH rs Iii ----' 
~ 22...J Reset View I 
!'ion 17Jul00 IT ;e t aJ 1;I 00 fwed t9J ul JO ITl>.J 20Jul 00 ~S .; 22 JAIJ 

03185 )485 

VOGE LE 

REITZ 

KEY 
00100 

LABOUR 

Figure 16 - Gantt chart lnterface - Pastoral Foods SPC Department 

Some of the features of thi s interface include ... 
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• Automatic optimisation of the production sequence with a given set of rules 

• Drag and drop order movement ability. With the mouse any order can be clicked and 

dragged from one part of the schedule to another 

• Mouse over order descriptions. When the mouse cursor moves over an order a 

description of the order will appear on the screen, next to the order. 

• Mouse - ri ght clicking on any order will give a li st of options including .. 

- Scheduling the order at a specific start time. 

- Splitting the order into parts to be run separately. 

- Moving th e order to a different line. 

- Rescheduling the order to different week . 

• Ab ility to mo ve back and forth across the time line with the click of a button . 

• Coloured bars to indicate different types of products or differen t ·Groups '. 

• Symbols used to signify different types of change over times on production lines. 

Gantt Charts are most effective for situati ons where there are multiple stages and dependant 

events or in crew rostering problems. If th e schedul ing problem on ly possesses a single stage 

then there are fewer gains to be made from Gantt Charts than in other situations. Gantt 

Charting single stage operations can provide the sched ul er with a time map of when 

operations are go in g to occur and when and what type of changeover wi ll have to be done in 

the schedu le. Gantt Charting multiple stage operations wi ll give many benefits including the 

abili ty to see when down time wi ll occur due to dependant events. There are also great 

benefits to visualisation of the schedu ling of crew ro terin g problems. In this case the Gantt 

chart will enable th e sched ul er to see when there are multiple lines running and when there 

are crews in excess of the requirements or too many crews are req uired in the schedu le 

compared to what is ava ilable. 

10.3 -Adjustable Summary Tables 

A good alternative I partner to Gantt Charts are Adjustab le Summary Tables. These are 

tables that di splay the scheduling data in a text I number form at These can be very helpful 

and in certain situations can be an effective replacement fo r Gantt Charts. [n single stage 

operations Gantt Charts can be more cumbersome and time consuming to use than a table that 

states the projected production time and a sequence number. Using a Microsofi Access Fo rm, 

the scheduling sequence can be manually adjusted and the manufacture times can be 

automatically projected from this. 
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A complicated example of an Adjustable Summary Tables is an ·items and Groups v Time 

Buckets on Quantities· Table. This ""as conceptually and programmatically developed in this 

project and is ba ed on bucket scheduling on a weekl_y basis. This Adjustable ummaf"\. 

Table for ·Groups' made in Pmtoral Foods SPC Depanment can be seen 1n F1g11re rand 

the Adj ustable Summary Table for Items made in /'mtoral Foods SPC Dcpanment can be 

seen in F1g11re 18. 

""Po&10<.I Foods (NZ) l..,.od - (h nllo•1V10 1,1 Fm•( 1!19EI 
[ll E~ t.dl: ~"" [lis"'t FQ/111& &.cords Ioo.s ll!!.'Mow !!el:> ~~ 

SPC AvaUable a nd Used Hours Fonn: Grouos ScnodJla Cost lnde> lle660 
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SOS 2 I lnos tHrsl 117 ,., 117 37 117 107 187 "'' 117 ,, 117 41 
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0 , .. ..,. I ROS tll1sl 111 0 111 0 110 0 111 0 110 t 111 

Vooole fHrsl 111 11 111 £~ 110 71 111 tn 110 3 111 " El Rieu fHrsl 111 111 110 l o 111 • 111 }I 111 , 
Freeler fC1nl 1511 3 1SOI ~' 1SIO 60C 1501 0 1SIO c 1Sll 0 

Kov lnqred Oirsl 111 37 111 - 110 '8 111 ., 111 c 111 0 
EIAC fkosl "" s•(J "°' 5510 24.JO " DI 241X "" c 1611 

SOS Pa•'l~gl1 ~ • ., IT 0 IT 0 ~ • I' r f) 0 IT 0 j SOS P~e S....,.:,.-Xwet "''4D:ziVe~_, ~ 5 IT 3 IT 0 R 0 IJ 0 IT 0 
SOS Pv• 1 2t.g!1 088•{Jf2 169.11~ 17 2 Ii' 4 I' 2 J IT n f) 0 

SOS Polo 990gn 98'gl2 l7•g IO 0 r-u- 0 IT 0 0 IT I S rs 0 
SOSCOIOl.W 12lit11!lt't8•!)1216qt) r;;:- 17 r- -2 GT -4 rr.- 0 IT o f) 0 

SCS COOM 9~0 98'gl2 27'g 17" 0 1'3" 0 Ji) -13 p.= 13 IT -It r:s 0 
sosr~j 221-~ r;:- 65 ,---;T •3 IT 11 . , . 117" ,. IT 1· 

Re.JI ::i:h:) re 0 IT • Ji) 4 re 0 IT 0 IT 0 
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Figure 17 - Groups , . Time Bucket on Quantitie · - Pastoral Foods P(' Department 
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~Pastoral foods (N2) l1m1led - (lrmllemsVdJlyl form) l!lfiJl3 
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Figure 18 - Items v Time Buckets on Quantities - Pastoral Foods SPC Department 

Thi s Adjustable Summary Tab le was created in M1croso/i Access. The top of th e screen 

fea tures the dates th at represent the start date of the buckets (thi s is titled ·Release Date· ) and 

each buckef s inform ati on fl ows down the page from thi s. From the Release Date row, the 

screen can be di vided into two parts. The top half shows a table of the use and ava il ability of 

constra ints and restri cti ons in production . The names and units of th ese constraints and 

restri ctions can be found on the left-h and side of the table. The table itse lf shows th e total 

constraint or restri cti on ava il abl e under the column heading ·Avail ' with the quantiti es in 

bold and the usage of each of th ese constraints and restri ctions under the column heading 

' Use '. If the quantiti es of items planned into any bucket cause the constraint or restriction to 

be used more than the restriction is available then the used quanti ty will turn red. This is 

done to help make problem areas visible to the scheduler. An example of a restriction is the 

number of hours a machine is available to run in a bucket. 

The bottom half of thi s screen di splays a li st of items, ' Groups' or ' Sub-Groups' (depending 

on what choice is made by the user) used in the schedule with the quantities planned and 

excess quantities available (after the current orders are taken away) . This table has the 

quantities planned in white boxes (as can be seen in Fig ures 17 and 18) and excess quantities 

available are shown against the grey background . The required quantities are calculated 
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based on the manufacturing due date of the orders. If the quantity to manufacture is less than 

the required quantity, then there will be a shortfall of requirements compared to avai lable. 

This number will show up as a negati ve in the excess quantiti es available columns and as thi s 

is an important issue, it is coloured red. 

The quantities planned can be adjusted simply by typi ng the new quantities into the white 

cells of the tabl e. As the planned quantiti es are adjusted the rest of the screen will 

automaticall y change to re fl ect the new situation . When the ·save Data' button (in th e top 

left-hand corner) is pressed the data is saved as a new schedul e so that it can be written back 

to the BPC'S MRP-II system latter at Pastoral Foods . Thi s is a big advantage of this screen , 

as it makes adjustments to the sched ul e very fas t and easy to put into effect The release 

dates for production sched uled are written back into the customer orders so th at th e date an 

order is goi ng to be manufactured (th e release date) can be seen on the customer order. 

Another advantage of thi s screen is that it is able to display the total quantities of ·Gro ups' 

and ·s ub-Groups · of items that are planned in any bucket Thi s wi ll enab le the sched ul er to 

see where any economies can be made easily The ·Groups· are made up of items that are 

beneficial to run together. The user can swap between these two screens and manipulate the 

schedu le in either ·groups· or items at will . 

The benefits of this can be reali sed with the schedu ler matching small runs of item s or 

·Groups' of ite ms in se parate buckets with excess capac iti es that can be used to run these 

quan titi es toge ther. A draw back of thi s system i that the detail of indi vidual items is lost 

and some major movements can cause problems wi th raw material ava il ability. Thi s problem 

can be over come if a Bill of Materials system is built into the scheduling program so that any 

issues with raw materi al quantities can be assessed or di splayed and dealt with appropriately. 

This system on the whole is very powerful and can be of great benefit to the schedul er. 

10.4 - Case Study- Use of Adjustable Summary Table 

The Adjustable Summary Tables are a concept that has been developed entirely in this 

project They have been and still are used successfull y at Pastoral Foods. An example of its 

use was when an item was put on hold for one particular customer. This meant that all 

planning for thi s item had to be removed from the schedules, which affected a significant 
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amount of work ( I 0% of the following week ' s planned production ). Because of a ti ght 

scheduling situation with customer wanting more product than Pastoral Foods co uld suppl y 

th e deci sion was made to bring forward as much work as possible to fill the void of work. 

Usi ng the ' Items and Groups v Ti me Buckets on Quantiti es ' Adjustable Summary Tab le 

(s imilar to those in Figure 17 and 18) the production staff were able to see what product was 

available to be bought forward easil y. With thi s they could decide which items and 

formulations they wanted to make in that week to get ·good run s· in their plant. After thi s 

decision was tentati ve ly made the new schedul es are forwarded to procurement so that they 

could check for raw materi al availability. Some items could not be made as production had 

hoped, but the majority of the schedule was accepted and after some minor adj ustments the 

plan went ahead. 
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Chapter 11 - Over-All Solutions 



11.1 - Overview 

The system built as a scheduling tool in this project 1s a .\lu:ruso/i Ac:c.:ess database \vith 

Vi sual Basic code controlling it and a Gantt Charting program built as a separate Visual 

Basic Program. The Alic.:m.\'l~/i Access database and Gantt Charting program are able to 

exchange information with each other. This provides all information in one concentrated 

place for convenience and ease of use. 

The required output of scheduling algorithms ma~ 'ar~ from si tuation lO situation. T he 

po s1ble requirement ma~ include .. 

• A li st or hop Orders or Finn Planned Orders (or their non MRP-11 equ1\alents) to be 

processed on each scheduled machine centre \\Ith a recommended manul'actunng 

sequence 

• A li st or Shop Orders or Firm Planned Order (or their non M RP-11 equivalents) to be 

processed on each da~ (specilied Release Date) on each schedu led mach111e centre 

• A list or hop Order or tirm Planned Orders (or their non MRP-11 equ1valcnts) to be 

processed in each scheduling bud,et on each scheduled machine cen tre. 

• A li st of Shop Orders or Firm Planned Orders (or thei r non MRP-11 equl\ a lent · l to be 

done in each scheduling bucket on each cheduled machine centre '' ith a 

recommended manul'acturin g equence 

• A li st of items to be made 111 each ·chedul1ng bud,et on each scheduled machine 

centre. 

• A l ist of items to be made in each scheduling bucket on each scheduled machine centre 

'"ith a recommended manufacturing sequence. 

Each hop Order or Firm Planned Order (or its non MRP-11 equivalent) can be linked to a 

speci fie Customer Order if required. Thi s ma~ be needed if special instructions for each 

Customer Order are needed. For example the Customer"s Order number or address ma) need 

to be printed on the packaging. The system developed in this project can easil~ be modified 

to out put an) of the above requirements. At />astoral Foods some of the customers require 

their specific information on each product and so some Shop Orders need to be linked 

directly to the Customer orders they are being made to sati sfy. With this in mind the required 

output of thi s project was a list of Shop Orders with a unique sequence number attached for 

each Release Date and the Release Date to be specified for each Firm Planned Order. 
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11.2 - Procedure of the System's Operation 

The over-all procedure that will be used by operators of this scheduling tool will need to 

encompass all aspects of the scheduling function , from recei vi ng raw material delivery 

information from procurement, to setting new customer order shipping dates. The system 

starts up with the main menu screen as shown in Figure 19. Thi s screen gives access to all 

components of the system including the Gantt Charting Tool. 

'Paslmal Foods (NZ) Llm1lcd ~ (Schedurmg Tool Application 1) l!lfrJEI 
~ Eile ~dit Ylew Insert FQ.rmat B.ecords Iools W:indow tielP 

Scheduling Tool Application 1 
Pastoral Foods (NZ) Limited - Specialty Processed Cheese 

fa-tract Data 
I F"!J!1 )3_P_G_S 

LI.it Order 
Constraints Qry 

F0tm'¥iew 

Requ.irem.en~ 

Vs Constraints 

Anilable To 
Promise 

Add fain 
Trials Info 

Item Make 
Restrictions 

Edit Groups I 
Table 

rut Siil> Groups 
T~le 

Items Vs View Schedule Write Data 
Quantaties ListiJlg BackToBPCS 

Optimisation Edit Schedule Save Schedule 
Macro 

f.d.it Group 
Change Times 

rut Siil> Group 
Change T imes 

FPO LL.fu; Locally 

View Gt'Oup 

Cltange Ti>Ms 

Vuw Suh Gro up 
Change Times 

I f 

Figure 19 - Scheduling Tool - Main Scheduling Screen 

A brief description of a procedure for scheduling with the system developed in thi s project is 

as listed below. A more detailed description of each step follows in Sections 11.2. I 10 

J 1.2.9 ... 

I. Obtain a list of unfilled Customer Orders and the Shop Orders I Firm Planned Orders 

they match to (automaticall y done by the system). 

2. Display Adjustable Summary Table of 'Capacity Constraints and Restrictions' for each 

scheduling time bucket 

3. Scheduler adjusts capacity constraints and restrictions for each of the buckets as 

appropriate and stores the new information for future use. 
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4. If desi red the schedu ler can run the ·Automatic Schedu le Optim isation Macro ' to find 

the best schedu le. 

5. The scheduler should inspect and (as appropriate) adjust the schedule using the Gantt 

chart and · Items and Groups v Ti111e Buckets on Quantities' Adjustable Su111mary 

Table . 

6. Procurement to check for raw materia l avai lab il ity. 

7. The scheduler adjusts the schedule (as appropriate) in light of the information from 

procurement. This is done using the Gantt chart and · items and Groups v Time 

Buckets on Quantities · Adjustab le Su111mary Table. 

8. Feed back of all exceptions to promises already made to marketing. 

9. Output of schedule to manufacturing. 

11 .2.1 - Obtain a Customer Order Listing 

The starting point for any scheduling system is always what to make. In thi s syste111 it 

is a li st of custo111er orders and stock orders . At l'ostoral Foods some products are 

now 111ade to th e customer's forecasts and so stock orders are created for these items 

These stock orders are a refl ection of the customer·s net production requirements. 

Pastoml 1-'<)()ds has contracts with its make-to-stock customers to have available for 

suppl y the quantities forecasted on certain dates . As these stock orders have a specific 

date they are requested by and a definite quantity they can be treated th e sa111 e as true 

customer orders . 

The scheduling system will present the planned manufacturing orders in a form similar 

to that seen in Figure 20. Each Shop Order is matched to a speci fie Custo111er Order or 

forecast. 
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' 
. , ... , . ' _ 101 1x 

II § E!le !;dot 'IJew Insert f Q.rmat Records Io~s ~ndow t!elo ~ 
Status I ShopOrder I CustOrder I lternNo I Item Descript ion I Req Qty I Fin Qty ! Release I SchedGroup I ~ 

~ Open 58969 1994 7 002849 FIC CHIVES FRANKLINS 91 0 1916100 RETRO FL~VOURS 
Open 58970 19951 002850 FIC CRCKD PEPR FILINS 120 0 1916100 RETRO F~VOURS 

= Open 58971 1994 7 002850 FIC CRCKD PEPR FILINS 110 0 1916100 RETRO fl.PVOURS 

_Open 58972 19899 004J12 BURGER l<'ING 14<1 0845kg 251 0 1916100 SOS 2 LINE -
Open 58973 19900 0043 12 BURGER KING 14<1 08 45kg 252 0 1916100 SOS 2 LINE 

= Open 58975 19901 0043 12 BURGER KING 14'1 0845Kg 188 0 1 916100 SOS 2 LINE 

_Open 58976 I 9898 004311 BURGER KING 14x1 0845'g 152 0 1916100 SOS 2 LINE 
Open 58977 20101 27117 MLD G~RDEN CHNES 14X250G IWS 600 0 1916100 RETRO FLWOURS 

= Open 58978 20101 27133 MLD CRKD PEPPER 14X250G rvvs 600 0 1916100 RETRO f~VOURS 

_Open 58973 20101 2715 1 MLD LITE SLICE 2•><2500 IWS 400 0 1916100 RETRO TRIMS, 1 KO:' 
_Open 58980 2002 4 2'15 1 MLD LITESLICE 24'2500 IWS 400 0 I 916100 RETRO TRIMS, 1 KG' 

_ Open 58981 20131 272 40 VftL MIXED 1 2X1 KG SLICE 1000 0 1916100 RETR O TRIMS, 1 KG' 

_Open 5898 2 201 JO 1727 1 MLO BURGER 1 2X1 lhC' SOS 200 0 l 916i00 SOS 2 LINE 

_Open 58983 20101 2727 1 MLO BUR ER I 2X1 2KG SOS 200 0 1916100 SOS 2 LINE 

_ Open 58987 20101 31310 GLXY CRCkD PEPPER 2KG SKIN I 08 0 1916100 BULK & BLOCK Sl'I ~ 

_Open 58988 20101 31312 GU<Y G Hl'Y'E~ 4X2~.G I 08 0 1316100 SUL; & BUCK S•Jt 
_Open 58989 20090 66920 Ch ES CHEDDAP 12 .1 2KG SGS 1 6~ 0 1916100 SOS 2 LINE 

- Open 58990 20050 802200 ANC HI· MELT 6X2KG 676 0 1916!00 BULK & BLOCK 2Kg 

I-
Open 58991 200 51 802200 NC. HI- MELT 6X2kG 833 0 1916100 81JL; & 8LXK 2Kg 
Open 58992 1 928 802200 ~NC '-IH•ELT 6.-:2KG 500 0 191 00 BIJLV & SLOCk 2Kg 

I-
Open 5899) 199 20 8022 1 0 CID GARLIC 2500 iMODl 86 0 1916100 RETRO FLWOURS -

I-
1)pen 5a99• 19379 801l80 (ID TRIM l50G 1•10Dl 188 0 1916100 RETRC• TRIMS, n·G 
Open 58995 20025 802280 CID TPIM 2'50G ( 100) 225 0 1916100 RETRCi TR.r•S. 1 KC' 

I-
Open 58996 19959 30?880 WM!ATCHERS 1 lX250G 640 0 1916100 RETRO TRIMS, 1 KCC -

I-
Open 58997 199 58 902880 WN'JATC HERS 1 lX250·:· JlO 0 19!6100 PETR•:O TRIMS, m:. 

- Open 58998 1995' 802880 VVN'IATCHEPS 12"250G 160 0 1 ';3/6/00 RETRO TRJ'AS, 1 r.·.3 

- Open 58999 19956 802880 WN'IATCHERS 1 lX2500 160 0 1916100 RETRO TRIMS, 1 KG 

Oper1 59000 20025 8040 I 0 ANC 2500:, (HftL~LI S E ft 400 0 1916100 K.D LINE 
I-- Open 59001 19928 804590 ~NC US( RB 250G T "IV'#.AN 'WS 300 0 I 916100 K D LINE .:.I 
Record: ~~~ of 201 (F~tered) 
Datasheet View 111r---1-

Fig ure 20 - Scheduling Tool - Orders Listing 

11 .2.2 - Display Capacity Constraints and Restrictions for Each Bucket 

A li st of th e ava il abil ity of all manu fac tu rin g fac il iti es and crews is a very necessary 

component of planni ng. In th is system th is list is reduced to a minim um number that 

adequately describes the manu facturing constra in ts and restrictions as we ll as the 

requi rements fo r each of them. The scheduli ng system wi ll present the avai lab il ity and 

requirements fo r each constra int or restricti on in a fo rm simil ar to that seen in l-'ig 11re 

2 I. Thi s is an Adjustable Summary Tab le th at all ows the user to directl y in put the 

constra int or restricti on quantities fo r each time bucket. Thi s table will calcul ate the 

requirements of a Backward Schedule from the manu fac turing needs of all orders The 

Backward Schedule calcul ation is not a simple operati on as it mi ght appear. Each 

order must be loaded into the latest bucket it can be manu fac tured in one at a time. At 

Pastoral Foods some lines will use more staff with hi gh manufacturing quantities in 

each week and so some quite complex calculations are invol ved in the Backward 

Schedule. When there are problems with orders that the required manu fac turing 

quantities are in excess of the ava il able capacity to make them, then the company has a 

problem. These problems are hi ghlighted in red in the first column or first time 

bucket Onl y the first time bucket turns red because thi s is the way a Backward 
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Schedule is calcu lated. This makes it easy to see exactly how much of an overload 

there is and where there is available capacity. 

