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ABSTRACT

Computer technology has had limited snccm in pmducmg uuful business
applications. Mamgemmt _‘systum seidom meet usery’ nt

expert in solving ‘

m ‘f;\‘« A ‘:_x =

failure in pncual situations.

Improvements are certainly possible. Thewmuldbewppﬁcd wlth a
system that assists in the design of an application. This system could help the manager
specify his requirements by providing him with a framework for thinking about issues
relevant to the design of a particular application. The manager might then be better
equipped to select a commercial package or to guide in thc design of his own
implementation.

This thesis describes a prototype version of such a qsum. PROCTOR is a
‘program that assists in the design of a hierarchical planning and control system for a
procurement firm.

PROCTOR is implemented as an “unstructured” qummin. It guides the
user in investigating various aspects of a problem while giving him complete freedom in
deciding how and when to supply answers to questions. It allows him to change and skip
‘answers whenever he desires. PROCTOR is implemented in OWL, a system for
representing and processing conceptual knowledge. It uses the OWL data base to represent
procedures for the questionnaire and to store data accumulated during the interaction. This
representation makes possible the presentation of an English-like. probhm description,
various evaluations and the reasons for the evaluations.

Thesis Supervisor: William A. Martin
Title: Associate Professor of Electrical Engineering and Mamgement
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TRODUCTION AND BACKGROUND

u Introduction
| Computor technology has had limited success in producin; uuful buslnm
appllcatlom Mana;ement symms seldom mnt thc um's roqulrpmggts. are often
innppropmu to an lppllauon and are frequently ahandomd But why?

| Business llcks experthe in the applicauon of cumgum Mamgeu who are
| expertin buslnmprobmfmd ttdimcukmspdfyfwmul pmadumforthuomion of'
these problems It is not wrprmng that programmers who work from poorly defined
| >apedflanons pmduoepooﬂywrimn lppliazhnsofmu. ‘

The computer lndustry hu provlded only limued support in business
appliuuom. Appumion plchga shouH theoutiully pmkh lnmnt dau proemlng
aoftwue. In pnctue. they rqum mnudmbh mdmuuon to be mpatlble with a firm's
proeedum Applhﬂonwmiuumpmpaduammmupmblun These
symms mlor appliauon puugu from user spocmauom. Unfonumu!y ‘outputs from
appllcaﬁm customizers stlll require modiflmim to fit the mvimnmt of a ﬁrm

Appllcmon customizers (und appliatlon packagu) luve a more nrlous
limltulon a user isnrety provided with mllmhmmcunhgnnmhbmq of a puhgc
for his firm. A company will lnvut considmble um and upcme ln “ready to run
lofmre only to dhoovcr that it is tnappuuble to its ptobhm. } And worse, the unsuitable
| ptckngeansomeumuaummampmyspmbm .

Improvennnu are ummly poutblc. Thc mnager could boﬁu!g?ucdmth




system that assists in the duign of an appl!aﬁon This system could help the manager
specify his requlrements by provfalng ﬁlm with a fnmowor'i Tor thinking about issues

relevant to the design of a particular application. The manager might then be better -

3} P

equipped to select a commercial packngo or to guidc in the deslgn of his own

..... fwn Shk G

programthatguldatheuurhtbeddgnofasymforapnﬂculﬁapplhﬂon The
appliuuonlsmunndwbuphnnmmdeanmlsymfonpmmtfmmm

EREAE

PE
TR%

mmmmwmammmmdm by'
Hax and Meal' <Hax and Meal > o
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PROCTORIIMm;mm‘“mb;?;d q “ C Hax
TR qu.ff‘ﬁ\irff EnE kS

This questionmm sernd u a wmmary of lmm to vbe consklered in the design of a

hlenrd:lalphnnlngandmrrolsymprmm{ Thcqtm;im;dnmedua

L MEGE NG s Bid

Mfammmmtmmmemapnmon

CempkenEi iy O i e

" PROCTOR 8 tmplemulud as 3 “Unstructared* muluple r.m quationmlre. I
L WO R
guides the user in lnveldpung a prdﬂem whuc gmng him oemplue frndom in deddlng
AT % ;xl it gg» FyeEd ST E IR

howmdwhenwmpplyanmnmqmstms:Pkocmkanwsﬂnuurﬁochmgeand

TR R bR

sklp answers whemvn he dutm.
I We have implcmimed PROCTOR in OWL a symm for represennng and
prooeuing eonceptual knowledga <Hawunson » PRdE‘i"OR gn; the ¢ OWL daa bue uo'

.

tepment the proadum fw the qduuonnaire and w store dmaewmuhnd durtng the. ,
interaction. The data base makes pouible the ptudntmon of an Engﬂsh-uke summry of
«\theproqunMnguwenukmmmdmmsmnmmaqumfwthepmbm



L2 Background
121 Application Customizers
In the introduction, we mentioned that users of application customizers
frequently encounter prablems. IBM’s Appltc;mcqctomjurdnu 72> and the
The Application Customizer is a system that upes.a, quel aire to derive a set

of parameters that are subssquently used 1o custooize data processing seftware. The most
serious limitation of the Agplication Custpnizer is that K doas Hete in terms of problesn

formulation. <Hax and Martin ”’.Ih‘ Applmmnmmu« unnot evaluate the
applicability of its output for a particylar situation. In. using. the, Application Custamnizer,
the user bears full responsibility for identifying l'gup;mmg rqqlmmnu and for

dmnmnlng if the ruqmn; system is indeed 2 riate to his pmblun

The Distribution Systems Simulator (DSS) Is.a sypem. tlut uses a questionnair

to customize a simulation nnddforhtgemlephydaldmm”m DSS offers an
lmproygment over tl)e Application Customizer by providing a means of gyalggtlng

distribution systems methodology. But it also is inadequab

<Hax 74b>. DSS does not take a
global view of the firm in its evaluations. It ignares important issues such as the interaction
of the firm's production activities with the dhtribuuon pmittrun mufm;;ng
Plants 3 soure of ulimited inventory. DSS doss ot provide n gt approach o

the logistics pracess: it treats each stocking polntu if it were

dendent from the rest of

the system.



1.2.2 Requirements for an Improved System

The minimum requirements for an improved sysu!m should be cleat. Asysum
that is to provide an imptovement over existing systems’ shiould
identifying his requirements, (%) selectifiy components ‘to’ ridet hia requimn‘cnh.md tn (s)

evaluating the suttabiltty of ‘these components for his tuation
the system must tike a glabal view of the firm.

assist the user in (1)

ctivice questionnaire. We chode this approach foi- several reasois. Tt has proven successful
in both the Application Customiizer Mmm istfibutions System Similator and seemed to be
the simplest technélogy which could support ah advance o¥éh existing sy:téms A
questionnatre requires a minimur of input and it therefobe readilj accepted by management.
A quuuonnure provides a framework in Which it 1s pentbh b ediicats s user: it can guide

thenm-expertlnthcducﬂptlmofhhpmblun
- We_ have made several improvements in the presentation of the questionnaire. It
an answer or because he does not know how to answer & quéstion. Many syjeins are unable
leave a long involved interaction in order to determine 2 single pieceof information.)
PROCTOR allows the user to skip a question Whenever he desires. Tt then tries to
determine the fact by using information that it aiready knows or by using adm‘erent
strategy in asking for information. PROCTOR an aiao proond to another pnrt of the |
investigation. The user can interrupt PROCTOR at any time to supply answers to questions
that have been nw. |



i

Associated with the ability_ to skip answers is ;bg mn:; ';o, ;hmg&mmgu

whenever the user deslre& The user may wish to . previous mswer the program

tbpd
SEETTRY

may have detected the inoonsuunq of a response with previous. information;. the. user’s

answers without havlng to restart the investigation.

S AR

A deficiency with application cumturs is thdr lmlzm:; $9 provide evajuations.
before the completion of the questionnaire. The Applicyion Cussorizer questionnaire must
be completed before any output is available, PROCTOR can providls, partial evahiacions

before a session is completed.

123 Methodology for Research
1231 A Consaltants Quesionsalre ss rotossl
| PROCTOR is based on a questionnaire written b;mMiArnqup G Hax.
Professor Hax hudlscumdthemedforpmgnmapubhofuwngthoqwgnof
lo‘l;ticg systems <Ha§ T4c¢>. As an ‘at}tempt_towg’rgg‘sgcpﬁa_igg,t'c_m,v he.wrote in a
questionnaire format his srategy for tackling procursment problems. .
The questionnaire served as a summary of issues that had te be considered
when attempting the design of a hierarchical planning and, contral system for precursment.
An analysis of the quudonnalre lead toa th,eoiy of its structure that in tura influenced the

implementation of PROCTOR. This will be discusted in a later chapter. It suffices to note
that several assumptions had to be made in the writing of the questionnaire. and its

subsequent analysis.