'Pasloral Foods (NZ) Lumled - JhmReqVsAva11l · Form) l!ll'.ilEi 
I §I Eile ~dil: YJew [nsert fQ.rmat B.ecOfds Iools ~ndow ~Jp 

SPC Required and Available Hours Form 
Back>vards Schedule 

Release Date I 29·May--00 I 06-Jun-00 I 12-Jun-00 I 19-Jun-00 

Avail Req Avail Req Avail Req Avail Req 

Crew Hours (Hrs) J230 258 I 230 230 ["230 230 [230 230 

SOS 2 Lines (Hrs) 1187 14"1 1187 37 1187 164 1187 167 

SOS 1 Line (Hrs) f1iO "'° f1iO f1iO 
ROS (Hrs) f1iO 0 "'° 0 f1iO 0 f1iO 0 

Vogele (Hrs) jilO 10 f1iO 66 f1iO 71 f1iO 10 

Rietz (Hrs) jilO 31 "'° 35 f1iO 13 f1iO 46 

Freezer (Ctn) f'SCiJ 0 flSCiJ 21 7 f15oO 600 j 1soo 0 

Key lngred (Hrs) f1iO 2 f1iO a f1iO 18 f1iO 17 

EMC (kgs) I 6600 340 I 6600 0 I osoo 2• 00 I 6600 2400 

Bock Schedule I Acluol Demond I 
S a1i1e And Close I 

I 26-Jun-00 I o3-Ju1-oo I 1 O·Jul-00 

Avail Req Avail Req Avail Req 

[230 47 f230 42 I 230 54 

f187 ,, f1"' 41 1187 54 

[110 f1iO f1iO 
[110 a f1iO 0 f1iO 0 

[110 3 f1iO 0 f1iO 0 

[110 34 f1iO 1 f1iO a 

I •500 a I ISOO 0 f1sOO 0 

[110 0 f1iO 0 f1iO 0 

1 6600 0 I 6600 0 I osoo 0 

11: 
Ave 

rn 

"" 111 
111 
111 
111 
fl50 
111 
rw 

~I 
FormY1ew 

~ -.-rr---.-

Figure 21 - Capacity Constraints and Restrictions - Pastoral Foods SPC 
Department 

11 .2.3 - Adjust Capacity Constraints and Restrictions for Each Bucket 

If there are issues with the schedule (e ither too much capacity or too little) then 

adjustments may be required to the quantiti es of the restrictions. Extra staff may be 

bought in , or excess staff laid off, extra maintenance can be planned or planned 

maintenance cou ld be postponed . Any changes will need to be summarised and the 

-capacity Constraints and Restrictions ' Adjustable Summary Table will need to be 

altered. 

11 .2.4 - Run the Automatic Schedule Optimisation Macro 

A method for improving the schedule is to run the ' Automatic Schedule Optimisation 

Macro ' . This uses the 'Combination Individ ual Group Enumeration and Tabu Search ' 

algorithm described in Section 5. 7. lt is not compulsory to run this macro, if the 

77 



scheduler decides that helshe •vants to manipulate the schedule him her se lf man ually 

\\ ith the aid of other devices in this scheduling tool. 

11 .2.5 - Inspect and Adjust Schedule 

Inspection and adjustment or the chedule can be done manuall: i r desired by the use 

of t\VO major tool s of thi s project. The Gantt Charting Tool and the · items and Groups 

v Ti me Buckets on Quantities· Adjustable ummar: Table can be used to manipulate 

th e schedule. The features and use of these systems is di scussed in detail in ( 'harJfer 

I 0 

11 .2.6 - Check for Raw Material Availability 

All\ schedule must be checked to see if It can be reailsticalh ach1e,ed. The . . 

cheduling tool can check for most iss ues that will normall y be constraints or 

re tric t1ons. But at this stage the scheduling tool produced in this project cannot check 

1rthe ra\\ materials \\ill be a\ai lable. Once the schedule has been produced it must be 

fof\\arded to the procurement department so that the: can check that the: can raise all\ 

1 sues the: ma: hm e \\ith the schedule If the schedu le has onl: minor changes to it 

then rechecking the availabil1t) or all items ma: not be necessary A list of changes to 

the schedule. ince the last check or ra" materials mm be all that 1s needed The 

) Stem can produce a list of the recem changes to the schedule so that this can be 

checked in isolat10n from the schedu ling tool. The list or changes screen can be seen 

in !- 1g11re 11 
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~ • . I • I I I - 1i5' 1X 

ti Eile '-dil: ~ew [nsert FQ.rmat B.ecords Iools ~ridow t!.eb 

lj ~- ~ ~H?i. ::.>- ~. "t.~~-:-:~. ~ l ~iH J "'? "§J v f 1t1i >-~Jc: /Oi;i· l11J 
Item I lte mDescriplion I Otv I DueDale I Rel ease I NewRelease 

~ 002849 F /C CHIVES FRANKUNS 120 20XIJ728 17.u7 ilJJ 26,1J6,1JO 
_ 004312 BURGER KING 14xl 084Shg HILA.CT 36 20XIJ727 17AJ7ilJJ IOAJ7AJO 
_ E0361 0 A.NC USORB 500G TAIWAN IWS 1608 20XIJ704 26lffill)J 19AJ6AJO 
_ 807890 NO FRILLS REG 250G FRANKLINS 240 20XIJ728 2411)711)] 17AJ7AJO 

807920 NO FRILLS RE 1~ SOJG FRANKLINS 8280 20XIJ728 17AJ7ilJJ IOAJ7,1JO 

Record : ~ r----i-~ cl 5 

Dacasheet l/1ew 111r--,----

Figure 22 - Scheduling Tool - Recent Schedule Changes 

11 .2.7 - Adjust Schedule in Accordance with Raw Material Ava ilability 

If there are any problems with the schedule with respect to raw material s then these 

must be adjusted for, possibl y using the · items and Groups v Time Buckets on 

Quantities · Adjustable Summary Table and1or The Gantt Charting Tool. These 

systems are discussed in detail in C 'ha171er JO. 

11 .2.8 - Feed Back Exception Information 

If there are changes to the schedule that are li ke ly to impact the customers then this 

information must be fed back to the marketing department. The system will produce a 

list of problem orders that may be late or close to being late so that these problems can 

be highlighted to the scheduler and given to the appropriate people. 

11 .2.9 - Output the Schedule to Manufacturing 

Reports on the schedule can be produced in the form Gantt Charts or Adjustable 

Summary Tables. The schedule once it has been decided upon can be verified as 

acceptable or otherwise inside the schedul ing system. Once approved the schedule can 

be written back into the BPCS MRP-U system, so that Shop Orders can be issued. 
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11.3 - Procedure for Accepting New Customer Orders 

A procedure for acceptance of and promising dates for new Customer Orders I Forecasted 

Requirements is as follows A more detailed description of each step can be seen in Sections 

J 1.3. J to J J.3..1. . 

I. Obtain a li st of unmatched (without Shop Orders or Firm Planned Orders to cover) 

Customer Orders (automaticall y done by the system). 

2. Obtain the ·A vai !ab le to Promise· capaci ti es and restrictions (a utomatical I y done by 

the system). 

3. Manually decide what extra orders to pl an. 

4. Create new Shop Orders and 'or Firm Planned Orders and input manuall y se lected 

·Release Dates ' for them. 

11 .3.1 - Obtain a List of Unmatched Customer Orders 

A li st of customer orders and forecasts that are not covered by Shop Orders or Firm 

Plann ed Orders can be obtained from the system in isolation from the orders that are 

covered in the production plan . 

11 .3.2 - Available to Promise Capacity Constraints and Restrictions 

The capacity that is available to promise has to be known to enable delivery dates to be 

promi sed on customer orders. The ava il ab le capacity shou ld be estimated based on the 

worst-case scenario that can be reasonab ly expected. Thi s can be done based on a 95 

0 o (fo r exampl e) Confidence Interva l. The Confidence Interval can be calculated usi ng 

basic stati sti cs as exp lained in detail in Sections 7 . ./ and 7 .5 This avai lable capaci ty 

fi gures (based on the worst case scenario ) are di splayed in the ·capacity Constraint and 

Restrictions Available To Promise ' Adjustable Summary Table. An example of this 

for the Pastoral roodv SPC Department can be seen in rigure 23. 
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"Pasloral Foods (NZ ) L1m1ted - (hmAva1lableT0Prom1sel Form) l!l~EI 

li §i Eile ~dit l£iew [nsert Fg,rmat B.ecords I ools ~ow tjelp ~~ 

SPC Capacity and Restrictions Available To Promise 

Release Date I 29-Me:y-OO I 06-Jun-00 I 1 2-Jun-00 I 19-Jun-00 I 26-Jun--00 I OJ-Jul-00 I , o-Ju1-oo 117 
Work Avail Work Avail Work Avail Work Avail Work Avail Work Avail Work Avail WOI 

Crew Hours (Hrs) 184 196 207 219 230 230 230 23 

SOS 2 lines (Hrs) 150 159 131 168 193 178 126 187 302 187 448 187 511 18 

SOS 1 Line (Hrs) 88 94 99 10S 110 110 11 0 11 

RDS (Hrs) 88 88 94 182 99 281 10S 385 110 495 110 605 110 71 5 11 

Vogele (Hrs) 88 78 94 106 99 133 105 228 110 335 110 4-16 110 555 11 

Ri etz (Hrs) 88 57 94 11 6 99 202 10S 261 110 337 110 446 11 0 556 11 

Freezer (Ctn) 1200 1200 1275 2258 1350 3008 1425 4433 1500 5933 1500 7433 1500 8933 150 

Key lngred (Hrs) 88 51 94 144 99 226 105 313 110 4.23 110 533 110 643 11 

EMC (kgs) 5 80 140 5610 5750 5940 9290 6270 13160 6600 19760 6600 26360 6&10 32960 660 

Figure 23 - Capacity Constraints and Restrictions Available to Promise - Pastoral 
Foods SPC Department 

11 .3.3 - Decide what Extra Orders to Plan 

Using th e ava ilabl e to pro mi se capacity the pl anned manufacture dates fo r th e new 

requ irements can be selected . Each new order w ill have item number, quantity, due 

date and planned release date. If th e new orders are w ith in the raw materi al supply 

lead-time fo r their raw materi al components, th en procurement should be consulted to 

see if there is enough materi als on hand or in supply to make th e new planned quantity 

in addition to all previou ly planned orders. 

11 .3.4 - Create Shop Orders and/or Firm Planned Orders for Orders 

Once the extra planned manufacturing has been decided the onl y task remaining is to 

create the Shop Orders or Finn Planned Orders. To make thi s task as easy as possible 

a form has been created in the database that enables the user to simply type a planned 

manufacturing date against a new Customer Orders. From thi s the system can 

automaticall y create new Firm Planned Orders, which can be automatically chan ged to 

Shop Orders by the BPCS MRP-ll system . 
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11.4 - Coping with Changes in Requirements 

Modern manufacturing environments are often very changeable and accordingly the 

requirements of a scheduling tool will also be very changeable. Often a custom built 

scheduling tool will not be able to cope with significant changes to the scheduling 

environment, without th e need for major time consuming reprogramming of the system. 

However thi s is a very desirable aspect of a scheduling tool and considerable effort was put 

into creating a scheduling package that could cope with change, we ll . A li st of types of 

changes that the system can cope with is li sted as follows 

• Changes to capacities and availability of constraints and restrictions. 

• Addi tion of new items. 

• Addition of new ·Groups· and ·sub-Gro ups'. 

• Changes to crewi ng and staffi ng levels of manufacturing departments (crew rostering 

systems). 

• Addit ion of new manu factu rin g lines. 

• Additi on of new man ufact urin g departm ents (crew rostering systems) 

Changes to the system could be put into effect by makin g additions to Mtcrosu/i Access 

tables and adjustin g a A ftcroso/i Access tab le or SQL state ment. Thi s cou ld be written and 

understood by many people who can wr ite SQL statements or use th e ,\,f1croso/i Acee.is SQ/, 

Wnter . The systems developed and spec ifi ca ll y developed for RJ>C 'Sat /1u.11ural Foods . 

However it is not a diffi cult task to change the data input components of the sched uling tool 

to read from other places and it co uld be adapted to read from another type of system 

provided that all of the same information is available in some for m, through the MRP-11 

system. 

The SQL statements for orders listings and usage of constraints and restrictions for Pastoral 

Foods SPC and !WS Departments can be found in Appendix 2. I and 2.2 . 

11.5 - Future Work 

The systems developed in this project cope extremel y well with the specific task of 

scheduling. However they need to be integrated with other aspects and function s that are part 

of the planning role. A procedure for that would be better and help the scheduler ' s role 

significantly is as follows . 

82 



I. List unfilled Customer Orders and the Shop Orders I Firm Planned Orders they match 

to. 

2. Display a tabl e of Customer Orders with their planning dates and progress in 

manufacturing. The scheduler should check this list to make sure that all the orders are 

appropriate and realistic. 

3 Display an exception report that hi ghlights any orders that exceeds customer's forecasts 

or imposed restrictions. 

4. Automatic checking of raw material availability against requirements using the Bill of 

Materials and available stocks. 

5. Display ·Adjustable Summary Table · of ·capacity Constrai nts and Restrictions · for 

each bucket. 

6. Scheduler adjusts capacity constraints and restrictions for each of the sched uling time 

buckets as appropriate and store the new information for future use. 

7. If desired the schedu ler can run the ·Automatic Schedule Optimisation Macro· to find 

the best schedu le. 

8. The scheduler should in spect and as appropriate adjust the schedule using the Gantt 

Chart and ·Adjustable Summary Table· of ·items and Groups v Time Buckets on 

Quantiti es· 

9. Feed back: of all exceptions to promi ses previously made to marketing. 

10.0utput of schedule to manufacturing. 

A procedure for accepting and promising delivery dates on new customer orders that wou ld 

help the schedu ler' s role is as follows 

I. Obtain a list of unmatched (without Shop Orders or Firm Planned Orders to cover) 

Customer Orders (automaticall y done by the system ) 

2. System generated ' Available to Promise ' dates of manufacture and availability to the 

customer taking into account of capacities and restrictions and raw material 

avai la bi I ity 

3. Automatic updating and acceptance of orders in the system by entering ·Release Dates ' 

against orders and allowing the system to do the rest 

These new procedures will require extra development and new systems to be built and 

integrated into the scheduling tool. Some of these are in the fo llowing ... 

• Materials Requirements Planning and Bil ls of Materials. 
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• Customer order v forecast analysis system. 

• Automation of the process of dealing with new Customer Orders. 

• Automatic creation of Shop Orders directl y from Customer Orders (often part ofMRP­

I I) 

• Full integration of the Gantt chart into the scheduling tool (presentl y it is a separate 

program). 

• Ability to perform a true Backward Schedule. 

Other work that could also be of significant benefit to a scheduling package is the integration of 

·Routing Files· so that multi stage processes can be mapped accurately. This will use the OPT I 

(jofdrall Scheduling Method di scussed in ,\ 'ec11on -1.3 . 
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Chapter 12 - Discussion and Conclusions 



12. 1 - Overview 

The research in thi s project has seen systems developed that have made a significant attack 

on the scheduling problems at Pastoral Foods and some of these systems can be applied to 

the scheduling problems in many other organisations. 

Sequence Dependant Set-ups are a significant (a nd very common) problem in manufacturing, 

that makes the task of schedu ling much more difficult than it otherwise wou ld be . This 

project developed strategi es for coping with Sequence Dependant Set-ups. 

This project realised th e importance of simplifying the sched uling processes as much as 

possible . Complex processes can be very difficult to write programs for and if at all possible 

they should be reduced to single stage operations. Generally a lot of manufacturing process 

in ew Zealand can be reduced to sched ulingjust 1 or 2 stages. Bucket scheduling is a 

technique that can be used to reduce the size of the sched uling problem . Gro uping similar 

items together was also used to reduce the size of the schedu ling problem. 

Tabu Search is an algorithm that can hunt through a large so lution space and seek out optimal 

or good schedules in a realistic time frame . Tabu Search was used to great effect in this 

project in an "Automatic Optimisation Macro '. It was found that the quality of the so lution 

found by the Tabu Search algorithm was dependent on the scheduling objective function that 

was used to define a good schedu le. Scheduling objective functions can be used to dictate the 

solutions optimality in terms of objectives like Total Make-span , or it may force the schedule 

to be as safe as possible from missing orders. It is a decision to be made by the company as 

to where in the spectrum (between these two opposing extremes) the scheduling algorithm 
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should try to aim - safety or optimality. Pastoral Foods objectives were very much towards 

creating safe schedules that wou ld prevent orders being delivered late. 

Gantt Charts and Adjustable Summary Tables were created so that the schedules could be 

easily seen and judged by the scheduler. These also all owed very quick and easy adjustment 

of the schedules. 

12.2 - Operators View 

The operator's view of the system is that it is a very powerful scheduling tool that can be 

used to schedule effectively. It is especiall y effecti ve at scheduling the factories at Pastoral 

f-'<)()d.1· in the medium ran ge of 3 to 6 weeks. Thi is where the sc hedu le shou ld be stab le and 

thi s is also where most of sc hed ul e rearranging should be done. Changes that occur within 

th e 3-week time hori zon are likely to vio late th e standard procurement lead-times for a 

significant number of the raw materials. Thi s leaves the schedul e changes un confirmed until 

th ey ha ve been passed through procurement. Because of thi the sched uling system is less 

effecti ve than it might otherwise be for scheduling in the short term . These problem can be 

rectifi ed by further work. 

12.3 - Outcomes for Pastoral Foods 

During the course of the project Pastoral Food\ reali sed its vu lnerab ili ty to poor or poorly 

maintained planning systems. On more than one occasion in recent history the scheduling 

has been done badly and bad information was partially to blame. Because the company's is 

now pushing itse lf towards ensuring better customer service, they have decided to purchase a 

commercial package supported by a large corporation. This wi ll give Pastoral Food1· a more 

secure and proven system than could ever be given by a single person developing, supporting 

and maintaining a whole system , as has been developed in this project. 
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Pastoral Foodv gained a significant amount out of the project in terms of support for the 

planning function. Many new information tool s were de veloped as sidelines to the main 

focus of the project. The Gantt Chart Tool was developed and has been used for some time 

by Pastored Foods to cope with th e significant changes to their crew rostering arrangements. 

Much information on changeover times and production rates was gathered and is available 

for use in the commercial scheduling package that Pastoral 1:ood\· has chosen. Pastoral 

1:oods now understands its sched uling problem much more effecti vely because of the work 

done in thi s project 

It is diffi cult to meas ure exact benefits of the proj ect on Pastoral Foods without a full 

in stallation of the systems developed under the same circumstances as b fore and a tier the 

installation The benefit s of thi s projects have been realised slowly over time at Pastorol 

l··ood1 and have coincided with other changes in the factories operati ons along with changes 

in th e market's requirements. In order to attempt to measure the exact performance of the 

project alone, fac tory simulati ons were run . The e si mulati ons used real hi stori cal situations 

to compare the original schedules wi th th e sched ul es created by thi s system . These plans 

were run through the same uptime and downtime occurrences as what actuall y happened in 

the factories . The schedules created with the new systems realised the following 

improvements over the schedules that were actually issued to the factory . 

• Four percent increase in productive capacity averaged over all factories , created by a 

measurable decrease in downtime due to product changeovers. 

• Ten percent decrease in real lead times due to better management of capacity. 

• Ninety percent increase in orders ' delivered in full and on time ' . 
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Appendix 



Appendix 1 - Pastoral Foods (NZ) Limited List of Items 

1.1 - Individually Wrapped Slices - List of Items 
Item No 
002847 
002848 
002849 
002850 
002922 
002923 
003485 
003486 
004308 
004310 
004328 
004391 
004437 
004438 
004439 
004571 
24764 
27112 
27113 
27116 
27117 
27118 
2713 2 
27133 
27138 
27142 
27144 
27151 
:27225 
2n40 
27250 
~7~5~ 

27510 
37119 
37120 
37121 
37122 
37123 
37124 
37125 
37126 
47150 
47151 
47152 
47153 
47154 
47158 
47159 
63763 
637 64 
637 65 
637 67 
63769 
63770 
63771 
63772 
63774 
63775 
63776 
63777 
63778 
63785 
80 0 60 0 
80 0 990 

Item Description 
F/C PIZZA IWS 250G 
F/CE SMOKED FRANKLINS 
F/C CHIVES FRANKLINS 
F/C CRCKD PEPR F/LINS 
VAL 250G IWS MIDDLE EAST 
VAL 500G IWS MIDDLE EAST 
MLD CALCIUM ENRICHED 500G 
MLD CALCIUM ENRICHED 250G 
CID HIGH CALCIUM 250G - SEA 
C/D HIGH CALCIUM 250G - SEA 
HOME BRAND LITE IWS - 500G 
C/D ANLENE 250G IWS - TWN/HK 
CID TRIM SINGLES 227G IWS 
C/D COLOURED 24X227G 
C/D COLOURED SINGLES 454G IWS 
C/D CHEDDAR 14 SLICE ME 
W/WATCHERS NZ 12X250G 
MLD TASTY 24X250G IWS 
MLD COLBY 24X250G IWS 
MLD FARMHOUSE BACON 24x250G 
MLD GARDEN CHIVES 24X:50G IW 
MLD THICK & TASTY 250G IWS 
MLD EDAM 250G IWS 
MLD CRKD PEPPER 24X250G IWS 
MLD SMKD 24X250G IWS 
MLD CHED 24X250G IWS 
MLD ONION 24X250G IWS 
MLD LITESLICE 24X250G IWS 
VAL SLICES CHED 500G 
VAL MIXED 12XlKG SLICE 
COWHEAD PLAIN 250g IWS 
COWHEAD PLAIN 500G IWS 
NO FRILLS 12XlKG SLICES 
F/CHOICE REDUCED FAT 250G 
FIRST CHOICE REGULAR 250G NZ 
F/CHOICE PINEAPPLE 250G 
F/CHOICE SMOKED 250g 
F/CHOICE CHIVES 250g 
F/CHOICE CRACK/PEPPER 250g 
F/C PIZZA IWS 250G 
F/C SUNDRIED TOMATO F/LINS 
TARARUA CHED 24X200G IWS 
TARARUA TASTY 24X200G IWS 
TARARUA LITE CHED 24X200G IW 
TARARUA LITE CHIVE 24X200G IWS 
TARARUA P/APPLE 24X200G IWS 
TARARUA COLBY 24X200G IWS 
TARARUA BURGER 24X200G IWS 
C/D CHED 24X250G LOC IWS 
CID COLBY 250G LOC 
CID TASTY 250G LOC 
C/D CHIVES 24X250G LOC IWS 
C/D HRB&GARLIC 24X250G LOC IWS 
C/D ONION 24X250G LOC IWS 
CID P/APPLE 24X250G LOC IWS 
CID SMKD 24X250G LOC IWS 
C/D LIGHT&TRIM 24X250G IWS 
CID NACHO 250G LOCAL 
C/D BURGER 250G LOC 
C/D PIZZA 250G LOC 
CID EDAM 250G LOC 
C/D lKG LOC IWS 
ANCCOLOURED 24X250G IWS 
ANC PLAIN 12X500G IWS 

Form 
F0288 
F0232 
F0282 
F0251 
F0207 
F0207 
F0279 
F0279 
F0279 
F0279 
F0273 
F0216 
F0214 
F027 l 
F027 l 
F0215H 
F0214 
F0234 
F023 6 
F0330 
F0282 
F0234 
F0239 
F0251 
F0232 
FOll l 
F0233 
F0244 
FOll 1 
FOll l 
F0274 
F0274 
FO 111 
F0230 
F0275 
F0287 
F0232 
F0282 
F025 l 
F028 8 
F0289 
FOlll 
F0234 
F0264 
F0265 
F0284 
F0236 
F0330 
FOlll 
F0236 
F0234 
F0282 
F0219 
F0233 
F0284 
F0232 
F0244 
F0253 
F0330 
F0254 
F0239 
FOlll 
F0208 
F0207 

Group 
IWS B Flavours 
IWS B Flavours 
IWS A Flavours 
IWS A Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS A Flavours 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS B Flavours 
IWS A Flavours 
IWS A Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS B Flavours 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS A flavours 
IWS Cheddar 
IWS B Flavours 
IWS B Flavours 
IWS Cheddar 
IWS B Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B flavours 
IWS Cheddar 

Seq 
1720 
1580 
1250 
1350 

660 
690 
830 
840 
845 
840 

71 
0 

212 
1505 
1505 

0 
130 
960 
900 

1760 
1260 

980 
850 

1360 
1590 

745 
1110 

90 
780 
790 
550 
580 
800 

40 
610 

1520 
1610 
1280 
1380 
1720 
1390 

740 
950 

80 
1210 
1400 

890 
1750 

760 
920 

1000 
1290 
1310 
1130 
1410 
1620 

110 
1730 
1780 

552 
870 
810 

1560 
700 

SPR 

108 
108 
108 
108 
125 
125 
122 
122 
122 
120 
125 
122 
129 
130 
130 
107 
234 
125 
125 
117 
117 
117 
125 
117 
117 
125 
117 
120 
125 

60 
125 
125 

63 
115 
103 
108 
108 
108 
108 
108 
108 
125 
125 
117 
117 
117 
125 
117 
125 
125 
125 
117 
120 
117 
11 7 
117 
120 
117 
117 
117 
125 

60 
125 
125 

Appendix 

Weight 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 . 4 
5 . 4 
5 . 4 
7 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

12 
6 
6 

12 
6 
6 
6 
6 
6 
6 
6 
6 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

12 
6 
6 
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Item No 
801320 
801560 
801810 
801890 
801920 
802020 
802110 
802130 
802131 
802210 
802270 
802280 
802290 
802310 
802320 
802330 
802340 
802350 
802360 
802380 
802390 
802410 
80'.'880 
803480 
803490 
803510 
803520 
803540 
803550 
803610 
803 62 0 
803630 
803920 
804010 
804020 
804290 
804360 
804370 
804390 
804410 
804570 
804580 
804590 
804600 
804730 
804740 
804760 
804930 
804940 
804950 
804960 
805000 
806060 
806610 
807150 
807160 
807170 
807180 
807290 
807300 
807310 
807320 
807330 
807 62 0 
807 660 
807700 
807720 
807 850 
807890 
807 900 

Item Description 
CID CHED CLRD 24X250G 
C/D CHED 12X50 0G THAILAND 
ANC PLAIN 24X250G IWS 
C/D CHED 24X250G HK/TAIWAN 
C/D TRIM 24X250G THAILAND 
C/D P/APPLE THAILAND IWS 
MLD SLICED ONES 250G 
MLD SLICED ONES 500G 
MLD SLICED ONES 500G PROMO 
C/D GARLIC 250G (MOD) 
CID CHED 250G (MOD) 
CID TRIM 250G (MOD) 
C/D TRIM 250G (CHINESE) 
C/D P/APPLE 250G (MOD) 
C/D P/APPLE 250G (C HINESE ) 
C/D ONION 250G (MOD) 
CID SMOKED 250G (MOD) 
C/D CHED 500G (MOD) 
C/D 6 SLICE 125G (MOD) 
VAL CH ED 250G (MOD) 
VAL CHED 250G (CHINESE) 
CID GARLIC 250G (MOD) THAILAND 
W/WATCHERS 12X250G 
CID P/APPLE 250G (STD) 
CID TRIM 250G (STD) 
C/D GARLIC 250G (H/K) 
C/D GARLIC 250G (STD) 
C/D ONION 24X250G TWN IWS 
C/D SMKD 24X250G TWN IWS 
CID COLOURED 24X250G SPAINISH 
C/D COLOURED 12X500G SPAINISH 
C/D TRIM 24X250G SPAINISH 
C/D CHED 500G PLAIN NZMPP 
ANC 250G (HALAL) S . E . A 
ANC DUNKIN DONUTS 30Xl68G IWS 
C/D ONION 24X250G HONG KONG 
C/D SMKD 24X250G HONG KONG 
CID CHED 24X250G THAILAND 
C/D ONION 24X250G THAILAND 
C/D SMKD 24X250G THAILAND 
CID CHED 500G TAIWAN 
C/D GARLIC 250G TAIWAN 
ANC L/SORB 250G TAIWAN IWS 
ANC ARABIC 24X250G IWS 
ANC L/SORB 24X250G HK /T IWS 
ANC PLAIN 24X250G L/SORB IWS 
ANC L/SORB 12X500G IWS 
CID CHIVES 24X250G EXPORT IWS 
C/D SMKD 24X250G EXPORT IWS 
C/D ONION 24X250G EXPORT IWS 
C/D CHED 2 4X 250G EXPO RT IWS 
ANC LOW FAT 24X250G IWS 
C/D CHED 250G (3X8) 
ANC L/SORB SOOG TAIWAN IWS 
C/D CHED 24X250G 
C/D P/APPLE 250G 
C/D TRIM 250G 
VAL CHED 250G 
C/D PLAIN 24X200G (CIS) IWS 
C/D GARLIC 200G (CIS) 
C/D CHIVES 200G (CIS) IWS 
CID SMKD 200G (CIS) 
C/D ONION 200G (CIS) IWS 
ANC GIANT PACK lKG IWS 
C/D CHED 250G (3X8) - VIETNAM 
C/D 6 SLICE 113G COLOURED IWS 
C/D 750G MIDDLE EAST 
VAL PLAIN 24X200G STH AFRICA 
NO FRILLS REG 250G FRANKLINS 
VAL 48X200G 10 SLICE LIBYA 

Form 
F027 l 
F0280 
F0 206 
F0280 
F021 4 
F028 4 
F0280 
F0280 
F0280 
F0286 
F0280 
F0214 
F0214 
F0284 
F028 4 
F028 l 
F0285 
F0280 
F0280 
F0274 
F0274 
F028 6 
F0214 
F0221 
F0214 
F028 6 
F0238 
F0281 
F0285 
F0271 
F0271 
F0214 
F0215 
F020 6 
F0206 
F028 l 
F0285 
F0'.'8 0 
F028 l 
F028 5 
F0280 
F0286 
F0206 
F0207 
F0206 
F0206 
F0206 
F0226 
F0223 
F0218 
F0215 
F0198 
F0280 
F0 206 
F028 0 
F0284 
F0214 
F0274 
F0280 
F0286 
F0282 
F0285 
F0281 
F0207 
F0280 
F0208 
F0207 
F0274 
F0274 
F0114 

Group 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Chedda r 
IWS Cheddar 
IWS A Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Chedda r 
IWS B Flavours 
IWS B Flavours 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
I WS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS A Flavours 
IWS A Flavours 
IWS Cheddar 
I WS B Flavours 
IWS B Flavours 
I WS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS A Flavours 
I WS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS A Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 

Seq 
149 0 

45 0 
260 
38 0 
14 0 

143 0 
390 
4 60 
470 

116 0 
400 
150 
160 

1440 
1450 
1030 
1650 

480 
360 
520 
530 

1170 
135 

1470 
180 

1180 
1200 
1040 
1660 
1500 
1510 

190 
350 
270 
250 

1050 
1670 

410 
1060 
1680 

490 
1190 

28 0 
670 
290 
300 
310 

1220 
1690 
1070 

330 
125 
420 
320 
43 0 

1460 
200 
540 
370 

1150 
1240 
1640 
1020 

720 
440 

1540 
710 
630 
560 
510 

SPR 
125 
120 
130 
120 
120 
110 
125 
125 
122 
117 
125 
120 
120 
117 
117 
117 
117 
125 

65 
125 
125 
113 
234 
117 
120 
113 
117 
117 
117 
12 5 
125 
120 
12 5 
130 
117 
117 
117 
120 
110 
117 
120 
117 
125 
125 
125 
130 
130 
117 
117 
117 
125 
120 
125 
130 
125 
117 
120 
125 
125 
117 
117 
117 
117 
120 
125 

67 
107 
116 
135 

62 
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Weight 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 . 8 
4 . 8 
4 . 8 
4. 8 
4 . 8 
6 
6 
5.7 
6 . 8 
4 . 8 
6 
9 . 6 
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Item No 
807920 
807930 
807940 
807 960 
807970 
807980 
807990 
808060 
808070 
808080 
808090 
808110 
808120 
808130 
808 14 0 
808 15 0 
808160 
808 17 0 
808180 
808190 
808200 
808230 
808360 
808370 
808380 
808390 
808400 
808420 
808430 
808470 
99003485 
9927112 
9927113 
9927116 
9927117 
9927118 
9927132 
9927133 
9927138 
9927142 
9927144 
9927151 
99637 63 
9963764 
9963765 
99637 67 
99637 69 
9963770 
9963771 
9963772 
9963774 
9963775 
9963776 
9963777 
9963778 
9963785 
99807720 
99808080 
99808170 
99808180 

Item Description 
NO FRILLS REG 5 00 G FRANKLINS 
FIC REDUCED FAT 250G 
NO FRILLS LITE 500G FRANKLIN 
FIRST CHOICE REGULAR 250G 
FIRST CHOICE REGULAR 500G FR 
FIC REDUCED FAT 500G 
FIC PINEAPPLE IWS 250G 
HOME BRAND REG 250G IWS 
MLD SUPER LITE ONES 250G IWS 
MLD SUPER LITE ONES 500G IWS 
HOM E BRAND REG 500G IWS 
FIC SUNDRIED TOMATO FILINS 
CID TRIM 24X250G ARABIC 
CID ONION 24X250G MIE 
CID H&GARLIC 24X250G ARABIC 
CID PIAPPLE 24X250G ARABIC 
CID SMKD 24X250G ARABIC 
CID CHED 2 4x250G 
CID CH ED 12X500G ARABIC 
CID H&GARLIC 24x250G GUATEMA 
VAL 250G - MALTA 
TASTEE IWS 24X200G 
CID CHED 24X250G PACIFIC IWS 
ANC COL 24X250G IWS PACIFIC 
CID ONION 24X250G PACIFIC IW 
CID SMKD 24X250G PACIFIC IWS 
CID CHIVES 24X250G PACIFIC I 
CID TRIM 250G (MOD) PACIFIC 
CID 375G MI DDLE EAST 
CID TRIM 500G MIDDLE EAST 
MLD CALCIUM ONES 500G PROMO 
MLD TASTY 24X250G IWS PROMO 
MLD COLBY 24X250G IWS PROMO 
MLD FRMHSE BACON 24x250G PRO 
MLD GDN CHVS 24X250G IWS PRO 
MLD THICK&TASTY 250G IWS PRO 
MLD EDAM 250G IWS PROMO 
MLD CRKD PEP 24X250G IWS PRO 
MLD SMKD 24X250G IWS PROMO 
MLD CHED 2 4:<2 SOG IWS PROMO 
MLD ONION 24X250G IWS PROMO 
MLD LITESLCE 24X250G IWS PRO 
CID CHED 24X250G PROMO PACK 
CID COLBY 250G PROMO PACK 
CID TASTY 250G PROMO PACK 
CID CHIVES 24X250G PROMO PAC 
CID HRB&GARLIC 24X250G PROMO 
CID ONION 24X250G PROMO PACK 
CID PIAPPLE 24X250G PROMO PA 
CID SMKD 24X250G PROMO PACK 
CID LIGHT&TRIM 24X250G PROMO 
CID NACHO 250G PROMO PACK 
CID BURGER 250G PROMO PACK 
CID PIZZA 250G LOC PROMO PAC 
CID EDAM 250G PROMO PACK 
Chesdale Cheddar lkg Promo P 
CID 750G MIDDLE EAST Promo 
MLD SUPERLITE ONES 500G PRO 
CID CHED 24x250G Promo 
CID CHED 12X500G ARABIC Pro 

Form 

F027 4 
F0230 
F02 73 
F0275 
F0275 
F0230 
F0287 
F0274 
F0263 
F0263 
F0274 
F0289 
F0214H 
F0218 
F0220 
F0221 
F0223 
F0215 H 
F0215H 
F0220 
FOlllA 
F0208 
F0215 
F0208 
F0218 
F0223 
F0226 
F0214 
F0207 
F0214H 
F0279 
F0234 
F0236 
F0330 
F0282 
F023 
F0239 
F0251 
F0232 
FOll l 
F0233 
F024 4 
FOlll 
F0236 
F0234 
F0282 
F0219 
F0233 
F0284 
F0232 
F02 44 
F02 53 
F0330 
F0254 
F0239 
FOlll 
F0207 
F0263 
F02 15H 
F0215H 

Group 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B Flavour s 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS B Flavours 
IWS B Flavours 
IWS Cheddar 
IWS Cheddar 
IWS A Flavours 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS B Flavours 
IWS Cheddar 
IWS B Flavours 
IWS A Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Chedda r 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS B flavours 
IWS A flavours 
IWS Cheddar 
IWS Cheddar 
IWS A flavours 
IWS B flavours 
IWS Cheddar 
IWS Cheddar 
IWS A flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS A flavours 
IWS A Flavours 
IWS Cheddar 
IWS B flavours 
IWS B f lavours 
IWS A flavours 
IWS B flavours 
IWS B flavours 
IWS Cheddar 
IWS A Flavours 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 
IWS Cheddar 

Seq 
59 0 

50 
70 

620 
630 

60 
153 0 

570 
10 
20 

600 
1390 

220 
1080 
1330 
1480 
17 00 

640 
650 

1340 
500 

1550 
340 

1570 
1090 
1710 
1230 

210 
68 0 
230 
210 
970 
910 

1770 
1270 

990 
8 60 

1370 
1600 

750 
1120 

100 
770 
930 

1010 
1300 
1320 
1140 
1420 
1630 

12 0 
1740 
179 0 

55 2 
880 
820 
710 

30 
640 
650 

SPR 
135 
115 
125 
103 
120 
115 
108 
135 
11 5 
115 
135 
113 
120 
117 
117 
117 
117 
135 
130 
117 
125 
120 
100 

85 
110 
102 
105 
105 
104 
117 
136 
152 
137 
133 
136 
13 6 
129 
130 
130 
127 
143 
130 
136 
137 
137 
136 
136 
13 6 
135 
13 6 
130 
115 
115 
115 
129 
13 6 
119 
130 
134 
141 
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Weight 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 . 8 
6 
6 
6 
6 
6 
6 
6 . 8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

12 
6 . 8 
6 
6 
6 
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1.2 - Slice on Slice - List of Items 
Item No 
002970 
00 4312 
004751 
27260 
27266 
27271 
54321 
63792 
63793 
63797 
63798 
66920 
66930 
805950 
805970 
805990 
806070 
806080 
806350 
806380 
806390 
806400 
806440 
806480 
806490 
806540 
806850 
807230 
807430 
807490 
807610 
807690 
807870 
807950 
808040 
808050 
808210 
808220 
808410 

Item Description 
WENDYS 6X2 . 05KG 
BURGER KING 14xl.0845kg HILACT 
HIMELT 2 . 436KG 
MLD SANDWICH l . 2KG SOS 
MLD GRUYERE 12Xl . 2KG SOS 
MLD BURGER 12Xl . 2KG 
BURGER KING 6X2 . 05kg NZ 
WENDY ' S 990G LOCAL SOS 
KFC 12X990G LOCAL 
WENDYS 6X2 . 05kg LOCAL 
WENDYS SMOKED 6X2 . 05kg 
CHES CHEDDAR 12Xl . 2KG 
CHES HAMBURGER 12Xl . 2KG 
ANC CLRD 12Xl . 2 KG 
ANC CLRD 12Xl . 2KG SEA 
ANC PALE 12Xl . 2KG 
ANC PALE 12Xl . 2KG M. EAST SOS 
ANC PALE 12Xl . 2KG SEA 
ANC MOZZARELLA l . 2KG SOS 
AUSTRALIA 990G EXPORT 
BURGER KING 12X990G EXPORT SOS 
BURGER KING SWISS 990G EXP SOS 
MEIJI 12X900G 
ANC CLRD 12X990G TAIWAN 
ANC PALE 12X990G TAIWAN 
MCDONALDS 8x2 . 27KG SEA SOS 
MCDONALDS 8x2 . 27kg TAIWAN 
MLD 1 . 5KG 90X90MM AUST SOS 
GRAND CHOICE l . 5KG SOS 
BURGER KING 12X990G JAPAN 
BURG ER KING 12X990G M/EAST SOS 
HUNGRY JACK ' S CHIVES 2 . 2KG 
SUBWAY SWISS 990G EXP 
NO FRILLS lKG FRANKLINS 
BURGER KING 6X2 . 05kg 
BURGER KING PEPPER JACK 
WENDYS 6:<2 . 05kg 
WENDYS SMOKED 6X2 . 05kg 
ANC PALE 12:<1 . 2KG PACIFIC 

1.3 - Cheez Toyz/Bodz - List of Items 
Item No 
004319 
004326 
27200 
27205 
27 210 
807500 
807510 
807520 
807530 
807590 
807630 
807 640 
807650 
807730 
807740 
808250 

Item Description 
C/D C/TOYZ ANIMALZ 24xl40 S 
CID CHEEZ TOYZ ANIMALZ 14 0g 
MLD CHEEZ BODZ - FANTASY 
MLD CHEEZ BODZ - ADVENTURE 
MLD CHEEZ BODZ - LUNATIC 
CHES CHEEZ TOYZ 14 0 g SINGAPO 
CHES CHEEZ TOYZ 14 0g TAIWAN 
CHES CHEEZ TOYZ 14 0g MALAYSI 
CHES CHEEZ TOYZ 140g INDONES 
CHES CHEEZ TOYZ 40x140g TAIW 
ML D CHE EZ BODZ - FANTASY 
MLD CHEEZ BODZ - ADVENTURE 
MLD CH EEZ BODZ - LUNATIC 
CD CHEEZ TOYZ FANTASY SING 
CD CHEE Z TOYZ ADVENTURE SING 
CHEEZ TOYZ 140g CHILE 

Form 
F05 008 
F050 05 
F05 025 
F05010 
F05051 
F05012 
F05005 
F05070 
F05070 
F05008 
F05009 
F05010 
F05070 
F050 12 
F05012 
F05010 
F05010 
F05010 
F05073 
F05070 
F05003 
F05051 
F05014 
F05012 
F05010 
F05002 
F05002 
F05060 
F05060 
F05004 
F05003 
F05006 
F05051 
F05011 
F05005 
F05007 
F05008 
F05009 
F05010 

Form 
F0710 
F07 10 
F07 10 
F07 10 
F0 710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 
F0710 

Group 
Colour 1 . 2 kg 
Colour l . 2kg 
Hi - Melt 
Pale 1 . 2kg 
Pale Swiss/Moz 
Colour 1 . 2kg 
Colour l. 2kg 
Colour 990g 
Colour 990g 
Colour 1 . 2kg 
Flavour 2 . 05kg 
Pale l. 2kg 
Colour 1 . 2 kg 
Colour 1 . 2kg 
Colour l.2kg 
Pale 1. 2 kg 
Pale 1. 2 kg 
Pale 1 . 2kg 
Pale Swiss /Moz 
Colour 990g 
Colour 990g 
Pale Swiss/Moz 
Mei ji 900 g 
Colour 990g 
Pale 990 g 
McD ' s 2 . 27kg 
McD 's 2 . 27kg 
Pale 1 . 5kg 
Pale 1 . 5kg 
Colour 990g 
Colour 990g 
Flavour 2 . 0Skg 
Pale Swiss/Moz 
Pale l. 5kg 
Colour l . 2kg 
Flavour 2 . 0Skg 
Colour 1 . 2 kg 
Flavour 2 . 0Skg 
Pale 1 . 2kg 

Group 
RDS Toyz 
RDS Toyz 
RDS Bod z 
RDS Bodz 
RDS Bodz 
RDS Toyz 
RDS Toyz 
RDS Toyz 
RDS Toyz 
RDS Toyz 
RDS Bodz 
RDS Bodz 
RDS Bodz 
RDS Bodz 
RDS Bodz 
RDS Toyz 
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Seq 
221 
220 
164 
139 
169 
219 
229 
219 
239 
229 
300 
139 
219 
210 
210 
130 
130 
130 
150 
230 
240 
16 0 
200 
210 
130 
2 60 
260 

4 
100 
250 
240 
310 
160 
110 
~20 

320 
220 
300 
130 

SPR Weight 
73 12 . 3 
78 15 . 2 
36 14 . 6 
66 14 . 4 
51 14 . 4 
81 14 . 4 
78 13 
85 11.9 
91 11 . 9 
7 4 13 
48 13 
68 14 . 4 
68 14. 4 
90 14 . 4 
90 14 . 4 

102 14 . 4 
102 14 . 4 
102 14 . 4 

57 14 . 4 
90 11.9 
83 11.9 
62 11 . 9 
55 10 . 8 
91 11 . 9 
80 11 . 9 
84 18 . 2 
84 18 . 2 

104 12 
10 4 12 

92 11 . 9 
88 11 . 9 
54 13 . 2 
64 11 . 9 
63 12 
78 13 
30 13 . 2 
7 4 13 
85 13 
90 14 . 4 

Seq SPR Weight 
1 40 3 . 4 
2 40 3 . 4 
2 80 1 . 7 
3 80 1 . 7 
4 80 1.7 
1 40 3 . 4 
1 40 3 . 4 