1.23.2 Some Necessary Assumptions
" The questionnaire only considers operational and tactical issues. It contains no
quesions conrsin o tem angic et Sk Wi vt 1 the dmign

of plants and warehousés or the sffocation of capital.” Akhough this is a reasonable

restriction, it can lead to complications. The condiktant 1 often confronted by a situation
that on the surface seéms t0 be a procurement problem. On furthet investigation, the real
problem 1 often found b be quite Hitherent: the firm's faciliies could be constrained and
require expansion; fiinds for l‘nvumry investment might not be available due to limited
cash flows that arise because of the firm's cradit policy. R
We assume that before using the program, the user will have analyzed his
situation to the extent that he is convinced that a purchasing or lnvemory problem requiﬂng
a procurement system exists. Thus.thcwsﬁéuhdnmkbuﬂywmmd tactical
issues without regird to strategic, long term muu that are assumed to bc externally
| Another problem is the evaluation of the numerous intangibles involved in
deciding whether or not to use a particular logistics system. It " lnconedvable vgl’vyén the
current state of the art that a program be able to decide in any situation whether a planning
and control system should be adopted. For a general anaifals, a program would require a set
of well-developed world models to enable it to relate to the many secondary issues involved.
A manager 1s needed to evaliite intangibles such as organizational issues and financial

considerations related to an overafl decision.



L3 Operations lhnmment Issues

Inthiuecum moummthekmdaefpmmu

thu PROCTOR‘
_ considers We also describe the hicnrchical appmch to phnnlng and oontrol systems

described by Hax and Meal.

181 'l‘l:e Proeummnt Problm Outlimd

Procurement refers to the ongoing acuvtty that nﬂ ftmu have of purchasing

SRR L Y I

materials and mpplm from ouulde sources. A mmuuctutlng ﬂm wlll purchau raw
bt

materials to supply its production process. For a dturtb\mr (uch ua mpurnmht cham). '

- procurement dqxndsontinnqumnmmofthc muwmpam Many ﬂrms
.(reaihtamdwhehll«aforum\ph)punhmgmw,wmymedmndsof

Te ““k ﬁ“‘ R

their customers. ’
In thlsthesh.weoonddertimflmuwlnnmprudvkyuprowumem In

this clus. we include not only slmple mllm but aho ﬂrms tha have mlmr productlon
“““ Tt T

activities vmh negugible producuon lead timu (such as p‘dlcen) and ﬁrms whtch havc
diatribution activittu that an be nsumed to be lndcpmdent of thc prowremmt proceu.

&pmfwthpmpm%mmmmmwhkhm

hopewprovidempport. Fornhorimnofmthanuym.h\gwmmuuwchutm
R
aoquumonofphmmdqmpnmtummdfwmwmw Produa

U I A

llneu!ection myabobeoomid«ed Fwavcyﬂmhwumofafmdaysmlusthma

5

month lssues rehmd to the deulhd xh-duung of oompmy opennom beoome important..

...... ;{

l-'or a medlum horlzon of les: thm a month toa yur. we bocomc conmned wlth the

fomsting of customer dmnd the phnnlng ot' lnvamary Itnh and the purchulng of
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goods. This thesis considers issues of phnnlng and control in the medium time horizon.

- Wlthin tMs tlme horizon. the flrm s ob joctlve is to provlde good customer
service at minlmal cost wlthout vlohung ounstmnn that are lmpooed e!ther exﬁernally or
internally to the company. Unfortunately, a firm can meet manyproblems in tryln; to meet
this ob jective.

A company that cannot adequately forecut cummer ‘demand will suffer a

determuonofcummiulndsubuqmnthaofbum Inaddmm ‘it will often

aocumuhte excess tnvamory This mmly aggrevuu the situation by wuting valuable spua'

thatshouldbeundwholdgoodsthatmcumﬂyindmnd

Aﬁrm“thatuumblewpndlctthebdmmmelumandmmof

'ordmandlostalu. To solve

an order from a vendor will umlly mﬂer missed cus
this pmblem a compmy will sometimes issue mny small orders. The result is excusive
- A flrms procumnmt problems an nmauma mut from its lmbillty to optuu
wlthin the consmlnts Impoud on it. Vemlon mﬂonaﬂy st aﬁpp!y limits and sometimes
require consunt purchulng ram. Ocusional!y. the fiimn); doparunent of the flrm an

lmpose a oonstnlnt by Iimiting funds uvaihble for invutment in invenmy }
All tlme problenu warrant the oonﬂdmﬁon of a phnning and controi system

_But a flrm need not have promremt problem m oonudcr mch a system. Indeed a firm

'may consider a sym stmply o maintaln m eompetluvc adnnuge. thh a phnnlng and |

CRaE *3 5

control syseem a ﬂrm wm be bemr able to predlct cum demand l:o tnke advanuge of
dlwounuandeoonomiuofmmpomﬂonwhenwdeﬂn‘fmvm Exmmhumlde

avallable to ﬂnance other upects of the companys opennons by keeplng inventory



investment at a minimum.