40 3 . 4 
1 40 3 . 4 
1 24 5 . 6 
2 80 1. 7 
3 80 1.7 
4 80 1.7 
2 40 3 . 4 
3 40 3 . 4 
1 24 5 . 6 
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1.4 - Cheese Spreads - List of Items 
Item No 
004339 
12 200 
13200 
14 200 
77700 
77710 
77720 
806910 
807050 
807060 
31121 
31122 
31124 
31127 
31128 

Item Description 
CID CHEESE SPREAD 200G NZMP 
MLD FRENCH ONION 200G SPREAD 
MLD TASTY CHEESE SPREAD 200G 
MLD SMOKED 200G SPREAD 
KOROMIKO ONIO N SPRD 200G 
KOROMIKO SMOKE SPRD 200G 
KOROMIKO GARLIC SPRD 200G 
CID CHEESE SPRD 24X200G MALA 
CID CHEESE SPRD 24X200G TAIW 
CID CHEESE SPRD 2 4X 200G SING 
GLXY FRCH ONION SPRD 12Xl50G 
GLXY TAST Y SPRD 12Xl5 0G 
GLXY BLUE VEIN SPRD 12Xl50G 
GLXY SMOKD SPRD 12Xl50G 
GLXY HERB&GARLIC SPRD 12Xl50G 

1.5 - Packets (250g) - List of Items 
Item No 
637 60 
802190 
802770 
805100 
806830 
807030 

Item Description 
CID PACKET 24X2 5 0G LOCAL 
CID PACKET 2X24X250G PDP ON LY 
CID PACKET 2X24X250 NZMPP FIJI 
CID FIPACK 24X500G EXPORT 
C/D PACKETS 24X250G (MOD) 
CID PACKET 2X24X250G MOD 

1.6 - Blocks (20kg) - List of Items 
Item No 
001887 
002181 
11351 
803760 
807470 
807480 
807710 
807750 

Item Description 
KIWI FRUIT CREAM CHEESE 
DICEABLE CREAM CHEESE lx20KG 
K BASE 
NZ HI - MELT 21KG MOULD 
HI - MELT 21KG TAIWAN 
KFC-HI MELT LOGS 15XlKG 
NZ HI - MELT 21KG for GRATED 
PEPPER JACK BLOCK 

1. 7 - Blocks (2kg) - List of Items 
Item No 
63796 
802000 
802200 
80591 0 
80844 0 

Item Description 
HI - MELT 8X2 KG (ET ) 
ANC COLOURED BLOCK 6X2KG 
ANC HI-MELT 6X2KG 
ANC HI-MELT 6X2KG HI SORB 
ANC HI-MELT 6X2KG (M. EAST ) 

1.8 - Skins - List of Items 
Item No 
31310 
31312 
31313 
31314 
31315 
63795 
800460 
800480 
800500 
800510 
806720 
807120 

Item Description 
GLXY CRCKD PEPPER 2KG SKIN 
GLXY CHIVES 4X2KG 
GLXY SMOKY HAM 4X2KG 
GLXY SMOKD 4X2KG 
GLXY HERB & GARLIC 4X2KG 
HI - MELT SKINS 9Xl . 5KG (ET) 
MLD SMOKD 4X2KG 
MLD SMOKY HAM 4X2KG 
MLD CHIVES 4X2KG 
MLD HERB & GARLIC 4X2KG 
HIMELT ROUND CHUB 85MM 
HIMELT ROUND CHUB 75MM 

Form 
F0700 
F070 1 
F0700 
F0702 
F0701 
F070 4 
F0703 
F0711 
F07 l l 
F071 l 
F0413 
F0414 
F0410 
F0411 
F0420 

Form 
F0608 
F0608 
F0607 
F0608 
F0607 
F0607 

Form 
F0601 
F0600 
F0331 
F0320 
F0602 
F0320 
F0320 
F032 l 

Form 
F0602 
F060 6 
F0602 
F0603 
F0603 

Form 
F0303 
F0308 
F0310 
F0307 
F0302 
F0312 
F0307 
F0310 
F0308 
F0302 
F03 20 
F0320 

Group 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
RDS Spreads 
Vogele Spread 
Vogele Spread 
Vogele Spread 
Vogele Spread 
Vogele Spread 

Group 
Vogele Packet 
Vogele Packet 
Vogele Packe 
Vogele Packet 
Vogele Packet 
Vogele Packet 

Group 
Re itz 2lkg 
Reit: 2lkg 
Rei tz 21 kg 
Reitz 21 kg 
Reitz 2lkg 
Reitz 2lkg 
Reitz 2lkg 
Reit: 2lkg 

Group 
Reitz 2kg 
Reitz 2k g 
Reit z 2 kg 
Reitz 2 kg 
Reitz 2k g 

Group 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
Reitz Skin 
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Seq 
80 
30 
10 
20 

400 
22 

405 
0 
0 
0 

400 
200 
900 
300 

0 

SPR 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
80 
80 
60 
80 
80 

Weight 
4 . 8 
2 . 4 
2 . 4 
2 . 4 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
1 . 8 
1 . 8 
1. 8 
1. 8 
1 . 8 

Seq SPR Weight 
44 76 6 
43 38 12 
41 38 12 
46 25 12 
40 76 6 
40 38 12 

Seq SPR Weight 
21 30 20 
21 45 20 

102 900 
21 60 21 
21 60 21 
28 50 15 
21 60 21 
21 30 20 

Seq SPR Weight 
12 60 16 
31 90 12 
10 90 1 2 
10 90 12 
10 90 12 

Seq SPR Weight 
82 60 8 
72 60 

111 60 
62 60 

102 60 
27 45 13 . 5 
61 60 

111 60 8 
71 60 8 

101 60 8 
25 25 12 . B 

0 60 10 

92 



Appendix 

1.9 - Enzyme Modified Cheese - List of Items 
Item No Item DescriEtion Form GrouE Se51 SPR weiszht 
001306 EMC FOR EXPORT F0332 EMC 102 70 1 
001360 EMC FOR EXPORT F0332 EMC 102 70 20 
11360 ENZYME MODIFIED CHEESE (EMC) F0332 EMC 102 70 1 

1.10 - Pastes and Slurries - List of Items 
Item No Item DescriEtion Form GrouE Se51 SPR weiszht 
31601893 ROMANO CHEESE PASTE F0353 Key Slurries 0 65 20 
31611893 CHEDDAR ' A ' PASTE F0354 Key Slurries 0 65 20 
31614861 CHEDDAR , A , PASTE F0354 Key Slurries 0 65 10 
31621893 AMERICAN PASTE FOR EXPORT F0345 Key Slurries 0 65 20 
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Appendix 

Appendix 2 - SQL Statements of Constraints and Restrictions 

2. 1 - Specialty Processed Cheese Department SQL Statement 

SELECT DISTINCT qryBPCSFPOsl . FPROD AS ItemNo , tblScheduleitern . IternDescriptio 
n , CDate([qryBPCSFPOsl] . [Release]) AS Release , CDate([qryBPCSFPOsl] . [DueDate 
] ) AS DueDate , qryBPCSFPOsl . FQTY AS Qty , [DueDate] - 35 AS EarliestMake , IIf ( [ 
tblscheduleitern] . [Line] Is Null ," " , [ tblschedulei tern] . [Line J ) AS Line , I If ( [ t 
blGroupsl] . [Groupindex] Is Null , 99 , [tblGroupsl] . [Groupindex]) AS Groupindex , 

I If ( [ tblGroups 1 J • [ GroupNarne] Is Null , '"', [ tblGroups 1] . [ GroupNarne] ) AS GroupN 
arne , IIf ( [ tblSubGroupsl J . [SubGroupindex] Is Null , 199 , [ tblSubGroupsl J . [SubGro 
up Index]) AS SubGroupindex , II f ( [ tblSubGroupsl] . [ SubGroupNarne] Is Null ,"", [ t 
blSubGroupsl] . [SubGroupNarne]) AS SubGroupNarne , nz([SchShipDate] - 7 - IIf(Left([ 
ShipToNarne J , 8) = "Mainland ", 4 , I If (nz ([Consolidation] ,"" ) = " PFL ", 4 , 10) ) , [qryBPCS 
FPOsl] . [DueDate]) AS ManufDue , IIf([FQTY]/[SPR] Is Null , 0 , [FQTY]/[SPR]) AS I 
ternsVsQtyGroupQty , IIf([FQTY]*[CartonWeight] Is Null , O, [FQTY]*[CartonWeight] 
) AS IternsVsQtySubGroupQty , tblScheduleitern . Seq , IIf([IREF01]>= " 30 " And [IRE 
FOl J <> " 51 ", [Qty] /[SPR], 0) AS Constraintl , II f ( [ IREFOl] >= " 30 " And [ IREFOl] <= " 
34 ", [Qty]/[SPR] , 0) AS Constraint2 , IIf([IREF01]>= " 30 " And [IREF01]<= " 34 ", [Qt 
y] /[SPR] , 0) AS Constraint3 , IIf ( [ IREFOl] >= " 80 " And [ IREFOl J <= " 82 ", [Qty] I [SPR 
] , 0) AS Constraint4 , IIf([IREF01]>= " 70 " And [IREF01]<= " 72 ", [Qty]/[SPR],0) AS 
Constraints , IIf(([IREF01]>= " 60 " And [IREF01]<= " 62 " ) Or [IREF01]= " 73 ", [Qty] 

/[SPR],0) AS Constraint6 , IIf([IREF01]= " 61 " Or [IREF01]= " 73 ", IIf([cartonweig 
ht] >19 , [qty] , [cartonweigh ] *[qty] /20) , 0) AS Constraint7 , IIf ( [IREF01]= " 50 ", [ 
Qty]/[SPR] , O)+IIf([IREF01]= " 51 ", [Qty]*16/2200 , 0) AS Constraints , IIf([IREFOl 
]= " 51 ", [Qty] , 0) AS Constraint9 , 0 AS ConstraintlO , 0 AS Constraintll, 0 AS C 
onstraint12 , 0 AS Constraint13 , 0 AS Constraintl4 , 0 AS Constraint15 , 0 AS C 
onstraint16 , 0 AS Constraintl7 , 0 AS ConstraintlS , 0 AS Constraint19 , 0 AS C 
onstraint20 , qryBPCSFPOsl . FCLAS , qryBPCSFPOsl . FWHSE , qryBPCSFPOsl . FPBUYC , qr 
yBPCSFPOsl . Status FROM (tblSubGroupsl RIGHT JOIN (tblGroupsl RIGHT JOIN (qry 
BPCSFPOsl INNER JOIN tblScheduleitem ON qryBPCSFPOsl . FPROD = tblScheduletem . 
Item) ON tblGroupsl . Groupindex = tblScheduleitern . Groupindex) ON tblSubGroups 
l . SubGroupindex = tblScheduleitem . SubGroupindex) LEFT JOIN qryC stomerOrders 

ON (qryBPCSFPOsl . FPROD = qryCus ornerOrders . IternCode) AND (qryBPCSFPOsl . DueD 
ate = qryCustomerOrders . RequestedDate) WHERE ( ( (qryBPCSFPOsl . Status)<> " Del " 
And (qryBPCSFPOsl . Status)<> " New " ) AND ((IIf([Itern]= " lllll ", 1 , 0)+IIf([Itern]= " 
22 2 2 2 ", 1 , 0) +I If ( [Item J = " 3 333 3 ", 1 , 0) +I If ( [Item]= " 4 4 4 4 4 ", 1 , 0) +I If ( [Item J = " 5555 
5 ", 1 , 0) +II f ( [Item]= " 6 666 6", l , 0) +I If ( [Item]= " 7 7 7 77 ", 1 , 0) +I If ( [Item]= " 8 8 8 8 8 ", 1 
, 0) +II f ( [Item]= " 99999 ", 1 , 0)) =O) AND ( ( tblScheduleitern . SchedGroup) > " 20 " )) ORD 
ER BY CDate ( [qryBPCSFPOsl J . [Release]) , CDate ( [qryBPCSFPOsl] . [Due Date]) ; 
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2.2 - Individually Wrapped Slices Department SQL Statement 

SELECT DISTINCT qryBPCSFPOs2 . FPROD AS ItemNo , tblScheduleitem . ItemDescriptio 

n , CDate([qryBPCSFPOs2] . [Release]) AS Release , CDate([qryBPCSFPOs2] . [DueDate 

]) AS DueDate , [DueDate] - 35 AS EarliestMake , qryBPCSFPOs2 . FQTY AS Qty , IIf ([ 

tblscheduleitem] . [Line] Is Null, "", [tblscheduleitern] . [Line]) AS Line , IIf ( [t 

b1Groups2] . [Groupindex] Is Null , 99 , [tb1Groups2] . [Groupindex]) AS Groupindex , 

IIf ( [tb1Groups2] . [GroupNarne] Is Null ,"", [tb1Groups2] . [GroupNarne]) AS GroupN 

arne , IIf( [tblSubGroups2]. [SubGroupindex] Is Null , 199 , [tblSubGroups2] . [SubGro 

upindex]) AS SubGroupindex , I If ( [tblSubGroups 2] . [SubGroupName] Is Null ,"", [t 

b1SubGroups2] . [SubGroupNarne] ) AS SubGroupName , tblScheduleitem . Formulation A 

S Form , nz ( [SchShipDate] - 7 - IIf (Lef t ( [ShipToName] , 8) = "Mainland ", 4 , IIf (n z ([Con 

solidation] ,"" )= " PFL ", 4 , 10 )) , [DueDate]) AS ManufDue , IIf([FQTY]/[SPR] Is Nul 

1 , 0 , [FQTY]/[SPR]) AS ItemsVsQtyGroupQty , IIf([FQTY]*[CartonWeight] Is Null , 0 

, [FQTY]*[CartonWeight]) AS ItemsVsQtySubGroupQty , tblScheduleitem.Seq , IIf ([ 

IREFOl] <= " 30 " , [Qty]* [cartonweight] /10 , 0) AS Constraintl , IIf ([Fo rm] = " F0263 ", 

[Qty]*[cartonweight]/1000 , 0)+IIf( [Forn]= " F0230 ", [Qty]*[cartonweight]/1000 , 0)+ 

IIf([forrn]= " F0279 ", [Qty]*[cartonweight]/1000 , 0) AS Constraint2 , IIf([Forrn]= " 

F0264 ", [Qty]* [cartonweight] /1000 , 0) +IIf ( [Forrn]= " F0244 ", [Qty]* [cartonweight] I 
1000 , 0) +I If ( [form]= " FOl 98 " , [ ty] * [ cartonweight] /1000 , 0) +IIf ( [Form]= " F0214 ", [ 

Qty]* [cartonweight] /1000 , 0) +IIf ([Fo rm] = " F02 14H ", [Qty]* [cartonweight] /1000 , 0) 

+I If ( [Form]= " F0281 ", [Qty]* [cartonweight] /1000 , 0) +I If ( [Form] = " F0218 ", [Qty] * [ c 

artonweight] /1000 , 0) +I If ( [Form]= " F0233 ", [Qty]* [ cartonwe ight] I 1000 , 0) +I If ( [ Fo 

rm] = " f0286 ", [Qty]* [cartonweight] /1000 , 0) +IIf ([Form] = " F0238 ", [Qty]* [cartonwei 

gh t] /10 00 , 0) +II f ( [Form]= " F02 65 ", [Qty] * [ cartonwe igh t] /10 00 , 0) +I If ( [ Form]= " F02 

26 ", [Qty]* [ cartonweight] /1000 , 0) +I If ( [Form]= " f0282 ", [ ty] * [cartonweight] I 100 

0 , 0) +I If ( [Fo rm]= " f0219 ", [Qty]* [ cartonweight] /1000 , 0) + [TernpConstraint3] AS Co 

ns train t3 , I If ( [Form]= " F0220 " , [Qty] * [ cartonweight] I 1000 , 0) +II f ( [Form]= " F02 51 

", [Qty] * [cartonweight] /1000 , 0) +IIf ( [form]= " F0289 ", [ ty] * [ca rtonweight] /1000, 

0) +I If([Forrn] = " F0284 " , [ ty]~[cartonweight]/1000 , 0)+IIf([fo rrn ]= " F0221 " , [ ty]* 

[cartonweight] /1000 , 0) +IIf ([ Form] = " F0287 ", [Qty]* [cartonweight] /1000 , 0) +IIf ( [ 

form]= " F02 32 ", [Qty] * [ cartonwe igh t] I 10 0 0 , 0) +I If ( [ Form]= " F02 8 5 ", [Qty] * [ cartonw 

eight] /1000 , 0) +I If ( [Form]= " F022 3 ", [Qty] * [ca rtonweigh t] I 1000 , 0) +II f ( [Form]= " F 

0288 ", [Qty]* [cartonweight] /1000, 0) +I If ( [Form]= " F0253 ", [Qty]* [cartonweight] /1 

000 , 0) +IIf ( [Forrn]= " F033 0 ", [Qty]* [cartonweight] /1000 , 0) AS TernpConstraint3 , 0 

AS Constraint4 , 0 AS Constraints , 0 AS Constraint6 , 0 AS Constraint7 , 0 AS 

Constraints , 0 AS Constraint9 , 0 AS ConstraintlO , 0 AS Constraintll , 0 AS Co 

nstraintl2 , 0 AS Constraint13 , 0 AS Constraintl4 , 0 AS Constraintl5 , 0 AS Co 

nstraint16 , 0 AS Constraint17 , 0 AS ConstraintlB , 0 AS Constraintl9 , 0 AS Co 

nstraint20 , qryBPCSFPOs2 . fCLAS , qryBPCSFPOs2 . FWHSE , qryBPCSFPOs2 . FPBUYC , qry 

BPCSFPOs2 . Status FROM (tblSubGroups2 RIGHT JOIN (tb1Groups2 RIGHT JOIN (qryB 

PCSFPOs2 LEFT JOIN tblScheduleitern ON qryBPCSFPOs2 . FPROD = tblScheduleitem . I 

tern) ON tblGroups2 . Groupindex = tblScheduleitem . Groupindex) ON tblSubGroups2 

. SubGroupindex = tblScheduleitern . SubGroupindex) LEFT JOIN qryCustomerOrders 

ON (qryBPCSFPOs2 . FPROD = qryCustornerOrders . ItemCode) AND (qryBPCSFPOs2 . DueDa 

te = qryCustomerOrders . RequestedDate) WHERE (( (qryBPCSFPOs2 . Status)<> " New " A 

nd (qryBPCSFPOs2 . Status) <> " Del " ) AND ( (I If ( [Item]= " 11111 ", 1 , 0) +I If ( [Item] = " 2 

2222 ", 1 , 0) +II f ( [Item]= " 33333 ", 1 , O) +I If ( [Item]= " 4 4 4 4 4 ", 1 , 0) +I If ( [Item]= " 55555 

", l , O)+IIf([Item]= " 66666 ", l , O)+IIf([Item]= " 77777 ", 1 , 0)+IIf([Item]= " 88888 ", l , 

0) +I If ( [Item] =" 99999 ", 1 , 0) ) =O) AND ( ( tblScheduleitem . SchedGroup) < " 15 " ) ) ORDE 

R BY CDate([qryBPCSFPOs2] . [Release]) , CDate([qryBPCSFPOs2] . [DueDate]) ; 
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Appendix 

Appendix 3 - Trials 

3. 1 - Procedures for Trials 

3.1.1 - Procedure for Trials of Scheduling Strategies 

Sequence dependant set-ups are the most significant problem in scheduling 

at Pastoral Foods (NZ) Limited. [tis the most significant contributor to 

planned down time in the factories and it also has the greatest potential gain . 

There are man y possible schemes for reducing the effects of sequence 

dependant set-ups. A I ist of proposed strategies was prepared and the best 

technique was test for. To test which is the best strategy for reducing the 

effective changes in Total Make-span each strategy was programmed into a 

macro and the resulting schedule' s were anal ysed and compared. The list of 

proposed strategies is as follows .. 

• Due Date Sequence On ly 

• Batch Same Items 

• Batch Same Formulations 

• Batch Same Sizes 

• Batch Same Groups 

• Batch Same -odd Bair Groups 

• Batch Same Groups, Then Same Items 

• Batch Same Groups, Then Same Formulations 

• Batch Same Groups, Then Same Sizes 

• Batch Same 'Odd Ball ' Groups, Then Same Items 

• Batch Same 'Odd Ball ' Groups, Then Same Formulations 

• Batch Same 'Odd Ball ' Groups, Then Same Sizes 

The results of the trials of each of these strategies can be seen in Appendix 3.2. l to 

3.2.12. 
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Appendix 

3.1.2 - Procedure for Trials of Search Techniques 

Four basic types of scheduling search algorithms were created in this project. They 

were as follows ... 

Branch and Bound 

Random Pair-wise Swapping 

Tabu Search 

Combination Selected Group Complete Enumeration and Tabu Search 

Each trial used the same objective function and tried minimise it. The objective 

function used was as fo llows ... 

[Schedule lndex (in hours)] = 

[Total Make-span (in hours)] 

+ 6 (hours) * I ([Days order will be late]) 

+ 2 (hours) * I ( [Days of shipping buffer to be used] ) 

+ 1 (hours)* I ( [Penalty for 40% chance of missing an order]) 

+ 0.5 (hours)* I ( [Penalty for 30° o chance of missing an order] ) 

0.2 (hours)* I ( [Penalty for 20% chance of mi ssi ng an order] ) 

Each search technique was trialed and the results analysed for their effectiveness 

against the criteria chosen The results of these trials and the schedules created by 

them can be seen in Appendix 3.3. I to 3.3.-1 . 
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3.2 - Trials Results - Strategies Against Sequence Dependant Set-ups 

3.2.1 - Due Date Sequence Only 

Total Make-span = 478.36 
Item No 
807230 
807430 
66910 
66910 
805990 
806070 
806070 
806080 
806350 
805970 
805970 
805970 
805970 
806380 
806540 
739007 
806080 
806080 
805950 
805970 
806480 
63793 
806390 
806540 
806540 
806540 
806540 
739007 
807230 
807230 
807430 
272 60 
806080 
806490 
805950 
805950 
805950 
805970 
63792 
63793 
63793 
806380 
806540 
806540 
807230 
807230 
807430 
66910 
806080 
806480 
806480 
806480 
806380 
806390 
806540 
739007 
739007 
807430 
807430 
806380 
806380 
807490 

Item Description 
Mld l . 5kg 90x90mm Aust sos 
Grand Choice l.5kg SOS 
Anc Foods l . 2kg SOS 
Anc Foods l . 2kg SOS 
Anc Pale 12xl . 2kg SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg M. East 50j 
Anc Pale 12xl . 2kg Sea SOS 
Anc Mozzarella l . 2kg sos 
Anc Clrd 12xl.2kg Sea SOS 
Anc Clrd 12xl.2kg Sea sos 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Australia 990g Export SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Local SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl.2kg Sea SOS 
Anc Clrd 12x990g Taiwan sos 
KfC 12x990g Local SOS 

Qty 
2400 

200 
160 
200 
200 
500 
::5 
350 
200 

80 
40 

200 
200 
600 

1800 
2205 

120 
300 

1060 
100 

1200 
216 

Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust sos 2400 
Mld l . 5kg 90x90mm Aust SOS 1800 
Grand Choice l . 5kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg sos 200 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990g Local SOS 216 
Australia 990g Export sos 900 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea sos 900 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Grand Choice l . 5kg sos 200 
Anc Foods l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea sos 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan sos 1200 
Australia 990g Export SOS 600 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Grand Choice l.5kg sos 200 
Grand Choice l . 5kg SOS 200 
Australia 990g Export sos 900 
Australia 990g Export SOS 900 
Burger King 12x990g Japan SO 1160 

DueDate Seq 
9- 0ct 1 
9- 0ct 2 
9-0ct 3 

23 - 0ct 4 
16-0ct 5 

8- 0ct 6 
9- 0ct 7 
7 - 0ct 8 
9- 0ct 9 
6- 0ct 10 
7 - 0ct 11 
8 - 0ct 12 
9 - 0ct 13 
9 - 0ct 14 
9- 0ct 15 
9- 0c t 16 
9 - 0ct 17 

15-0ct 18 
16 - 0ct 19 
16 - 0ct 20 
16 - 0ct 21 

9 - 0ct 22 
16 - 0ct 23 
8-0ct 24 

14 - 0ct 25 
15 - 0ct 26 
16 - 0ct 27 
16-0ct 28 
23 - 0ct 29 

6-N ov 30 
23 - 0ct 31 
30 - 0ct 32 
16 - 0ct 33 
30 - 0ct 34 
15 - 0ct 35 
22 - 0c 36 
23 - 0ct 37 
13-Nov 38 
23 - 0ct 39 
23 - 0ct 40 

6 - Nov 41 
23 - 0ct 42 
22 - 0ct 43 
23 - 0ct 44 
20 - Nov 45 

4 - 0ec 46 
6 - Nov 47 
6- Nov 48 

13 - Nov 49 
29 - 0ct 50 
30 - 0ct 51 
13 - Nov 52 

6- Nov 53 
30 - 0ct 54 

6 - Nov 55 
28 - 0ct 56 
30 - 0ct 57 
20 - Nov 58 

4-Dec 59 
20 - Nov 60 

4-Dec 61 
13 - Nov 62 

Bucket Group Name 
1 sos Pale l . 5kg 
1 sos Pale l . 5kg 
1 SOS Pale l.2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 sos Pale l.2kg 
1 sos Pale l . 2kg 
1 sos Swiss/Moz 
1 SOS Colour l . 2kg 
1 sos Colour l.2kg 
1 SOS Colour l . 2kg 
1 SOS Colour l . 2kg 
1 sos Colour 990g 
1 SOS Colour 990g 

sos Colour 990g 
2 sos Pale l . 2kg 
2 SOS Pale l . 2kg 
2 SOS Colour l . 2kg 
2 sos Colour l.2kg 
2 SOS Colour 990g 
2 sos Colour 990g 
2 sos Colour 990g 
2 SOS Colour 990g 
2 sos Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 

SOS Colour 990g 
3 SOS Pale l . 5kg 
3 SOS Pale 1 . 5kg 
3 sos Pale l . 5kg 
3 SOS Pale 1 . 2kg 
3 sos Pale l . 2kg 
3 SOS Pale 990g 
3 SOS Colour l . 2kg 
3 sos Colour l . 2kg 
3 sos Colour l . 2kg 
3 SOS Colour l . 2kg 
3 SOS Colour 990g 
3 sos Colour 990g 
3 SOS Colour 990g 
3 SOS Colour 990g 
3 sos Colour 990g 
3 SOS Colour 990g 
4 SOS Pale l . 5kg 
4 SOS Pale l . 5kg 
4 SOS Pale l . 5kg 
4 SOS Pale l . 2kg 
4 SOS Pale l . 2kg 
4 SOS Colour 990g 
4 SOS Colour 990g 
4 SOS Colour 990g 
4 SOS Colour 990g 
4 sos Colour 990g 
4 SOS Colour 990g 

SOS Colour 990g 
SOS Colour 990g 

5 SOS Pale l . 5kg 
5 SOS Pale l . 5kg 
5 sos Colour 990g 
5 SOS Colour 990g 
5 sos Colour 990g 
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3.2.2 - Batch Same Items 
Total Make-span = 475.96 
Item No 
807230 
807230 
807230 
807430 
807430 
66910 
806070 
806070 
806080 
806080 
806080 
806080 
806080 
805970 
80 597 0 
8 0 597 0 
806540 
805990 
806350 
805950 
805950 
805970 
805970 
806480 
63793 
806380 
806380 
806380 
8 0 654 0 
739007 
806380 
806380 
806390 
806390 
806540 
806540 
806540 
80 654 0 
739007 
739007 
807430 
807430 
807430 
66910 
66910 
27260 
806490 
805950 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
806540 
806540 
739007 
807230 
807230 
807490 

Item Description Qty 
Mld l.5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l.5kg 90x90mm Aust SOS 1800 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 160 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl.2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea SOS 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl . 2kg Sea SOS 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
McDonalds 8x2 . 27kg Sea SOS 900 
Anc Pale 12xl.2kg sos 200 
Anc Mozzarella l . 2kg SOS 200 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl.2kg SOS 1060 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 100 
Anc Clrd 12x990g Taiwan SOS 1200 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 600 
Australia 990g Export SOS 900 
Australia 990g Export sos 600 
McDonalds 8x2.27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Local SOS 2205 
Australia 990g Export SOS 900 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 350 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2.27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Local sos 1035 
McDonalds 8x2 . 27kg Local SOS 1080 
Grand Choice 1.5kg sos 200 
Grand Choice l . 5kg SOS 200 
Grand Choice 1 . 5kg sos 200 
Anc Foods 1.2kg SOS 200 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l.2kg sos 200 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl.2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan SOS 1200 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local SOS 324 
KFC 12x990g Local sos 216 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld 1 . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Burger King 12x990g Japan SO 1160 

DueDate Seq 
9- 0ct 1 

23 - 0ct 2 
6- Nov 3 
9-0ct 4 

23 - 0ct 5 
9 - 0ct 6 
8 - 0ct 7 
9 - 0ct 
7-0ct 9 
9-0ct 10 

15 - 0ct 11 
16 - 0ct 12 
13-Nov 13 

6- 0ct 14 
7 - 0ct 15 
8- 0ct 16 
8-0ct 17 

16- 0ct 18 
9 - 0ct 19 

16-0ct 20 
16- 0ct 21 
9-0ct 22 

16 - 0ct 23 
16-0ct 24 
9-0ct 25 
9-0ct 26 

23 - 0ct 27 
6- Nov 28 
9-0ct 29 
9 - 0ct 30 

20 -Nov 31 
4-Dec 32 

16-0ct 33 
30 - 0ct 34 
14-0ct 35 
15 - 0ct 36 
16-0ct 37 
2'.'-0ct 38 
16 - 0ct 39 
23-0ct 40 

6-Nov 41 
20 -N ov 42 

4-Dec 43 
23 - 0ct 44 

6- Nov 45 
30-0ct 46 
30 - 0ct 47 
22-0ct 48 
23 - 0ct 49 
13 - Nov 50 
29-0ct 51 
30 - 0ct 52 
13 - Nov 53 
23 - 0ct 54 
23 - 0ct 55 

6- Nov 56 
23 - 0ct 57 

6- Nov 58 
30 - 0ct 59 
20-Nov 60 

4- Dec 61 
13 - Nov 62 

Bucket 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2 
2 

2 

2 

2 
2 

2 
2 

2 
2 

2 

2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 

Group Name 
sos Pale l . 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
sos Pale 1.2kg 
SOS Pale 1 . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l.2kg 
sos Colour 990g 
SOS Pale 1 . 2kg 
SOS Swiss/Moz 
SOS Colour l.2kg 
SOS Colour l.2kg 
sos Colour l.2kg 
sos Colour l.2kg 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale 1 . 5kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
SOS Pale 990g 
SOS Colour 1. 2 kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
SOS Pale l . 5kg 
SOS Colour 990g 
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3.2.3 - Batch Same Formulations 
Total Make-span = 476.22 
Item No 
807230 
807230 
807430 
807430 
66910 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
63793 
806380 
806540 
806540 
806540 
806540 
806540 
739007 
66910 
66910 
27260 
806490 
805950 
806390 
806390 
806540 
806540 
806540 
739007 
739007 
739007 
807230 
807430 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
806380 
806380 
806380 
806380 
807230 
807230 
807430 
807430 
807490 

Item Description Qty 
Mld l . 5kg 90x90rnm Aust SOS 2400 
Mld l . 5kg 90x90rnm Aust SOS 2400 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg sos 160 
Anc Pale 12xl . 2kg SOS 200 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl . 2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl.2kg Sea sos 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Mozzarella l . 2kg sos 200 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg sos 1060 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl.2kg Sea sos 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 100 
Anc Clrd 12x99 0g Taiwan SOS 1200 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 600 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
Anc Foods l . 2kg SOS 200 
Anc Foods l . 2kg sos 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg SOS 1050 
Burger King 12x990g Export S 350 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27k g Sea SOS 18 00 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1035 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90rnm Aust SOS 18 00 
Grand Choice l . 5kg SOS 200 
Anc Clrd 12xl.2kg sos 350 
Anc Clrd 12xl . 2kg Sea sos 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan SOS 1200 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 900 
Australia 990g Export SOS 600 
Australia 990g Export sos 900 
Australia 990g Export SOS 900 
Mld l . 5kg 90x90rnm Aust sos 1800 
Mld l . 5kg 90x90rnm Aust sos 1200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg sos 200 
Burger King 12x990g Japan SO 1160 

DueDate Seq 
9 - 0ct 1 

23 - 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
9 - 0ct 5 

16 - 0ct 6 
8 - 0ct 7 
9 - 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
16 - 0ct 12 
13 - Nov 13 

9- 0ct 14 
15 - 0ct 15 
16 - 0ct 16 

6- 0ct 17 
7 - 0ct 18 
8 - 0ct 19 
9 - 0ct 20 

16 - 0ct 21 
16 - 0ct 22 

9 - 0ct 23 
9 - 0ct 24 
8 - 0ct 25 
9 - 0ct 26 

14 - 0ct 27 
15-0ct 28 
16 - 0ct 29 

9 - 0ct 30 
23 - 0ct 31 

6- Nov 32 
30 - 0ct 33 
30 - 0ct 34 
22 - 0ct 35 
16 - 0ct 36 
30 - 0ct 37 
22 - 0ct 38 
23 - 0ct 39 

6 - Nov 40 
16 - 0ct 41 
28 - 0ct 42 
30 - 0ct 43 

6- Nov 44 
6 - Nov 45 

23 - 0ct 46 
13 - Nov 47 
29 - 0ct 48 
30 - 0ct 49 
13 - Nov 50 
23 - 0ct 51 
23 - 0ct 52 

6-N ov 53 
23 - 0ct 54 

6- Nov 55 
20 - Nov 56 

4- Dec 57 
20 -Nov 58 

4- Dec 59 
20 - Nov 60 

4- Dec 61 
13-Nov 62 

Bucket 
1 
1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

2 

2 

2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 

4 
4 
4 

5 
5 
5 
5 
5 

Group Name 
sos Pale l . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
sos Pale 1. 5kg 
SOS Pa le 1. 2 kg 
sos Pa le 1 . 2 kg 
SOS Pale l.2kg 
sos Pale 1. 2kg 
sos Pale l.2kg 
sos Pale l.2kg 
sos Pale l.2kg 
sos Pale l.2kg 
sos Pale l.2kg 
SOS Swiss/Moz 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l.2kg 
SOS Colour 990g 
sos Colour 99 0g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Pale 1 . 2kg 
sos Pale 1. 2kg 
SOS Pale 1. 2kg 
sos Pale 990g 
SOS Colour l. 2kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pale 1. 5kg 
SOS Pale 1.5kg 
sos Pale 1 . 5kg 
SOS Pale 1 . 5kg 
SOS Colour 990g 
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3.2.4 - Batch Same Sizes 
Total Make-span = 4 73 . 99 
Item No 
807430 
66910 
66910 
27260 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
8 0 638 0 
63793 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
8 0 654 0 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
807430 
807430 
66910 
8 0 608 0 
806490 
805950 
805950 
8 0 597 0 
806480 
806480 
806 480 
63792 
63793 
63793 
806380 
80 638 0 
806380 
806380 
806390 
807 490 

Item Description Qty 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 160 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l . 2kg sos 200 
Anc Pale 12xl . 2kg SOS 200 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl . 2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea SOS 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Mo:zarella l . 2kg SOS 200 
Anc Clrd 12xl . 2kg SOS 1060 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl . 2kg Sea sos 40 
Anc Clrd 12xl . 2kg Sea sos 200 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea sos 100 
Anc Clrd 12x990g Taiwan SOS 1200 
Australia 990g Export SOS 600 
KFC 12x990g Local SOS 216 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aust sos 180 0 
Grand Choice l . 5kg SOS 200 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust SOS 1200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg SOS 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan sos 1200 
Anc Clrd 12x990g Taiwa n SOS 1200 
We ndy ' s 990 g Loca l sos 216 
KFC 12x990g Local SOS 324 
KFC 12x990g Local sos 216 
Austra lia 990 g Exp o rt SOS 900 
Australi a 990 g Export sos 600 
Austra lia 990g Ex port SOS 900 
Australia 990 g Ex po r t sos 900 
Burger King 12x 990 g Export S 2 40 
Burger King 12x990 g Japa n SO 11 60 

DueDate Seq 
9- 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
30 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9- 0ct 8 
7 - 0ct 9 
9- 0ct 10 

15 - 0ct 11 
16 - 0ct 12 

9 - 0ct 13 
16 - 0ct 14 
15 - 0ct 15 

6- 0ct 16 
7 - 0ct 17 
8 - 0ct 18 
9 - 0ct 19 

16 - 0ct 20 
16 - 0ct 21 

9- 0ct 22 
9- 0ct 23 

16 - 0ct 24 
9 - 0ct 25 
8 - 0ct 26 

14 - 0ct 27 
15 - 0ct: 28 
16 - 0ct 29 

9 - 0ct 30 
16- 0ct 31 
23 - 0ct 32 

6- Nov 33 
23 - 0ct 34 
22 - 0ct 35 
23 - 0ct: 36 

6- Nov 37 
28 - 0ct 38 
30 - 0ct 39 
20 - Nov 40 

4 - Dec 41 
6- Nov 42 

20 - Nov 43 
4- Dec 44 
6- Nov 45 

13 - Nov 46 
30 - 0ct 47 
22 - 0ct 4 8 
23 - 0ct 49 
13 - Nov 50 
29 - 0ct 51 
30 - 0ct 52 
13-N ov 53 
23 - 0ct 54 
23 - 0ct 55 

6-N ov 56 
23 - 0ct 57 

6- Nov 58 
20 - Nov 59 

4- De c 60 
30 - 0ct 61 
13 -N ov 62 

Bucket 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 

Group Name 
SOS Pale l . 5kg 
SOS Pale l . 2kg 
SOS Pale l.2kg 
SOS Pale 1. 2 kg 
sos Pale 1.2kg 
sos Pale l.2kg 
SOS Pale 1. 2 kg 
SOS Pale l.2kg 
SOS Pale l.2kg 
sos Pale 1. 2 kg 
sos Pale l . 2kg 
SOS Swiss/Moz 
SOS Colour l . 2kg 
sos Colour l . 2kg 
sos Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
SOS Pale l.5kg 
sos Pale l . 5kg 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
sos Pale l . 5kg 
sos Pale l . 2kg 
SOS Pale l.2kg 
sos Pale 990g 
SOS Colou r l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colou r 990g 
sos Colo u r 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colo u r 990g 
sos Colour 990 g 
SOS Colou r 990g 
sos Colour 990 g 
SOS Colour 990 g 
sos Colour 990 g 
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3.2.5 - Batch Same Groups 
Total Make-span = 474.52 
Item No 
807230 
807430 
669 10 
66910 
27260 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
806380 
63793 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
8065 40 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
807430 
807430 
66910 
806080 
806490 
805950 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
806380 
806380 
806380 
806380 
806390 
807490 

Item Description Qty 
Mld 1 . 5kg 90x90mm Aust SOS 2400 
Grand Choice 1 . 5kg SOS 200 
Anc Foods 1.2kg sos 160 
Anc Foods 1 . 2kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12xl . 2k g SOS 200 
Anc Pale 12xl . 2kg M. East sos 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl . 2kg Sea sos 350 
Anc Pale 12xl . 2kg Sea SOS 12 0 
Anc Pale 12xl . 2kg Sea SOS 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Mozzarella 1 . 2kg SOS 200 
Anc Clrd 12xl . 2kg SOS 106 0 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl . 2k g Sea sos 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Cl r d 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea sos 100 
Anc Clrd 12x990g Taiwan SOS 120 0 
Australia 990g Export sos 600 
KFC 12x990g Local SOS 216 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea sos 1800 
McDonalds 8x2 . 27k g Sea SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27k g Sea SOS 900 
McDonalds 8x2 . 27k g Local sos 2205 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aust sos 1800 
Grand Choice l . 5kg SOS 200 
McDonalds 8x2 . 27k g Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27k g Local SOS 1035 
Mld 1 . 5kg 90x90mm Aust sos 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Grand Choice 1 . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods 1 . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12x990g Taiwan SOS 24 0 
Anc Cl rd 12xl . 2kg sos 1050 
Anc Clrd 12x l . 2kg SOS 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan sos 240 
Anc Clrd 12x990 g Taiwan SOS 120 0 
Anc Clrd 12x990g Taiwan sos 120 0 
Wendy ' s 990g Local SOS 216 
KFC 12x990 g Local sos 324 
KFC 12x990 g Local SOS 216 
Australia 990g Export SOS 900 
Australia 990g Export SOS 600 
Australia 990g Export SOS 900 
Australia 990g Export sos 90 0 
Burger King 12x990g Export S 240 
Burger King 12x990g Jap a n SO 1160 

DueDate Seq 
9 - 0ct 1 
9 - 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
30 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9 - 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
16 - 0ct 12 

9 - 0ct 13 
16 - 0ct 14 
15 - 0ct 15 

6 - 0ct 16 
7 - 0ct 1 7 
8 - 0ct 18 
9 - 0ct 19 

16 - 0ct 20 
16 - 0ct 21 

9 - 0ct 22 
9 - 0ct 23 

16 - 0ct 24 
9 - 0ct 25 
8 - 0ct 26 

14 - 0ct 27 
15 - 0ct 28 
16 - 0ct 29 

9 - 0ct 30 
16 - 0ct 31 
23 - 0ct 32 

6 - Nov 33 
23 - 0ct 34 
22 - 0ct 35 
23 - 0ct 36 

6 - Nov 37 
28 - 0ct 38 
30 - 0ct 39 
20 - Nov 40 

4 - Dec 41 
6 -Nov 42 

20 - Nov 43 
4 - Dec 44 
6 - Nov 45 

13 - Nov 46 
30 - 0ct 47 
22 - 0ct 48 
23 - 0ct 49 
13 - Nov 50 
29 - 0ct 51 
30 - 0ct 52 
13 - Nov 53 
23 - 0ct 54 
23 - 0ct 55 

6 - Nov 56 
23 - 0ct 57 

6 - Nov 58 
20 - Nov 59 

4 - Dec 60 
30 - 0ct 61 
13 - Nov 62 

Bucket 
1 
1 

1 
1 

1 

1 
1 
1 

1 
1 
1 
1 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
5 
5 
5 
5 

Group Name 
sos Pale 1 . 5kg 
SOS Pale 1 . 5kg 
SOS Pale 1 . 2kg 
sos Pale 1. 2 kg 
SOS Pale 1 . 2kg 
SOS Pale 1. 2kg 
SOS Pale 1. 2 kg 
sos Pale 1.2kg 
SOS Pa le 1 . 2 kg 
sos Pale l . 2kg 
SOS Pale 1 . 2 kg 
SOS Pale l . 2kg 
sos Swiss/Moz 
SOS Colour 1 . 2kg 
sos Colour l . 2kg 
SOS Colour 1 . 2kg 
SOS Colour l . Zkg 
SOS Colour 1 . 2kg 
SOS Colour 1 . 2kg 
SOS Colour 1 . Zk g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pale 1 . 5kg 
SOS Pale 1. 5kg 
SOS Pale 1 . 5kg 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Pale l . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1.5kg 
SOS Pale 1 . 5kg 
SOS Pale 1.5kg 
sos Pale 1.2kg 
SOS Pale 1.2kg 
SOS Pale 990g 
SOS Colour 1 . 2kg 
SOS Colour 1. 2k g 
SOS Colour 1.2kg 
SOS Colour 990 g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
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3.2.6 - Batch Same Odd Ball Groups 
Total Make-span = 474.71 
Item No 
807230 
807230 
807430 
66910 
66910 
805990 
806070 
806070 
806080 
806080 
806080 
80 6350 
805950 
805970 
805970 
805970 
805970 
805970 
806380 
806480 
63793 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
27260 
806080 
806490 
805950 
805950 
805950 
805970 
637 92 
63793 
63793 
8 0 638 0 
739007 
66910 
806080 
806480 
806480 
806480 
806380 
806380 
806390 
806540 
806540 
806540 
80 638 0 
807490 
739007 
739007 