13.2 The Hierarchical Approach to Phnulng and c».m: smms |

' Thmmnvmlmmmwmwdaphmmmdmtrolquor
: thcprocumnntumuon Ompmpoalumformuhuthommlpmblmuaungh
mixed-incage programning problem (WIF) o besoved on 8 reling hoizon basis. Lasdon
" and Terjung 7> | | | |

Several researchers have discussed the deﬂdmdu of this approuh (Su for

daumhufmuddmndfwuchlmw«ﬂumm(wmaw)-
né overwheiming but

For several thousands of m ot m‘, do m | ;;\qg,,a;.

usually it becomes computationally impcasible to obgal
ob jection to the ditailed solution is that npmuano mbars 16

lnthesomumpmoeu.
Hax and Meal and others (see <Hax and Meal ’Ib ang, <Hanssm

aning -mm In this thesls, we
assume the approach of Hax and Meal as the propesed methadolo

y for.a planning and
thttmuhmundpmmmdmm thofdedmnm
has its characteristic length of planning horizon and data requirsments. More aggregate
decisions _involve longer horizons and. less detailed um of informasion. With the
hierarchical approach, the manager is able to infiuence the solution at sach level of decision

be made first, and




8
making. Typically, upper management wiil influence the decisions at a hlgh‘er‘le\'ml of -
aggregation.

~ In designing & planning and control system, the types of aggregations required,
:mwmmumdummdawwm&npmmmm
levels must be oelemd o ' ‘ |
For medium range planning problems (2 horizon of spproximately a year), three
levels of aggregation have been identified: | o
tems are final products to be delivered to the customers. They represent the

the firm. Iteras differ
,mm@mb@ o g

- rauau' s are croupsor items wmimm 2 common orderi ngcost. Economies

i T,ﬂ:mgxwpsoffmuua whose procurement gy mguarembedmﬂnmed
by an aggregate plan {a linear programming ‘af the type level). Families

N Wmawmﬁhvemhmm@mmd

These three levels of aggregatlon are used in COMS, a COmputer Based-

Opentlom Mimg‘m Symm. <Hix, Gobvin. Bosyj and Victor %> This system was

designed as a research tool 1o txpm various mﬁﬁp& for ﬁmung betwéen the levels of

and control system. Figure LI gives a eoﬁbepml overview of COMS.

cdm h“ i R T T S I

| are forecast both at

After updi I'I‘ifvlwi;"fﬁ"' o’ s L T
the type arid the item level. nﬂypa level forecait is made over the f-immﬁg horizon

T

uncertainty of Tuture requirements at the item level. "1t is thus able to provide a more

realistic forecast over the planining horizon. The item level forecist is simply a forecast of
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Read in last period’s usage |

Update Invemory Status ,
| (Physieat Inventory, Adibunt ot | -
Order, Backorders, Lost Sales,
1 AvailabiEInventotyy -

{“Update deiand Forecaits, shety |
stocks, overstock limits, md
©‘Tun outtimes 77

| Deerenite etfectivedsinands |
for each producttype -

Aggregate Plan for Typg;
(WMMng Rw e

Family Disaggregation | 1 = ‘Manigemént

| (Family Planning Reports) | | |lnieraction

Item Dis_aggregation .
“(1tém Planing Reports)

Detailed Status Reports 'A

Conceptual Overview of a Hierarchical Planning System

Figure L1




After making these forecasts, the system npdm nfety stocks, overstock limits
and run out times. mumymummmmm«mu necessary to keep the
probablutyofmckmuadmedm nummmmcmm deviation of
errors in the forecasts. Ovmkumtummxm lunnmrylw@k. Thcymlmporunt
for items which have periods oﬁn&m &mm *m tries to keep inventory
levels near zero. Themwtmmumeﬂmmm”mmlmnwtﬂmMeru
placed. Itdopmd:onfonumddmndundmvmm

The system solves a &mmﬂugwmﬁm as well as type4
inventories and procurement lead times.. mwm&r procurement over the
coming horizon that minimizes costs wluh obgggg: m mu. Thc most important

cost is that for hokding lnvmh"r’y“ mmm usualiy. prage constraints, seasonal

mmﬂnuandmpplhrpunﬁwngmnmm thesymumtheﬂmp«lodmthe

solution to, detergying igader amonnts in thamm

Type pmcnrement amounts are MW) to families in types.
This is done by means of an ;Igoﬂthm that insures that aggregate demand for families is

L gt g

satisfied in the next period wmw %mim’gmg 'an order) and holdlng

costs are minimized.