Item Description 
Mld l . 5kg 90x90mrn Aust sos 
Mld l . 5kg 90x90mrn Aust sos 
Grand Choice l . 5kg SOS 
Anc Foods l. 2kg SOS 
Anc Foods l . 2kg SOS 
Anc Pale 12xl . 2kg SOS 
Anc Pale 12xl . 2kg M.East SOS 
Anc Pale 12xl . 2kg M. East SOS 
An c Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
An c Pale 12xl . 2kg Sea sos 
Anc Mozzarella l . 2kg SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea sos 
Anc Clrd 12xl . 2kg Sea sos 
Anc Clrd 12xl . Zkg Sea sos 
Australia 990g Export sos 
Anc Clrd 12x990g Taiwan sos 
KFC 12x990g Local SOS 
Burger King 12x990g Export S 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . '.'7kg Sea SOS 
McDonalds 8x2 . 27kg Sea sos 
McDonalds 8x2 . 27kg Sea SOS 

Qty 
2400 
1800 

200 
160 
200 
200 
500 
125 
350 
120 
300 
200 

10 60 
80 
40 

200 
200 
100 
600 

1200 
216 
350 

1800 
900 
900 
900 

McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
Mld l . 5kg 90x90mrn Aust SOS Z400 
Mld l . 5kg 90x90mrn Aust sos 1800 
Mld l . 5kg 90x90mrn Aus SOS 1200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS ZOO 
Mld Sandwich l . 2kg SOS ZOO 
Anc Pale 1Zxl . 2kg Sea SOS 220 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd lZxl . Zkg sos 200 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg SOS 350 
Anc Clrd 1Zxl . 2kg Sea SOS 12 0 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990g Local SOS 216 
Australia 990g Export sos 900 
McDonalds 8x2 . 27k g Local SOS 1035 
Anc Foods l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea sos 120 
Anc Clrd 12x99 0g Taiwan SOS 240 
Anc Clrd 12x990 g Taiwan sos 12 00 
Anc Clrd 12x99 0g Taiwan SOS 12 00 
Australia 990g Export sos 600 
Australia 990g Export SOS 9 00 
Burger King 12x99 0g Export S 240 
McDonalds 8x2 . 27kg Sea SOS 18 00 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
Australia 990g Export sos 900 
Burger King 12x990g Japan SO 1160 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 

DueDate Seq 
9- 0ct 1 
6- Nov 2 
9 - 0ct 3 
9 - 0ct 4 

23 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9- 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
9 - 0ct 12 

16 - 0ct 13 
6- 0ct 14 
7 - 0ct 15 
8 - 0ct 16 
9 - 0ct 17 

16-0ct 18 
9 - 0ct 19 

16 - 0ct 20 
9 - 0ct 21 

16 - 0ct 22 
9 - 0ct 23 
8 - 0c 24 

14 - 0ct 25 
15 - 0ct 26 
16 - 0ct 27 

9 - 0ct: 28 
23 - 0ct 29 
20 - Nov 30 

4 - Dec 31 
6- Nov 32 

23 - 0ct 33 
'.'0 - Nov 34 

4 - Dec 35 
30 - 0ct 36 
16- 0ct 37 
30 - 0ct 38 
15 - 0ct 39 
22 - 0ct 40 
23 - 0ct 41 
13 - Nov 42 
23 - 0ct 43 
23 - 0ct 44 

6 - Nov 45 
23 - 0ct 4 6 
16- 0ct 47 

6- Nov 48 
13 - Nov 49 
29 - 0ct 50 
30 - 0ct 51 
13 - Nov 52 

6- Nov 53 
20 - Nov 54 
30 - 0ct 55 
22 - 0ct 56 
23 - 0ct 57 

6- Nov 58 
4- Dec 59 

13 - Nov 60 
28 - 0ct 61 
30 - 0ct 62 

Bucket 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
2 

2 

2 
2 

2 

2 

2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
5 
5 
5 

Group Name 
SOS Pale 1. 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
sos Pale l . 2kg 
SOS Pale l. 2kg 
SOS Pale l.2kg 
SOS Pale l . 2kg 
sos Pale l.2kg 
SOS Pale l . 2kg 
sos Pale l. 2kg 
SOS Pale l . 2kg 
SOS Swiss/Moz 
sos Colour l . 2kg 
SOS Colour l.2kg 
sos Colour l.2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 99 0g 
sos Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
SOS Pale 1 . Skg 
SOS Pale 1. Skg 
SOS Pale 1. Skg 
SOS Pale 1. 5kg 
SOS Pale l . Skg 
sos Pale l . Skg 
SOS Pale 1. Zkg 
SOS Pale l . '.'kg 
sos Pale 990g 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l.2kg 
sos Colour l. 2kg 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Pale l.2kg 
SOS Pale l.2kg 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 99 0g 
SOS Colour 990g 
sos Colour 99 0g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
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3.2. 7 - Batch Same Groups, Then Same Items 
Total Make-span = 474.52 
Item No 
807230 
807230 
807430 
66910 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805970 
805970 
805970 
805970 
63793 
806380 
806540 
805950 
805970 
806480 
806390 
806540 
806540 
806540 
806540 
739007 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
66910 
66910 
27260 
805950 
805950 
806480 
637 92 
63793 
806380 
806390 
739007 
806080 
806490 
805950 
805970 
806480 
806480 
63793 
806380 
807490 
806540 
806540 
739007 
80 638 0 
80 638 0 
806540 
739007 

Item Description 
Mld 1 . 5kg 90x90mm Aust sos 
Mld 1 . 5kg 90x90mm Aust SOS 
Grand Choice l . 5kg SOS 
Anc Foods l . 2kg SOS 
Anc Pale 12xl . 2kg SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Mozzarella 1 . 2k g SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
KFC 12x990g Local sos 
Australia 990g Export SOS 
McDonalds 8x2 . 27kg Sea SOS 
Anc Clrd 12 xl . 2kg sos 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12x990g Taiwan SOS 
Burger King 12x990g Export S 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Local SOS 
Mld 1 . 5kg 90x90mm Aust SOS 
Mld 1.5kg 90x90mm Aust SOS 
Mld l.5kg 90x90mm Aust SOS 
Grand Choice l . 5kg SOS 
Grand Choice 1 . 5kg SOS 
Grand Choice l . 5kg SOS 
Grand Choice l . 5kg SOS 
Anc foods 1 . 2kg SOS 
Anc foods l . 2kg SOS 
Mld Sandwich l . 2kg SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg SOS 

Qty 
2400 
2400 

200 
16 0 
200 
500 
125 
350 
120 
300 
220 
200 

80 
40 

200 
200 
216 
600 
900 

1060 
100 

1200 
350 

1800 
900 
900 
900 

2205 
1800 
1 800 
1200 

200 
200 
200 
200 
200 
200 
200 

1050 
350 

Anc Clrd 12x990g Taiwan SOS 240 
Wend y ' s 990g Local sos 216 
KfC 12x990g Local SOS 324 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Local SOS 1035 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12x99 0g Taiwan SOS 240 
Anc Clrd 12xl . 2kg sos 200 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x99 0g Taiwan SOS 120 0 
Anc Clrd 12x990g Taiwan SOS 1200 
KFC 12x990g Local sos 216 
Australia 990g Export SOS 600 
Burger King 12x990g Japan SO 1160 
McDonalds 8x2 . 27kg Se a SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
Australia 990g Export sos 900 
Au s tralia 990g Expo r t SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
Mc Do nalds 8x2 . 27kg Local SOS 1035 

DueDate Seq 
9- 0ct 1 

23 - 0ct 2 
9 - 0ct 3 
9 - 0ct 4 

16 - 0ct 5 
8 - 0ct 6 
9 - 0ct 7 
7 - 0ct 8 
9 - 0ct 9 

15 - 0ct 10 
16- 0ct 11 

9- 0ct 12 
6- 0ct 13 
7 - 0ct 14 
8 - 0ct 15 
9 - 0ct 16 
9 - 0ct 17 
9 - 0ct 18 
8 - 0ct 19 

16 - 0ct 20 
16 - 0ct 21 
16 - 0ct 22 
16 - 0ct 23 

9 - 0ct 24 
14 - 0ct 25 
15 - 0ct 26 
16 - 0ct 27 

9 - 0ct 28 
6 - Nov 29 

20 - Nov 30 
4- Dec 31 

23 - 0ct 32 
6 - Nov 33 

20 - Nov 34 
4- Dec 35 

23 - 0ct 36 
6 - Nov 37 

30 - 0ct 38 
22 - 0ct 39 
23 - 0ct 40 
29 - 0ct 41 
23 - 0ct 42 
23 - 0ct 43 
23 - 0ct 44 
30 - 0ct 45 
16 - 0ct 4 6 
13 - Nov 47 
30 - 0ct 48 
16 - 0ct 49 
13 - Nov 50 
30 - 0ct 51 
13 - Nov 52 

6 - Nov 53 
6 - Nov 54 

13 - Nov 55 
22 - 0ct 56 
23 - 0ct 57 
23 - 0ct 58 
20 - Nov 59 

4- Dec 60 
6- Nov 61 

30 - 0ct 62 

Bucket 

1 
1 

1 
1 
2 
2 
2 
2 

2 

2 

2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
5 
5 
5 
5 

Group Name 
SOS Pale 1 . 5kg 
SOS Pale l . 5kg 
SOS Pale 1 . 5kg 
SOS Pale 1 . 2kg 
sos Pale l. 2kg 
sos Pale l . 2kg 
SOS Pale 1 . 2kg 
SOS Pale 1 . 2 kg 
SOS Pale l.2kg 
SOS Pale l . 2kg 
sos Pale 1. 2kg 
SOS Swiss/Moz 
SOS Colou r 1 . 2kg 
sos Colour 1 . 2kg 
SOS Colour 1 . 2kg 
sos Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colou r 1 . 2kg 
sos Colou r l . 2kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
SOS Pale 1 . 5kg 
SOS Pale 1 . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale l.2kg 
SOS Pale l. 2kg 
sos Pale l.2kg 
SOS Colour 1 . 2kg 
sos Colour l.2kg 
SOS Colou r 990g 
SOS Colou r 990g 
sos Colour 990g 
SOS Colou r 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pale l.2kg 
sos Pale 99 0g 
SOS Colour l. 2 kg 
SOS Colour 1 . 2k g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
sos Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colo ur 990g 
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3.2.8 - Batch Same Groups, Then Same Formulations 
Total Make-span = 474.76 
Item No Item Description Qty DueDate Seq Bucket 
807230 
807230 
807430 
66910 
66910 
27 2 60 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806080 
806350 
806490 
805950 
805970 
805970 
8 0 5 97 0 
805970 
805970 
806480 
637 93 
806380 
806390 
806540 
806540 
8 0 654 0 
806540 
806540 
739007 
807230 
807230 
807230 
807430 
805950 
805950 
805950 
805970 
806480 
806480 
739007 
807430 
807430 
807430 
66910 
806480 
63 792 
63793 
63793 
8 0 638 0 
8 0 638 0 
8 0 6390 
806540 
806540 
806540 
739007 
8 0 638 0 
8 0 638 0 
807490 
739007 

Mld l . 5kg 90x90mm Aust sos 
Mld l . 5kg 90x90mm Aust SOS 
Grand Choice l . 5kg sos 
Anc Foods l . 2kg SOS 
Anc Foods l.2kg sos 
Mld Sandwich l.2kg SOS 
Anc Pa le 12xl . 2k g sos 
Anc Pale 12xl . 2k g M. East SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2 kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2k g Sea SOS 
Anc Mozzarella l . 2kg SOS 
Anc Pale 12x990g Taiwan SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl.2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea sos 
Anc Clrd 12x990g Taiwan SOS 
KFC 12x990g Local sos 
Australia 990g Export SOS 
Burger King 12x990g Export S 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 

2 400 
1800 

200 
160 
200 
200 
200 
500 
125 
350 
120 
300 
220 
120 
200 
240 

1060 
80 
40 

200 
200 
100 

1200 
216 
600 
350 

1800 
900 
900 
900 

McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 22 05 
Mld l . 5kg 90x90mm Aust sos 24 00 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Grand Choice l . 5kg SOS 200 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
McDonalds 8x2 . 27kg Local SOS 1035 
Grand Choice l . Skg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2 kg SOS 200 
Anc Clrd 12x990g Taiwan SOS 1200 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local SOS 324 
KFC 12x99 0 g Local sos 216 
Australia 990g Expo rt SOS 900 
Australia 990g Export sos 600 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Sea sos 18 00 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Local SOS 1080 
Aust r alia 990g Export SOS 900 
Australia 990g Export SOS 900 
Burger King 12x990g Japan SO 1160 
McDonalds 8x2 . 27kg Local sos 1035 

9 - 0ct 1 
6- Nov 2 
9 - 0ct 3 
9 - 0ct 4 

23 - 0ct 5 
30 - 0ct 6 
16-0ct 7 

8 - 0ct 8 
9 - 0ct 9 
7 - 0ct 10 
9 - 0ct 11 

15 - 0ct 12 
16- 0c t 13 
13 - Nov 14 

9 - 0ct 15 
30 - 0ct 16 
16 - 0ct 17 

6- 0ct 18 
7 - 0ct 19 
8 - 0ct 20 
9 - 0ct 21 

16-0ct 22 
16 - 0ct 23 

9 - 0ct 24 
9- 0ct 25 

16 - 0ct 26 
9 - 0ct 27 
8 - 0ct 28 

14 - 0ct 29 
15 - 0ct 30 
16 - 0ct 31 

9 - 0ct 32 
23 - 0ct 33 
20 - Nov 34 

4 - Dec 35 
23 - 0ct 36 
15 - 0ct 37 
22 - 0ct 38 
23 - 0ct 39 
13 - Nov 40 
29 - 0ct 41 
30 - 0ct 42 
16 - 0ct 43 

6- Nov 44 
20 - Nov 45 

4-Dec 4 6 
6- Nov 47 

13 - Nov 4 8 
23 - 0ct 49 
23 - 0ct 50 

6 - Nov 51 
23 - 0c t 52 

6- Nov 53 
30 - 0ct 54 
22 - 0ct 55 
23 - 0ct 56 

6- Nov 57 
28 - 0ct 58 
20 - Nov 59 

4 - Dec 60 
13 -Nov 61 
30 - 0ct 62 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
2 
2 
2 
2 
2 

2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
5 
5 
5 

Group Name 
SOS Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l. 2kg 
sos Pale 1 . 2kg 
SOS Pale l. 2kg 
SOS Pale l. 2 kg 
SOS Pale l . 2kg 
sos Pale l.2kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
sos Pale l. 2kg 
SOS Pale l.2kg 
SOS Swiss/Moz 
SOS Pale 990g 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
sos Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale 1 . 5kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale l. 2kg 
SOS Colour 990g 
SOS Colour 990g 
sos Colou r 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
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3.2.9 - Batch Same Groups, Then Same Sizes 
Total Make-span = 474.69 
Item No 
807230 
807230 
807430 
66910 
66910 
805990 
806070 
806070 
806080 
806080 
806080 
806350 
805950 
805970 
805970 
805970 
805970 
805970 
806380 
806480 
63793 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
~7260 

806080 
806490 
805950 
805950 
805950 
805970 
63792 
63793 
63793 
806380 
739007 
66910 
806080 
806480 
806480 
806480 
806380 
806380 
806380 
806390 
806540 
806540 
806540 
807490 
739007 
739007 

I tem Descri p tion 
Mld l . 5kg 90x90mm Aust sos 
Mld l . 5kg 90x90mm Aust sos 
Grand Choice l . 5kg SOS 
Anc Foods l . 2kg sos 
Anc Foods l . 2kg SOS 
Anc Pa le 12xl . 2kg sos 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg M. East sos 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Mozzarella l . 2kg SOS 
Anc Clrd 12xl . 2kg sos 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12x l . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Australia 990g Export SOS 
Anc Clrd 12x990g Taiwan SOS 
KFC 12x99 0g Local SOS 
Burger King 12x990 g Export S 
McDonalds 8x2 . 27kg Sea sos 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27k g Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Local SOS 
Mld l . 5kg 90x90mm Aust sos 
Mld l . 5kg 90x90mm Aust SOS 
Mld 1 . 5kg 90:<90mm Aust SOS 
Grand Choice l . 5kg SOS 
Grand Choice l . 5kg sos 
Grand Choice l . 5kg SOS 
Grand Choice l . 5kg SOS 
Mld Sandwich l . 2kg SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12x990g Taiwan SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg sos 
Anc Clrd 12xl . 2k g SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Wendy ' s 990g Local SOS 
KFC 12x990g Local SOS 
KFC 12x990g Local sos 
Australia 990g Export SOS 
McDonalds 8x2 . 27kg Local SOS 
Anc Foods l . 2k g SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Clrd 12x990g Taiwan SOS 
Anc Clrd 12x990g Taiwan SOS 
Anc Clrd 1 2x990 g Taiwan SOS 
Australia 990g Export SOS 
Australia 990g Export sos 
Australia 990g Expo rt SOS 
Burger King 12x990 g Export S 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
Burger King 12x990g Japan SO 
McDonalds 8x2 . 27kg Local SOS 
McDonalds 8x2 . 27kg Local sos 

Qty 
2400 
1800 

200 
160 
200 
200 
500 
125 
350 
12 0 
300 
200 

10 60 
80 
40 

200 
200 
1 00 
600 

1200 
216 
35 0 

18 00 
900 
900 
900 
900 

2205 
2400 
1800 
1200 

200 
200 
200 
200 
200 
220 
240 
200 

1050 
350 
120 
216 
324 
216 
900 

1035 
200 
120 
240 

1200 
12 00 

60 0 
900 
900 
240 

18 00 
9 00 
900 

1160 
1 080 
1035 

DueDate Seq 
9- 0ct 1 
6- Nov 2 
9 - 0ct 3 
9 - 0ct 4 

23 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9 - 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
9 - 0ct 12 

16 - 0ct 13 
6- 0ct 14 
7 - 0ct 15 
8 - 0ct 16 
9 - 0ct 17 

16 - 0ct 18 
9 - 0ct 19 

16 - 0ct 20 
9 - 0ct 21 

16 - 0ct 22 
9 - 0ct 23 
8 - 0ct 24 

14 - 0ct 25 
15 - 0ct 26 
16- 0ct 27 

9 - 0ct 28 
23 - 0ct 29 
20 - Nov 30 

4 - Dec 31 
6 - Nov 32 

23 - 0ct 33 
20 - Nov 34 

4 - Dec 35 
30 - 0ct 36 
16 - 0ct 37 
30 - 0ct 38 
15 - 0ct 39 
22 - 0ct 40 
23 - 0ct 41 
13 - Nov 42 
23 - 0c 43 
23 - 0ct 44 

6- Nov 45 
23 - 0ct 46 
16 - 0ct 47 

6-N ov 48 
13 - Nov 49 
29 - 0ct 5 0 
30 - 0ct 51 
13 - Nov 5 2 

6-Nov 53 
20 - Nov 54 

4-Dec 55 
30 - 0ct 56 
22 - 0ct 57 
23 - 0ct 58 

6- Nov 59 
13 - Nov 60 
28 - 0ct 61 
30 - 0ct 62 

Bucket 
1 
1 
1 
1 

1 

1 
1 
1 

1 
1 

1 
1 
1 
1 
2 

2 

2 
2 
2 
2 

2 

2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 

Gro up Name 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 2kg 
SOS Pale l . 2kg 
SOS Pale 1. 2kg 
sos Pale 1. 2kg 
SOS Pale l . 2kg 
sos Pale 1. 2 kg 
SOS Pale l . 2kg 
SOS Pale l . 2kg 
SOS Swiss/Moz 
SOS Colour l . 2kg 
SOS Colour 1 . 2 kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l.2kg 
SOS Colour l . 2kg 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Pa le l . 5kg 
sos Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1 . 2kg 
SOS Pale 1 . 2kg 
SOS Pale 990g 
SOS Colour 1 . 2 kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour 1 . 2 kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colou r 990g 
SOS Colour 990g 
SOS Pale l.2kg 
SOS Pale l . 2kg 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 99 0g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
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3.2.10 - Batch Same Odd Ball Groups, Then Same Items 
Total Make-span = 474.67 
Item No 
807230 
807230 
807430 
66910 
66910 
66910 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805970 
805970 
805970 
805970 
63 793 
806380 
806540 
805950 
805970 
806480 
806390 
806540 
806540 
806540 
806540 
739007 
807'.:30 
807230 
807230 
807430 
807430 
807430 
807430 
272 60 
805950 
805950 
806480 
63792 
63793 
806380 
806390 
739007 
8 0 60 8 0 
806490 
805950 
805970 
806480 
806480 
63793 
806380 
807490 
806540 
806540 
739007 
806380 
806380 
806540 
739007 

Item Descripti o n Qty 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aust SOS 2400 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 160 
Anc Foods l . 2kg SOS 200 
Anc Foods l . 2kg sos 200 
Anc Pale 12xl . 2kg SOS 200 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl.2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea SOS 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Mozzarella l.2kg SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl . 2kg Sea SOS 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 200 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 600 
McDonalds 8x2 . 27kg Sea SOS 900 
Anc Clrd 12xl . 2kg sos 1060 
Anc Clrd 12xl . 2kg Sea SOS 100 
Anc Clrd 12x990g Taiwan SOS 1200 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg sos 200 
Grand Choice l . 5kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Clrd 12xl . 2kg sos 1050 
Anc Clrd 12xl . 2kg SOS 350 
Anc Clrd 12x990g Taiwan SOS 240 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local SOS 324 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 240 
McDonalds 8x2.27kg Local SOS 1035 
Anc Pale 12xl.2kg Sea SOS 120 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg sos 200 
Anc Clrd 12xl . 2kg Sea sos 120 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan sos 1200 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 600 
Burger King 12x990g Japan SO 1160 
McDonalds 8x2 . 27kg Sea sos 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local sos 1080 
Australia 990g Export SOS 900 
Australia 990g Export SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local sos 1035 

DueDate Seq Bucket 
9- 0ct 1 

23 - 0ct 2 
9- 0ct 3 
9- 0ct 4 

23 - 0ct 5 
6- Nov 6 

16-0ct 7 
8- 0ct 8 
9- 0ct 9 
7 - 0ct 10 
9- 0ct 11 

15 - 0ct 12 
16-0ct 13 1 

9 - 0ct 14 1 
6- 0ct 15 1 
7 - 0c t 16 1 
8 - 0ct 17 1 
9 - 0ct 18 1 
9 - 0c t 19 1 
9 - 0ct 20 1 
8 - Oct 21 1 

16 - 0ct 22 2 
16 - 0ct 23 2 
16 - 0ct 24 2 
16 - 0ct 25 2 
9-0ct 2 6 2 

14 - 0ct 27 2 
15 - 0ct 28 2 
16 - 0ct 29 2 

9 - 0ct 30 2 
6- Nov 31 3 

20 - Nov 32 3 
4-Dec 33 3 

23 - 0ct 34 3 
6- Nov 35 3 

20 - Nov 36 3 
4 - Dec 37 3 

30-0ct 38 3 
22 - 0ct 39 3 
23 - 0ct 40 3 
29 - 0ct 41 3 
23 - 0ct 42 3 
23 - 0ct 43 3 
23 - 0ct 44 3 
30 - 0ct 45 3 
16 - 0ct 46 3 
13 - Nov 47 4 
30 - 0ct 48 4 
16-0ct 49 4 
13 - Nov 50 4 
30 - 0ct 51 4 
13 - Nov 52 4 

6 - Nov 53 4 
6 - Nov 54 4 

13 - Nov 55 4 
22 - 0ct 56 4 
23 - 0ct 57 4 
23 - 0ct 58 
20 - Nov 59 5 

4 - Dec 60 5 
6 - Nov 61 5 

30 - 0ct 62 5 

Group Name 
SOS Pale l.5kg 
sos Pale l.5kg 
SOS Pale l . 5kg 
SOS Pale l.2kg 
sos Pale 1.2kg 
sos Pale l.2kg 
SOS Pale l.2kg 
sos Pale l.2kg 
SOS Pale l.2kg 
SOS Pale l.2kg 
SOS Pale l.2kg 
sos Pale l. 2kg 
SOS Pale l.2kg 
SOS Swiss/Moz 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour l . 2kg 
sos Colour l.2kg 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Pale 1 . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale 1 . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Pale l . 2kg 
sos Pale 990g 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
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3.2.11 - Batch Same Odd Ball Groups, Then Same Formulations 
Total Make-span = 476.22 
Item No 
807230 
807230 
807430 
807430 
669 10 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
63793 
806380 
806540 
806540 
806540 
806540 
806540 
739007 
66910 
66910 
27 260 
806490 
805950 
806390 
806390 
806540 
806540 
806540 
739007 
739007 
739007 
807230 
807430 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
80 6380 
806380 
806380 
806380 
807230 
807230 
807 430 
80 74 30 
807 490 

Item Description 
Mld l . 5kg 90x90mm Aust SOS 
Mld l . 5kg 90x90mm Aust SOS 
Grand Choice l . 5kg SOS 
Grand Choice l . 5kg sos 
Anc Foods l . 2kg sos 
Anc Pale 12xl . 2kg sos 
Anc Pale 12xl . 2kg M.East SOS 
Anc Pale 12xl . 2kg M. East sos 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea sos 
Anc Mozzarella l . 2kg sos 
Anc Clrd 12xl . 2kg sos 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea sos 
Anc Clrd 12xl . 2kg Sea sos 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12x990g Taiwan SOS 
KFC 12x990g Local sos 
Australia 990g Export SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27k g Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 

Qty 
2400 
2400 

200 
200 
1 60 
200 
500 
125 
350 
120 
300 
220 
120 
200 
200 

1060 
80 
40 

200 
200 
100 

1200 
216 
600 
900 

1800 
900 
90 0 
900 

McDonalds 8x2 . 27kg Local SOS 2205 
Anc Foods l . 2kg SOS 200 
Anc Foods l . 2kg sos 200 
Mld Sandwich l . 2kg sos 200 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg sos 1050 
Burger King 12x990g Export S 350 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Sea SOS 18 00 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1035 
McDonalds 8x2 . 27kg Local sos 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . Skg 90x90mm Aust SOS 1800 
Grand Choice l . 5kg sos 200 
Anc Cl rd 12xl . 2kg SOS 350 
Anc Clrd 12xl . 2k g Sea SOS 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan SOS 1200 
We ndy ' s 990 g Loc a l SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990 g Local SOS 216 
Aus t ra l ia 990 g Export sos 900 
Aus tra li a 990 g Ex p o r t SOS 600 
Austra lia 990 g Exp o r t SOS 900 
Australia 990 g Ex p o rt SOS 900 
Mld l . 5kg 90x90mm Aus t SOS 1800 
Mld l . 5kg 90x90mm Aust SOS 1200 
Grand Cho i c e l . 5kg SOS 200 
Grand Cho i c e l. 5 kg SOS 200 
Burger King 12x990 g Japan SO 11 60 

DueDate Seq 
9- 0ct 1 

23 - 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
9 - 0ct 5 

16 - 0ct 6 
8 - 0ct 7 
9 - 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
16 - 0ct 12 
13 - Nov 13 

9- 0ct 14 
15 - 0ct 15 
16 - 0ct 16 

6- 0ct 17 
7 - 0ct 18 
8 - 0ct 19 
9 - 0ct 20 

16 - 0ct 21 
16 - 0c 22 

9 - 0ct 23 
9 - 0ct 24 
8 - 0ct 25 
9- 0ct 26 

14 - 0ct 27 
15 - 0ct 28 
16 - 0ct 29 

9 - 0ct 30 
23 - 0ct 31 

6- Nov 32 
30 - 0ct 33 
30 - 0ct 34 
22 - 0ct 35 
16 - 0ct 36 
30 - 0ct 37 
22 - 0ct 38 
23 - 0ct 39 

6- Nov 40 
16-0ct 41 
28 - 0ct 42 
30 - 0ct 43 

6- Nov 44 
6- Nov 45 

23 - 0ct 4 6 
13 - Nov 47 
29 - 0ct 48 
30 - 0ct 49 
13 - Nov 50 
23 - 0ct 51 
23 - 0ct 52 

6 -N ov 53 
23 - 0ct 54 

6 -N ov 55 
20 -N ov 56 

4-Dec 57 
20 -N ov 58 

4-Dec 5 9 
20 -N ov 60 

4-De c 6 1 
13 - Nov 62 

Bucket 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

2 
2 

2 

2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 

Group Name 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
SOS Pale l.2kg 
SOS Pale l . 2kg 
SOS Pale l.2kg 
SOS Pale 1.2kg 
SOS Pale l . 2kg 
sos Pale l.2kg 
sos Pale l . 2kg 
sos Pale 1. 2kg 
SOS Pale 1. 2 kg 
sos Swiss/Moz 
sos Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
sos Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l.2kg 
sos Pale 990g 
SOS Colour l . 2kg 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Colour 990g 
SOS Colour 990g 
SOS Colour 990g 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Colour l . 2kg 
sos Colour l . 2kg 
SOS Colour 990g 
sos Colour 990 g 
sos Colour 990g 
SOS Colou r 990 g 
SOS Colour 990 g 
SOS Colour 990g 
sos Colo u r 990 g 
SOS Colour 990 g 
SOS Colou r 990 g 
SOS Colou r 990 g 
sos Pal e l . 5 kg 
SOS Pale l . 5kg 
sos Pale 1. 5 kg 
SOS Pa l e 1. 5 kg 
SOS Colour 990 g 
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3.2 .12 - Batch Same Odd Ball Groups, Then Same Sizes 
Total Make-span = 473 .99 
Item No 
807430 
66910 
66910 
27 2 60 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
806380 
63793 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
807430 
807430 
66910 
806080 
806490 
805950 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
806380 
806380 
806380 
806380 
8b6390 
807490 

Item Description Qty 
Grand Choice l . 5kg sos 200 
Anc Foods l . 2kg SOS 160 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12xl . 2kg SOS 200 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl . 2kg Sea sos 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea sos 300 
Anc Pale 12xl . 2kg Sea SOS 220 
Anc Mozzarella l . 2kg SOS 200 
Anc Clrd 12xl . 2kg sos 1060 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg Sea sos 80 
Anc Clrd 12xl . 2kg Sea SOS 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea sos 200 
Anc Clrd 12xl . 2kg Sea SOS 100 
Anc Clrd 12x990g Taiwan SOS 1200 
Australia 990g Export SOS 600 
KFC 12x990g Local sos 216 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l.5kg 90:~90mm Aust sos 1800 
Grand Choice l . 5kg sos 200 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 1800 
Mld l . 5kg 90x90mm Aust sos 1200 
Grand Choice l . 5kg sos 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2kg Sea sos 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Cl r d 12x990g Taiwan SOS 1200 
We ndy ' s 990g Local SOS 2 16 
KFC 12x990g Local sos 32 4 
KFC 12x990g Local sos 216 
Aust rali a 990g Expo r t SOS 900 
Aus t rali a 990 g Export SOS 600 
Austral i a 990 g Ex por t SOS 900 
Aus t rali a 990g Export SOS 900 
Burge r Ki ng 12x990 g Ex p o r t S 240 
Burg e r King 12x990g Japan SO 1160 

DueDate Seq 
9- 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
30 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9 - 0ct 8 
7 - 0ct 9 
9- 0ct 10 

15 - 0ct 11 
16 - 0ct 12 

9 - 0ct 13 
16 - 0ct 14 
15 - 0ct 15 

6- 0ct 16 
7 - 0ct 17 
8 - 0ct 18 
9 - 0ct 19 

16- 0ct 20 
16-0ct 21 

9 - 0ct 22 
9 - 0ct 23 

16 - 0ct 24 
9 - 0ct 25 
8- 0ct 26 

14 - 0ct 27 
15-0ct 28 
16 - 0ct 29 

9 - 0ct 30 
16 - 0ct 31 
23-0ct 32 

6- Nov 33 
23-0ct 34 
22 - 0ct: 35 
23 - 0ct 36 

6 - Nov 37 
28 - 0ct 38 
30 - 0ct 39 
20 - Nov 40 

4 - Dec 41 
6-Nov 42 

20 - Nov 43 
4 - Dec 44 
6- Nov 45 

13 - Nov 46 
30 - 0ct 47 
22 - 0ct 48 
23 - 0ct 49 
13 - Nov 50 
29 - 0ct 51 
30 - 0ct 52 
13 - Nov 53 
23 - 0ct 54 
23 - 0ct 55 

6- Nov 56 
23 - 0ct 57 

6- Nov 58 
20 - Nov 59 

4- Dec 60 
30 - 0ct 61 
13 - Nov 62 

Bucket Group Name 
1 sos Pale l . 5kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 SOS Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 SOS Swiss/Moz 
1 SOS Colour l . 2kg 
1 SOS Colour l . 2kg 
1 SOS Colour l . 2kg 
1 sos Colour l . 2kg 
1 sos Colour l . 2kg 
1 SOS Colour l . 2kg 
1 SOS Colour l . 2kg 
1 sos Colour 990g 
1 sos Colour 990g 
1 sos Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
2 SOS Colour 990g 
3 sos Pale l . 5kg 
3 SOS Pale l . 5kg 
3 sos Pale l . 5kg 
3 SOS Colour 990g 
3 SOS Colour 990g 
3 SOS Colour 990g 
3 SOS Colour 990g 
3 SOS Colour 990g 
4 SOS Pale l . 5kg 
4 SOS Pale l . 5kg 
4 SOS Pale l.5kg 
4 SOS Pale l . 5kg 
4 sos Pale l . 5kg 
4 sos Pale l . 2kg 
4 SOS Pale l . 2kg 
4 SOS Pale 990g 
4 SOS Colour l . 2kg 
4 sos Colour l . 2kg 
4 SOS Colour l . 2kg 
4 SOS Colour 990g 
4 sos Colour 990g 
4 SOS Co l our 990g 
4 SOS Colour 990g 
4 SOS Colour 990g 
4 sos Colour 990g 
4 SOS Colour 990g 
4 SOS Colour 990g 
5 SOS Colou r 990g 
5 sos Colour 990g 
5 SOS Colou r 990g 
5 sos Colour 990g 
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3.3 - Results of Trials of Search Techniques 

3.3.1 - Branch and Bound 
Schedule Cost Index = 28.99 
Item No 
66910 
66910 
66910 
27 2 60 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
805970 
806540 
807230 
807430 
63793 
806380 
806540 
806540 
806540 
806540 
739007 
739007 
806490 
806480 
806480 
806480 
806480 
63792 
63793 
63793 
806380 
806380 
806380 
806390 
806390 
807490 
807230 
807230 
807430 
807430 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807430 
807430 
806380 

Item Description Qty 
Anc Foods l . 2k g sos 160 
Anc Foods l . 2kg sos 200 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12xl . 2kg SOS 200 
An c Pa le 12xl . 2kg M. East sos 500 
Anc Pale 12xl . 2kg M. East sos 125 
Anc Pale 12xl . 2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea SOS 300 
An c Pale 12xl . 2kg Sea sos 220 
Anc Pale 12xl . 2kg Sea SOS 12 0 
Anc Mozzarella l . 2kg SOS 200 
Anc Clrd 12xl . 2k g sos 200 
Anc Clrd 12xl . 2k g SOS 1060 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2k g Sea sos 80 
Anc Clrd 12xl . 2k g Sea SOS 40 
An c Clrd 12xl . 2k g Sea SOS 200 
Anc Clrd 12xl . 2k g Sea SOS 200 
Anc Clrd 12xl . 2k g Sea SOS 100 
Anc Clrd 12xl . 2kg Sea SOS 120 
McDonalds 8x2 . 27kg Sea SOS 900 
Mld l . 5kg 90x90mm Aust SOS 2400 
Grand Choice l . 5kg sos 200 
KFC 12x990g Local sos 216 
Australia 990g Export SOS 600 
McDonalds 8x2 . 27kg Sea SOS 18 00 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
McDonalds 8x2 . 27k g Local sos 1035 
Anc Pale 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Ta iwan SOS 1200 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local SOS 324 
KFC 12x990g Local sos 216 
Australia 990g Export SOS 900 
Australia 990g Export SOS 600 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 350 
Burger King 12x990g Export S 240 
Burger King 12x990g Japan SO 1160 
Mld 1 . 5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aust SOS 1800 
Grand Choice 1 . 5kg sos 200 
Grand Choice 1 . Skg sos 200 
McDonalds 8x2 .27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1080 
McDonalds 8x2 . 27kg Local sos 1035 
Mld 1 . 5kg 90x90mm Aust SOS 1800 
Mld 1 . 5kg 90x90mm Aust SOS 1200 
Grand Choice 1 . 5kg SOS 200 
Grand Choice 1 . 5kg SOS 200 
Australia 990g Export sos 900 

DueDate Seq 
9-0ct 1 

23 - 0ct 2 
6- Nov 3 

30 - 0ct 4 
16-0ct 5 

8 - 0ct 6 
9- 0ct 7 
7 - 0ct 8 
9 - 0ct 9 

15-0ct 10 
16 - 0ct 11 
13 - Nov 12 

9 - 0ct 13 
16 - 0ct 14 
16-0ct 15 
22 - 0ct 16 
23 - 0ct 17 

6- 0ct 18 
7 - 0ct 19 
8 - 0ct 20 
9 - 0ct 21 

16 - 0ct 22 
13 - Nov 23 

8 - 0ct 24 
9 - 0c 25 
9 - 0ct 26 
9 - 0ct 27 
9 - 0ct 28 
9 - 0ct 29 

14 - 0ct 30 
15 - 0ct 31 
16 - 0ct 32 

9 - 0ct 33 
16 - 0ct 34 
30 - 0ct 35 
16-0ct 36 
29 - 0ct 37 
13 -N ov 38 
30 - 0ct 39 
23 - 0ct 40 
23 - 0ct 41 

6-N ov 42 
23 - 0ct 43 

6-Nov 44 
4- Dec 45 

16-0ct 46 
30 - 0ct 47 
13 - Nov 48 
23 - 0ct 49 

6- Nov 50 
23 - 0ct 51 

6- Nov 52 
22 -0ct 53 
23 - 0ct 54 

6-Nov 55 
23 - 0ct 56 
30 - 0ct 57 
20 -Nov 58 

4- Dec 59 
20 - Nov 60 

4- Dec 61 
20 - Nov 62 

Bucket 

1 
1 

1 
1 

1 
1 
1 

1 
1 

2 
2 

2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 

Group Name 
sos Pale l . 2kg 
sos Pale l. 2 kg 
SOS Pale l.2kg 
SOS Pale l . 2kg 
sos Pale 1. 2 kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
sos Pale 1.2kg 
Swiss/Moz 
Colour l.2kg 
Colour l.2kg 
Colour l . 2kg 
Colour l. 2kg 
Colour l . 2kg 
Colour l.2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 1.2kg 
Colour l . 2kg 
Colour 990g 
SOS Pale l . 5kg 
sos Pale l . 5kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
sos Pale 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990 g 
Colour 990g 
Colou r 990g 
Colour 990g 
Col our 990g 
Colour 990g 
Colour 990g 
SOS Pale l.5kg 
sos Pale l.5kg 
SOS Pale l . 5kg 
sos Pale l . 5kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
sos Pale 1 . 5kg 
sos Pale l . 5kg 
sos Pale 1 . 5kg 
sos Pale l . 5kg 
Colour 990g 
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3.3.2 - Random Pair-wise Interchange 
Schedule Cost Index = 3 1.03 
Item No 
807230 
807430 
66910 
66910 
805990 
806070 
806070 
806080 
806350 
805970 
805970 
805970 
805970 
806380 
806540 
739007 
806080 
806080 
805950 
805970 
806480 
63793 
80 6390 
806540 
806540 
806540 
806540 
739007 
807230 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
66910 
27 2 60 
806080 
8 0 608 0 
806490 
805950 
805950 
805950 
805970 
806480 
63792 
63793 
63793 
806480 
806480 
806380 
806380 
806390 
806540 
806540 
806540 
739007 
806380 
806380 
807490 
739007 

Item Description 
Mld l . 5kg 90x90mrn Aust sos 
Grand Choice l . 5kg SOS 
Anc Foods l . 2kg sos 
Anc Foods l . 2kg SOS 
Anc Pale 12xl . 2kg SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg M. East sos 
Anc Pale 12xl . 2kg Sea SOS 

Qty 
2400 

200 
160 
200 
200 
500 
125 
350 

Anc Mozzarella l . 2kg SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 80 
Anc Clrd 12xl . 2kg Sea SOS 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 200 
Australia 990g Export SOS 600 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Local SOS 2205 
Anc Pale 12xl . 2kg Sea sos 120 
Anc Pale 12xl . 2kg Sea sos 300 
Anc Clrd 12xl . 2kg SOS 106 0 
Anc Clrd 12xl . 2kg Sea sos 100 
Anc Clrd 12x990g Taiwan SOS 1200 
KFC 12x990g Local sos 216 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mrn Aust SOS 2400 
Mld l . 5kg 90x90mrn Aust sos 1800 
Mld l . 5kg 90x90rnrn Aust sos 1800 
Mld 1 . 5kg 90:<90mrn Aust SOS 1200 
Grand Choice l . 5kg SOS 200 
Grand Choice l.5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l . 2kg SOS 200 
Anc Pale 12xl . 2kg Sea sos 220 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12x990g Taiwan sos 240 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg sos 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan sos 240 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990g Local sos 216 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x99 0g Taiwan sos 1200 
Australia 990g Export SOS 900 
Australia 990g Export sos 600 
Burger King 12x990g Export S 240 
McDonalds 8x2 . 27kg Sea SOS 18 00 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27k g Local SOS 108 0 
Australia 990g Export sos 900 
Australia 990g Export SOS 900 
Burger King 12x990g Japan SO 1160 
McDonalds 8x2 . 27kg Local SOS 1035 

DueDate Seq 
9 - 0ct 1 
9 - 0ct 2 
9 - 0ct 3 

23 - 0ct 
16 - 0ct 5 

8 - 0ct 6 
9 - 0ct 7 
7 - 0ct 8 
9 - 0ct 
6- 0ct 
7 - 0ct 
8 - 0ct 
9 - 0ct 
9 - 0ct 
9 - 0ct 
9 - 0ct 
9 - 0ct 

15 - 0ct 
16 - 0ct 
16-0ct 
16 - 0ct 

9 - 0ct 
16 - 0ct 

8 - 0ct 
14 - 0ct 
15-0ct 
16 - 0ct 
16 - 0ct 
23 - 0ct 

6-Nov 
20 - Nov 

4 - Dec 
23 - 0ct. 