Once family amounts have: begnatlocited,ut?a!,gpidc amounts for items in
families are assigned. To reap benefits ofjolnt eeomm!u of scale, items in a family should
be ordered together. Item amounts are allocated so that family members run out
simultaneously. ‘

The preceding description is that of a ;fairly general planning and control



system. In certain cases, only some of the components are applicable. The aggregate
planning oomponent may be eﬂmlmtad when 2 flrm has no lmg-urm external constraints.
Families are not present when items can only be ocdcnd lndivlduuﬁy from vendor:.

Th_c aggregation approach has been tested for several problems using the
CoMs symm; <Hax et al. 76> It is interesting to note that costs obtained using this
nppmchanv«ynmthobwbwndmmidcdbyﬂn“l?fmm lnsomc

uus.COMShubmabhuoprovmafnubbm whlhﬂnun’hufuhdduem

computer storage limitations.

L4 Preview L
In the next chapter we present 2 sample sexsion using PROCTOR. Chapter $
contains a description of the questionnaire. In chapter 4, we develop a model of the



its solution. ltahopruenmdnutofredumufalsymmamuthemmgerm;

evaluating t‘ﬁe sultalimty of that appmch for his ﬂrm in thu ctupm. we descrlbo a

outlining the experiences of a typical user.

21 Introduction

AdamSmithhm:g«ofopmﬂmuKBS‘Poodsﬂmtud anotedwho!ualer

‘rﬂ:as Y

of spech&y product.’ KBS pu

sells them to gourmet ‘shops and direct 'to ‘the puﬂk. ifor KBS Tepadfiaging s a mino

activity that requires no lead time and little overhead: it simply involves relabelling items
for certain shops. KBS Foods handles more than 5000 items. Demand for these items varies
amrdmgwthemwlthp.hathoudaynm

KBS is currently experiencing problems in lu inventory management. Items are
often understocked; an item is occasionally unavailable due to monthly supply limits
imposed by vendors; orders are often missed or shipped late. KBS has also:overstocked
some of its items. This has created a significant overhead Mopenﬁngexpemusinceltenu
that ‘cumot' be sold incur storage costs or have to be liquidated.

Mr. Smith believes that computer control of the procurement operations of

KBS Foods would be the most appropriate solution. He is especially interested in an



2
approach that uses management sclence techniques. An associaty hs suggested that he use

PROCTOR to help him decide.

2.2 The Session ‘
" In the followlng pages, we present ngmenu eﬁ “f. Sum\ umon with
PROCTOR. The compiete session appears in Appendix A. .

i, S S it sl oo ol B et
PROCTOR has concluded that fotns ordertng support is foasible bocsx

ant aumber of ttoms thet share apdering casts-gud mmumd
tnto familtes for purposes of filn replentsiment. PWO&M‘WW nto-

external constraints.

And Mr. Smith, we will now attemps ta identify whether. Mmgxml constraints
among your items that warrant the development of an | plat and the aggregation.
oflnmmdfmluaofmmwpmduatypubomm‘dfmhfmmnwuh
reptdsmoxtmml interactions? 4 e

(Pleasé key in yes of no): yes

P"rchufn: Phn is rﬂilma whenever burchasing decision § T LA

thanompurchumhdwmahud.mduummmpmfwmmmm
fluctuating demand conditions.

PROCTOR uses quastion I7 through 21 to determine the extstence of external constratnts fn
KBS Foods. An aggregate planning module ts considered if at Least ome constratns is present..
(17) Are there storage constraints that limit the amount of physical lnnmory you could.
handle? \
(Please key in yes or no): n

(18) And Mr. Smith, are there financial constraints that forcs you to defing a fairly constant



(Please key in yes or no) n

(19) Are there contracts you sign with individual vendors which force you to define a fairly
constant purchasing rate every month?
(Please key in yes or no)- ?

(W)Mthmwpphlwummofywrvmdmwhkhfmywwanudpaumof
your purchasing refuiremint '

(Please key in yes or no): yes | N -
(21) Do you carry seasonal inventories to absorb demand fluctuations?
(Please key in yes or no): yes

To evaluate the nucessity of en aggregate planning modsily; PROCTOR néeds the user's
fudgmmt ﬁthmmqwmafm”mmm“ummﬂm

(thaem nugmn very i
(Phnekq in ygano):m

(23) Do you know what percerttage
(Pleise keylﬁnnﬂév:f T

: ,,,;“,; .