6 - Nov 
20 - Nov 

4 - Dec 
6-N ov 

30 - 0ct 
16-0ct 
13 - Nov 
30 - 0ct 
15 - 0ct 
22 - 0ct 
23 - 0ct 
13 - Nov 
29 - 0ct 
23 - 0ct 
23 - 0ct 

6- Nov 
30 - 0ct 
1 3 -N ov 
23 - 0ct 

6-N ov 
30 - 0ct 
22-0ct 
23 - 0ct 

6- Nov 
28 - 0ct 
20 - Nov 

4- Dec 
13-Nov 
30 - 0ct 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

Bucket 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

2 
2 

2 
2 
2 
2 

2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 

Group Name 
SOS Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale l . 2kg 
SOS Pale 1 . 2kg 
SOS Pale l . 2kg 
sos Pale l . 2kg 
SOS Pale l . 2kg 
SOS Pale l . 2kg 
Swiss/Moz 
Colour l . 2kg 
Colour l.2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 990g 
Colour 990g 
Colour 990g 
sos Pale 1. 2kg 
sos Pale l . 2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
sos Pale l . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
sos Pale l . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
sos Pale l.5kg 
sos Pale l . 2kg 
SOS Pale l.2kg 
SOS Pale l . 2kg 
SOS Pale l. 2kg 
sos Pale 990g 
Colour l . 2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
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3.3.3 - Tabu Search 
Schedule Cost Index = 24.95 
Item No 
807230 
807430 
66910 
66910 
272 60 
805990 
806070 
806070 
806080 
806080 
806080 
8 0 608 0 
806350 
805950 
805950 
805970 
8 0597 0 
805970 
805970 
805970 
806480 
63793 
806380 
806390 
806540 
806540 
806540 
806540 
8 0 654 0 
739007 
739007 
807230 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
66910 
806490 
806540 
8 0 654 0 
80 608 0 
805950 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
80 638 0 
80 638 0 
8 0 654 0 
739007 
739007 
806380 
806380 
8 0 6390 
807490 

Item Description Qty 
Mld l . 5kg 90x90mm Aust SOS 2400 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 160 
Anc Foods l . 2kg SOS 200 
Mld Sandwich l . 2kg sos 200 
Anc Pale 12xl . 2kg sos 200 
Anc Pale 12xl . 2kg M. East SOS 500 
Anc Pale 12xl . 2kg M. East SOS 125 
Anc Pale 12xl . 2kg Sea SOS 350 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Pale 12xl . 2kg Sea sos 300 
Anc Pale 12xl . 2kg Sea sos 220 
Anc Mozzarella l . 2kg SOS 200 
Anc Clrd 12xl.2kg sos 1060 
Anc Clrd 12xl . 2kg SOS 200 
Anc Clrd 12xl.2kg Sea sos 80 
Anc Clrd 12xl . 2kg Sea SOS 40 
Anc Clrd 12xl . 2kg Sea SOS 200 
Anc Clrd 12xl.2kg Sea SOS 200 
Anc Clrd 12xl . 2kg Sea SOS 100 
Anc Clrd 12x990g Taiwan sos 1200 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 600 
Burger King 12x990g Export S 350 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust sos 2400 
Mld l .5 kg 90x90mm Aust SOS 1800 
Mld l .5kg 90x90mm Aust sos 1200 
Mld l.5kg 90x90mm Aust SOS 1800 
Grand Choice l . 5kg SOS 200 
Grand Choice l.5kg sos 200 
Grand Choice l.5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg SOS 200 
Anc Pale 12x990g Taiwan SOS 240 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea SOS 900 
Anc Pale 12xl.2kg Sea SOS 120 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg SOS 350 
Anc Clrd 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan sos 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan sos 1200 
Wendy ' s 990g Local SOS 216 
KFC 12x990g Local sos 324 
KFC 12x990g Local SOS 216 
Australia 990g Export SOS 900 
Australia 990g Export SOS 600 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27kg Local sos 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Australia 990g Export sos 900 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 240 
Burger King 12x990g Japan SO 1160 

DueDate Seq 
9 - 0ct 1 
9 - 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
30 - 0ct 5 
16 - 0ct 6 

8 - Oct 7 
9 - 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
16 - 0ct 12 

9 - 0ct 13 
16 - 0ct 14 
15-0ct 15 

6 - 0ct 16 
7 - 0ct 17 
8 - 0ct 18 
9 - 0ct 19 

16 - 0ct 20 
16 - 0ct 21 

9 - 0ct 22 
9 - 0ct 23 

16 - 0ct 24 
9 - 0ct 25 
8 - 0ct 26 

14-0ct 27 
15 - 0ct 28 
16-0ct 29 

9 - 0ct 30 
16 - 0ct 31 
23 - 0ct 32 

6-N ov 33 
4 - Dec 34 

20 -Nov 35 
23 - 0c 36 

6- Nov 37 
20 -N ov 38 

4 - Dec 39 
6 - Nov 40 

30 - 0ct 41 
22 - 0ct 42 
23 - 0ct 43 
13 - Nov 44 
22 -0ct 45 
23 - 0ct 46 
13 - Nov 47 
29 - 0ct 48 
30 - 0ct 49 
13 - Nov 50 
23 - 0ct 51 
23 - 0ct 52 

6- Nov 53 
23 - 0ct 54 

6- Nov 55 
6- Nov 56 

28 - 0ct 57 
30 - 0ct 58 
20 - Nov 59 

4- Dec 60 
30 - 0ct 61 
13 - Nov 62 

Appendix 

Bucket Group Name 
1 sos Pale l . 5kg 
1 sos Pale l . 5kg 

sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 SOS Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 sos Pale l . 2kg 
1 SOS Pale l . 2kg 
1 Swiss/Moz 
1 Colour l . 2kg 
1 Colour l . 2kg 
1 Colour l . 2kg 
1 Colour l . 2kg 
1 Colour l.2kg 
1 Colour l.2kg 
1 Colour l . 2kg 
1 Colour 990g 
1 Colour 990g 
1 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
2 Colour 990g 
3 SOS Pale l . 5kg 
3 sos Pale l . 5kg 
3 SOS Pale 1 . 5kg 
3 sos Pale 1 . 5kg 
3 SOS Pale 1 . 5kg 
3 SOS Pale 1 . 5kg 
3 SOS Pale 1 . 5kg 
3 SOS Pale 1 . 5kg 
3 sos Pale 1 . 2kg 
3 SOS Pale 990g 
3 Colour 990g 
3 Colour 990g 
4 SOS Pale 1 . 2kg 
4 Colour 1 . 2kg 
4 Colour 1 . 2kg 
4 Colour l . 2kg 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
4 Colour 990g 
5 Colour 990g 
5 Colour 990g 
5 Colour 990g 
5 Colour 990g 
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3.3.4 - Combination Individual Group Complete Enumeration and Tabu Search 
Schedule Cost Index = 24.95 
Item No 
807230 
807430 
66910 
66910 
27260 
805990 
806070 
806070 
806080 
806080 
806080 
806080 
806350 
805950 
805950 
805970 
805970 
805970 
805970 
805970 
806480 
63793 
806380 
806390 
806540 
806540 
806540 
806540 
806540 
739007 
739007 
807230 
807230 
807230 
807230 
807430 
807430 
807430 
807430 
66910 
806490 
806540 
806540 
806080 
805950 
805950 
805970 
806480 
806480 
806480 
63792 
63793 
63793 
806380 
806380 
806540 
739007 
739007 
806380 
806380 
806390 
807490 

Item Description 
Mld l . 5kg 90x90mm Aust SOS 
Grand Choice l . 5kg SOS 
Anc Foods l . 2kg SOS 
Anc Foods l . 2kg SOS 
Mld Sandwich l . 2kg SOS 
Anc Pale 12xl . 2kg SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg M. East SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Pale 12xl . 2kg Sea SOS 
Anc Mozzarella l . 2kg SOS 
Anc Clrd 12xl . 2kg SOS 
Anc Clrd 12xl . 2kg sos 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12xl . 2kg Sea SOS 
Anc Clrd 12x990g Taiwan SOS 
KFC 12x990g Local SOS 
Australia 990g Export SOS 
Burger King 12x990g Export S 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea SOS 
McDonalds 8x2 . 27kg Sea sos 

Qty 
2400 

200 
160 
200 
200 
200 
500 
125 
350 
120 
300 
220 
200 

1060 
200 

80 
40 

200 
200 
100 

1200 
216 
600 
350 

1800 
900 
900 
900 

McDonalds 8x2 . 27kg Sea SOS 900 
McDonalds 8x2 . 27kg Local SOS 2205 
McDonalds 8x2 . 27kg Local SOS 1035 
Mld l . 5kg 90x90mm Aust SOS 2400 
Mld l . 5kg 90x90mm Aus sos 18 00 
Mld l . 5kg 90x90mm Aust SOS 1200 
Mld l . 5kg 90x90rnm Aust SOS 180 0 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Grand Choice l . 5kg SOS 200 
Anc Foods l . 2kg sos 200 
Anc Pale 12x990g Taiwan SOS 240 
McDonalds 8x2 . 27kg Sea SOS 1800 
McDonalds 8x2 . 27kg Sea sos 900 
Anc Pale 12xl . 2kg Sea SOS 120 
Anc Clrd 12xl . 2kg SOS 1050 
Anc Clrd 12xl . 2kg SOS 350 
Anc Cl r d 12xl . 2kg Sea SOS 120 
Anc Clrd 12x990g Taiwan SOS 240 
Anc Clrd 12x990g Taiwan SOS 1200 
Anc Clrd 12x990g Taiwan SOS 1200 
Wendy ' s 990g Local sos 216 
KFC 12x990g Local SOS 324 
KFC 12x990 g Local sos 2 16 
Australia 990g Export SOS 900 
Australia 990g Ex p o r t sos 600 
McDonalds 8x2 . 27kg Sea sos 900 
McDonalds 8x2 . 27k g Local SOS 1080 
McDonalds 8x2 . 27kg Local SOS 1035 
Australia 990g Export SOS 900 
Australia 990g Export SOS 900 
Burger King 12x990g Export S 240 
Burger King 1 2x990 g Japan SO 1160 

DueDate Seq 
9- 0ct 1 
9 - 0ct 2 
9 - 0ct 3 

23 - 0ct 4 
30 - 0ct 5 
16 - 0ct 6 

8 - 0ct 7 
9- 0ct 8 
7 - 0ct 9 
9 - 0ct 10 

15 - 0ct 11 
16 - 0ct 12 

9 - 0ct 13 
16 - 0ct 14 
15 - 0ct 15 

6- 0ct 16 
7 - 0ct 1 7 
8 - 0ct 18 
9 - 0ct 19 

16 - 0ct 20 
16 - 0ct 21 

9 - 0ct 22 
9 - 0ct 23 

16 - 0ct 24 
9 - 0ct 25 
8-0ct 26 

14 - 0ct 27 
15 - 0ct 28 
16 - 0ct 29 

9 - 0ct 30 
16- 0ct 31 
23-0ct 32 

6- Nov 33 
4-Dec 34 

20 - Nov 35 
23 - 0ct 36 

6 -N ov 37 
20 -N ov 38 

4 - Dec 39 
6 - Nov 40 

30 - 0ct 41 
22 - 0ct 42 
23 - 0ct 43 
13 - Nov 44 
22 - 0ct 45 
23 - 0ct 46 
13-Nov 47 
29 - 0ct 48 
30 - 0ct 49 
13-Nov 5 0 
23 - 0ct 51 
23 - 0ct 52 

6- Nov 53 
23 - 0ct 54 

6- Nov 55 
6 - Nov 56 

28 - 0ct 57 
30 - 0ct 58 
20 - Nov 59 

4-Dec 60 
30 - 0ct 61 
13 - Nov 62 

Bucket 

1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2 
2 
2 
2 

2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 

Group Name 
sos Pa le 1 . 5 kg 
sos Pale l . 5kg 
sos Pale l.2kg 
sos Pale 1 . 2kg 
sos Pale l . 2kg 
sos Pale 1 . 2kg 
sos Pale l.2kg 
sos Pale 1. 2kg 
sos Pale l.2kg 
sos Pale l.2kg 
sos Pale l.2kg 
SOS Pale 1 . 2kg 
Swiss /Moz 
Colour l . 2kg 
Colour l . 2kg 
Colour l . 2 kg 
Colour l . 2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
SOS Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
SOS Pale 1 . 5kg 
sos Pale 1 . 5kg 
SOS Pale l . 5kg 
SOS Pale l . 5kg 
sos Pale l . 5kg 
SOS Pa le 1 . 2 kg 
sos Pale 990g 
Colour 990g 
Colour 990g 
sos Pale l.2kg 
Colour 1 . 2 kg 
Colour l . 2kg 
Colour l . 2kg 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990 g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
Colour 990g 
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Appendix 4 - Definitions of Terms Used 

20kg Blocks: Pastoral Foods product type. 
250g Packets: Pastoral Foods product type. 
2kg Blocks: Pastoral Foods product type. 
American Production Inventory Control Society (AP/CS): Organisation that promotes 
production-planning research and education. 
AP/CS: American Production Inventory Control Society. 
Available to Promise: Capacity or products that are available to be sold, i.e. the total 
available that has not yet been promised to other orders. 
Backward Schedule: Scheduling technique that performs the requirements of the 
schedule as late as the factory ' s capacity will allow. Orders are set down on their 
manufacturing due dates and then ' bulldozed ' or pushed backward (if there is more than 
one order on a machine at one time) to obtain a realistic schedule. 
Beam Search: Search technique. 
Bill of Materials (BOM): Listing of quantities of materials that are required in the 
manufacture or assembl y of a product. 
BOM: Bill of Materials. 
BPCS: Business Planning and Control System. 
Branch and Bound: Search technique. 
Buffer: Inventory or Time that is strategically placed to prevent small disruptions from 
causing significant problems or major disruptions. 
Bulk & Block line: Pastoral Foods manufacturing line. 
Business Planning and Control System (BPCS): Commercial MRP-Il system used at 
Pastoral Foods. 
Carton: Single unit of manufacture and storage. Term used at Pastoral Foods. 
Central Limit Theorem: Statistics theory that says that the mean of a sample can be more 
accurately predicted the larger the sample. 
Cheese Spreads: Pastoral Foods product type. 
Clieez Bodz: Pastoral Foods product type. 
Cheez Toyz: Pastoral Foods product type . 
Complete Enumeration: Search technique that evaluates all possible solutions. 
Constraint: Something that prevents the company from making more money now and in 
the future . 
Critical Path Diagram: Diagram for displaying and calculating the minimum possible 
time that a project will take. 
Customer Order: Order for a finished product placed on a manufacturing organisation. 
Must contain item code, quantity required and requested date of delivery. Used in MRP­
ll systems. 
Database Information System: Computer program for storage and fast efficient retrieval 
of last amounts of related data in tabular form. 
Dynamic Programming: Search technique. 
Earliest Due Date (EDD): Sequencing algorithm that schedules all items in Earliest Due 
Date sequence. 
EDD: Earliest Due Date. 
EMC: Enzyme Modified Cheese. Pastoral Foods product type. 
Enzyme Modified Cheese (EMC): Pastoral Foods product type. 
Factorial (n!): n! = (n) * (n-1) * (n-2) * (n-3) * (n-4) ... 5 * 4 * 3 * 2 * 1. 
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Firm Planned Order (FPO): Order planned to be manufactured by the scheduler only. 
Must contain item code, quantity required and date of start of manufacture and date it is 
needed by. Used in MRP-ll systems. 
Forecast Myopic Dispatch Method: Scheduling algorithm, used in the Goldratt 
scheduling method. 
Formulation: Part of the BOM, the recipe or mixture of cheeses and salts etc, that go into 
creating a product. Tenn used at Pastoral Foods. 
FPO: Firm Planned Order. 
Gantt Chart: A graph that plots the planned usage of one or more machines against time. 
Genetic Algorithms: Search technique. 
Gluing: Manufacturing similar items together in the same run. This is done to reduce the 
total make-span by eliminating a change-of-run. 
Greedy: Search techniques are greedy or myopic if they look for the best thing in the next 
move or next few moves. This leads to sub-optimal of local optima schedules . 
Group: Tenn defined and used in and for this project. Similar items that have small 
changeover-times and are advantages to production to run in consecutively. All items are 
categorised into their similar item ' Groups ' to make scheduling easier. 
Individually Wrapped Slices (IWS): Pastoral Foods manufacturing department. 
Integer Programming: Search technique. 
Internal Constraint: See production constraint. 
Inventory: Goldratt term used to define the total investment or value of the money locked 
up in the manufacturing system. 
Item: Single product that has a unique set of characteristics in a product range. 
IWS: Individually Wrapped Slices. Pastoral Foods product type, manufacturing line and 
manufacturing department. 
Retro line: Pastoral Foods manufacturing line. 
JIT: Just In Time. 
Just In Time (JIT): Manufacturing system that operates with zero or almost zero 
inventory or work in process between machine centres. 
KD line: Pastoral Foods manufacturing line. 
Key Ingredients line: Pastoral Foods manufacturing line. 
Lagrangian Rekccation: Search technique. 
local Optima: Local area of a solution space where all single moves away from the local 
optima give worse solutions. 
Market Constraint: Constraint of the market. The company cannot sell all the capacity it 
has available. If more sales could be generated revenue would increase. 
Master Production Schedule (MPS): Algorithm used in MRP-11 systems that will 
produce the listing of required production orders and raw material purchase order in the 
form of Planned Orders. 
Microsoft Access: Computer database program. 
Microsoft Visual Basic: Computer programming language (also used within Microsoft 
Access). 
MPS: Master Production Schedule. 
Multi-machine Bottleneck Dynamics: Scheduling algorithm. 
Myopic: See Greedy 
Myopic Search Technique: Scheduling algorithm. 
n!: Factorial, mathematical expression, n! = (n) * (n-1) * (n-2) * (n-3) * .. .4 * 3 * 2 * 1. 
Neighbourhood: All solutions within one move of the current solution. 
Numetrix: Owner/writer company of Schedulex and other commercial production 
scheduling packages. 
ODBC: Open Database Connectivity. 
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Oddball Items: A few products that are very different from the majority of products. 
Open Database Connectivity (ODBC): Standard used by all major manufacturers of 
databases. ODBC is a computer protocol for communication between databases of 
different origins. 
Operating Etpense: Goldratt term used to define the fixed or non-variable costs of the 
company. 
OPT: Optimised Production Technology. 
Optimised Production Technology (OPT): Commercial production scheduling package, 
first written by Goldratt in the late l 970 's. 
Packet line: Pastoral Foods manufacturing line. 
Packing Configuration: The number arrangement and mass of cheese potions in a carton 
used at Pastoral Foods. 
Pair-Wise Interchange: Search technique. 
Pastes and Slurries: Pastoral Foods product type. 
Pastoral Foods (NZ) limited: Processed cheese manufacturer in Eltham New Zealand. 
Planned Order: Order created by the MRP-1 I system to advise the planner that there are 
requirements for an item for a certain quantity and required by certain date. Used in 
MRP-II systems. 
Production Constraint: Constraint of the production system. The company can sell all 
the capacity it has available. More sales would not increase revenue. 
Purchase Order: Order planned to be purchased by the purchased officer only. Must 
contain item code, quantity required and date of date required delivery. Used in MRP-11 
systems. 
Q-Control: Commercial production scheduling package. 
Random Pair-Wise Interchange: Simple search technique. 
RDS: Recombined Dairy Solids. Pastoral Foods product type and manufacturing line. 
Recombined Dairy Solids (RDS): Pastoral Foods product type and manufacturing line. 
Red lanes: Goldratt term, defined as the manufacturing path(s) from the constraint(s) to 
the end of the process. 
Retro line: Pastoral Foods manufacturing line. 
Routing File: File that holds the sequences of machines and machine production rates for 
multi-stage operations. Used in MRP- 11 systems. 
Run of the mill: Standard products that are typical of the majority of the products made 
in the factory . 
.E: Sum of everything in the brackets. 
Scheduler:: Commercial production scheduling package. 
Sequence Dependent Set-ups: The set-up time for changeovers between products is 
dependent on the sequence the products are made .. 
Shifting Bottleneck Algorithm: Scheduling algorithm. 
Shop Order: Order planned to be manufactured by the scheduler only on a FPO and has 
been released for manufacture. Must contain item code, quantity required and date of 
start of manufacture and date it is needed by. Often also contains manufacturing 
instructions and materials to be used. Used in MRP-1! systems. 
Simulated Annealing: Heuristic search technique. 
Skins: Pastoral Foods product type. 
SKU: Stock Keeping Unit. 
Slice on Slice (SOS): Pastoral Foods product type, manufacturing line and manufacturing 
department. 
Solution Space: The total number of possible solutions. For scheduling problems this is 
usually very, very large. 
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SOS: Slice on Slice. Pastoral Foods product type, manufacturing line and manufacturing 
department. 
SP: Specialty Products. Pastoral Foods manufacturing department. 
Space Buffer: Space to hold work-in-process that is available that is strategically placed 
to prevent small disruptions from causing significant problems or major disruptions. 
Usually placed immediately after a constraint or secondary constraint. 
SPC: Specialty Processed Cheese. Pastoral Foods manufacturing department. 
Specialty Processed Cheese (SPC): Pastoral Foods manufacturing department. 
Specialty Products (SP): Pastoral Foods manufacturing department. 
SPR: Standard Production Rate. 
SQL: Stated Query Language 
Standard Production Rate (SPR): Average rate of production of each item. 
Stated Query language (SQL): Standard language used in most database systems to 
retrieve information from tables inside the databases. 
Stock Keeping Unit (SKU): Single item that has a unique set of characteristics in a 
product range .. 
Sub Group: Term defined and used in and for this project. See 'Group' . Similar items 
are categorised within a ' Group ' into 'Sub-Groups '. 
Supplier Constraint: Constraint of raw material supply. The company cannot make and 
sell all the capacity or products it wants to or has available because it cannot obtain 
enough raw materials. 
Tahu list: A list used in Tabu Search that provides the memory of previously studied 
solutions, or attributes of solutions that the Tabu Search algorithm is forced to avoid . 
Tahu Search: Heuristic search technique that uses artificial intelligence and memory, 
commonly used for scheduling problems. 
Throughput: the production output of a manufacturing machine or line. 
Throughput dollars: A Goldratt term used to define the absolute money making ability of 
the organisation. Technical Definition is ' money generated by sales - truly variable 
costs '. A simple definition is ' money generated by sales - cost of raw materials '. 
Time Buffer: Amount of work-in-process inventory calculated in terms of machine 
processing time. Work-in-process that is strategically pushed to be available so that it 
prevents small disruptions from causing significant problems or major disruptions. 
Usually placed immediately before the constraint or secondary constraint so that, that 
machine does not run out of available work . 
Total Make-Span: Total time taken to manufacture a schedule. Usually measured on the 
constraint alone. 
Works Order: Also called ' Shop Order' . 
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