Aprowrememqgngmphnningmoduhlsnndcd Thhumymdedddthatthe
umnlmmﬂnuammmmw

(Pmkeymyuorno)-y_

(26) Now how many product pe arethere?
Please select one of the following:

1 fess than 11

- 2 between 1l and 20
3 between 21 and 50
4 between 51 and K00




(Enter here): 4

Nottce how PROCTOR mahkes consistency checks before accepting an onswer: &t detests an

tnconststency between the numher, throwgh.
aggregation. Mr. Smith foels thtq;ln number of mﬁﬁ“mm to change
the number of familtes.

Mr. Smith, I think I have danmd an error.
The number of product types exceeds the number of famiies.
Youmlychmgeoneormoftlufolhwm S
1 "between 51 and 100", thcmpomewquuuon%mnhgthcnumbnoftm
product types of the purchasing .
2‘b«wmﬂand9&,ﬂwwmmu
families of the purchasing department T

(Please select one or more): 2

So far the following will be changed: The response to quuuon L) oonamlng the number of

the families of the purchasing department. T e
Do you want to change any more? ' -
(Please key in yes or no): n

(15) Now Mr. Smith, how many families (groups of items) are ther?
Please select one of the following:

I less than 1l

2 between 11 and 50

3 between 5l and 100
4 between 101 and 250
5 between 251 and 500
6 more than 500

(Enter here): 4

PROCTOR accepts the change. Previous evalustions sxe-snsaffected. and PROCTOR proceeds.
to constder the aggng«m plon tn detall.

(26) Mr. Smith do you currently havean W WM
(Please key: in yes or nok |



2¢

Mr. Smith tnterrupts the sesston to print tnformation concerntng qwtmu 15 and 25. (We
omit detatls to save space.) Notice that changes have been correctly made.

Question 18 - ‘ ’
mmenumbudtheftmuadmepunhwngdmt
- response: betweern 01 and 250

Question 25

oonoemsthenumberoftheprodncttypuot‘mpunhw:déplmmt
response: betweenslmdloo

PROCTOR conttnues the sesston. .
It must determine an appropriate mu horizon and tiwe pmod diwtston for the aggregate ﬂcn.
These enter tnto an estimate of tlu number of ¢ umbm rqumd

An extsting aggregate plan can somettmes prmdcnugh m appropriate answers.
(26) Now Mr. Siith, do yoi't ite purch W‘p!m?
(Please key in yes or nok n RS S

(27) Mr. Smith, mmﬂvemmdmappwummmfwmww
phn? ‘

Please select one of the followlng:
1 less than 6 months
2 between 6 and 12 montlu
3 more than 12 months®
4 not known

(Enter here): 1

Mr. Smith dectdes on a hortzon of 6 months. PROCTOR knm that a Mm of at least a
year ts required when seasonaltites are present (see questton 21) u(l tndicates tAs ervor.

Mr. Smith, I think I have detected an error.

A time horizon of less than 6 months is inappropriate for a situation with seuonal
inventories.

You may change one or thore of the foflowing.

1 "less than 6 months®, the answer to question 27 about the lenyh of‘ the horizon of the
aggregate purchnivg*phh 'of the purchasiig department

2 “present”, the answer to question 21 about seasonal-inventories in the purchasing
department



'(Plennselectoneotm):,l_

Please try again...

Please select one.of the following:

Iless.than 6 months
2betwem8indl2mnths
"8 more than 12 months

4 not known

Mr. Sanhmmdcgdcnu_ ropriat
a year and Mr. Smith agrees.

&

RSN T AN K

(%)Itlsconmwdowphnntngwithammnnokmmmthattm
(Pmlieyinyuorm):m, ' : T

My, Swﬂl cannot. M" [ Qﬂ G’ ropriate time heria
month UM“S mm commn s v 2

A PREEDR sommens .

11 calendar week
2 2 calendar weeks
3 3 calendar weeks
4 4 calendar weeks
-5 1 calendar month

6 1 calendar quarter
7 1 calendar semester
8 5 working days
9 10 working days
10 20 working days

. 11 4-4-5 week division
12 I don't know

(Enter here): |2

(30) It is common to do aggregate planning monthly. Is it ok to assume 'th_at the time horizon



be divided into 1 month periods?
(Please key in yes or no): y

PROCTOR dectdes that an LP formulation ts infeasthle since the estimated number of
vartables ¥ecésdi 1900 the assumed astwacm for the wicmbir of bartebles db-d in most
commercial LP cods.

A procurement aggregate planning module is infeasible. The reasons for the decision are

that _
I the average number of the variables of the aggregate purcha ng plan of the
purchasing department is more than 1500. AR

2 a procurement aggregate planning module is needed.

The number of variables required for the aggregate plan makes it computationally
impractical. mpmmmdwmmmmmmnmgmarunm
aggregating PM““'YP“%  considered. .

! Mﬁﬁﬂhpﬁ&ﬁﬁfu"ff@ g |

(SR i
Wouldywﬁkepmductwmbemddmdfamum?
(Pleuekeytn yaornok'

M. Smith requaests that question 29 be reashed. An mcr tome pomd will docrease the mmbcr
of vartables rcqumd ﬂr the qgngc« plan. (Datatls ard omitted ﬁnic space.)

period division of the ag Skiddur seicodind pace

.'ﬁ;‘ AN

PROCTOR reashs the question.
(29) Whatmmpcbd:doywmmtmmﬂunmdlvmmmmum?

Please select one of the following:

11 calendar week

2 2 calendar weeks

3 3 calendar weeks

4 4 calendar weeks

5 1 calendar month

6 1 calendar quarter

7 | calendar semester

8 5 working days
910 working days

10 20 working days

11 4-4-5 week division

12 I don't know

(Enter fiere): 8



PROCTOR rctumtomm:td«mmofmcaumﬂmcﬂ« ncluding thai
© range forecasting support ts posstils. (It continues forecast ,’mz;u_m,.- 8.6 latey part of
the sesston.) An aggregste planning mduhnfuﬂcudf WCTOR ¢
of model that must be used.

A procurement aggregate planning module is feasible. The rcunm for the decisy
1 the average number of the variables of the aggragate purchasing.
purchasing department is not more than 1300. ’
2thenvmgenumb«ofthemmmndmwpwchwnzphnuf¢p
purchulng deptrmnnt is not more than 5000,

external constraints should bedmrmhcdbymaftﬁlw - 04 by
model should opthniuholdingandwmwmm_, ¥ »
msonsfor:hededshnargthu e , B o

dtsaggregation roufine “_-'wdf"«,. Ing Pl

Acomponentto handle product aggregation in the pyrchasing department is
needed. The reason for the decision is that a procurement gEregRin pANNING MOdiie. 15,
fnﬂbh%amlngtbedﬂbdammm dduct S| e
families that sharemminmmc cterist)
sub ject to external

aggregate planning.”This 1 b

disaggregation in the purchasing de
product :ggregmon is nesded and’i | proéum




o8

In another part of the sesston, PROCTOR constders a lead time determination module. A

module wiil v constdersd when vertebls liad tome stoms of ‘ﬁdg.%q bectally If & signiftcans
number of trems Aok *wmqmw ol 1Aet thest thems are Ompostent
enough to require close control. - o R .

(ﬁ)Howmﬂmmmmnmﬁlmdmthdmrwmd
ywrpurchuediw

Phuuelectoneoftﬁcfoﬁoﬂlnr

1 very constant

2 reasonably constant
'Sfatﬂ‘yviﬂtbh ‘
iextrqndy’mhbh

(Enter here): $

(45) Now are the items that exhibie variable load-times o ingortane amough io requie clos

(Phuekeyinyuorno):m

affettod by mﬁm

(48) Mr. Smith, can you give a pefcent estimate of the nlimber of your items that are

A module for lead time determination is needed. Thc%mmforthedodsionistmtyw
decided that themmhvmwmdﬂn”;; Msing depistment are it

Witk lcad mvu dcpmdmcm, lead time farmuu‘ m by }m&b. PROCTOR tmnmgcm
de o
(47)Axidm Smifthy; does the lesd ‘timé variability dipehd on the order size?
(Please key in yes or nok n

' (u)noatheludnme ariabi Q

(Pluse&eﬁﬁm*dno)n Lttt b ot b

(50) Mr.’Smith; do you keéep historical reeords of lead times?
(Please key in yes or no):yes

A forecasting system’ t: ‘Posstble since seasonal dependincies extst and since lead time records
are avatlable.



~ . A lead time forecasting module is possible. The reason for the deciy nghaludnms

dependencies are present. Concerning the details of a component to has '
determination: Ammmfmmmuwmmmma
‘malhdumdmmmmformm;nm ,

PROCTOR notes tmnmwmuacmﬂamformlndmmuduswhmlf
long lead time ttems are posstble. (Itdotcmn«ltmm:utuofm,ﬂndumamm
unknown when tt tnvestigated the nocessity of & middle mpfwm '

A decision concerning the type of a module for long lead time dets mmbe
made. Themnnfatmmuthuuhnakmnmmmmw
present.

FHERE R R SRR AR R SRR R SRR R S SRS SRR h b d

PROCTOR has completed the tnttial mmupmm gp componen ’f’g?am m
control system. It returns to toplevel and asks for farther tnstructions: Wmnm
for correctness; evaluations can be summartzed.

Mr. Smith déctdes that KBS's lnd‘mm domlamw&ndmdcmm ie
requests that question 44 be changed.

The current question numbmungefmlwnplluemmﬂnmmbmmrmpmdlng
to questions whose answers you wish to change. ‘ .

(Please key them in): 44

So far the following will be changed: Themponnmmﬂ ing the degree of .
variabijity of the lead-times of the purchasing depactment, . . . . .. o .
Do you want to change any more?

(Please key in yes or no) n :

Do you wish to delete any requests?
(Please key in yes or no): n

(44) How wouldyouchmmunvuubnuydywrpwchaﬂuhddmfmmuof
your purchased items? '

’91 PR TS

Please select one of the following:

1 very constant
2 reasonably constant




3 falrly variable
L &xtmmdy vamﬁh '

(Enter Rere): { 1

AumMrSm&rqmndtwm-mt‘ stion be M UMWPROCTOR
m:hm:ddlcofachn;ccadrqumtmﬁc’?ﬂnﬁéﬁ‘ Q | :

You are at top h!._et Plense seloct one of the following:

1 quit
2 continue the anllym
8 help

(Enter here): ¢

Thecumntquutlonnumbmnngefmltonl’mm:nthenumbenoonespwdmg
to questiting Whoile answers ywmmj;jﬁ_z € . .

(Mhﬁﬁmﬁﬂ"ﬁ o I

So far the following will be changed: The to question 48 concerning sensonal lead
" time depen o the Bor by e  Fesponse to question LI e
Do you want to change any more?

(Plnu key in yes or ne): n |

Do you wish to delete any requests?

(Please key in yes or no) n

(44) How would you characterize the vartabi
your purchased items?

Please select one of the following:

1 very constant

2 reasonably constant
S fairly variable
4 extremely variable

(Enter here): §

(48) Now Mr. Smith, does the lead time variability depend on the season?
(Please key in yuorno):n




A lead ttme forecasting system is inappropriate since theve are now no lud time dcmdmcm ,
Notice shat PROCTOR wwits all yoaluutsiis. Soncaininy loml wnss oriinsoiniy ond m:
alternattve variable lead ttme support. Emmwmm

ummcdlyuudcmxhd safety lead ttmes are sseful ta providing
outs.

(%) Now do your vendons. wnm' umwm
(Please key in yes or no): yes %

~ (14) And Mr. Smith, whmvummgmmuqummm numyludumo,

can be added to the average lead time to take into acoount -
lead time calculations. Domfammudéthndanfqhﬁm vt
(Plasekqinyaofno)m

m)mmwmmmwmmmmuw
(Plaukeytnyaorno)-yg_

(78) Now Mr. Smith, um«upmmmummm-wum
(pmmm,umm):m sfwel e .

PROCTOR has redetermined the datails of lead time support.

ol e
st ;:1'_’_:-‘. LT

Concerning thwhdammmtmthummm%WMm
shwldbeaddedmywrbuwmtmmd&emwmm
amounts are to be determined. Emergency lead times should be used oripbigny iseis nie
unexpectedly stocked out. mummmmwm
mpmmtandpnmmmoafuymafﬁr _ » re
appropriate.

PROCTOR has nothing more to do: tt awasts further tnstructions.

Youareattoplcvel. Pleuenhctmofthefm

i

1 quit '
2 oontinue the m‘ysu
Shelp.

4 chwaw

5 m sht.ndnh

(Enter hcn)a B

S

nmmnmmmmnmmnw

Teowl gk phmiw e A

MY Slll!kttw mﬂwm”mﬁhwﬁw“ o



requests that question 29 be reashed.

Tmﬂmqmmwfmlwnmmmmmmmdu
to questions whase answers yau \mh»dlu\p.
(Please key them in) 29

So far the following will be changed: The answer to question 29 about the time period
dlvmmdmwmﬂadmmw

Do you want to change any more?

(Phuekeyinyaorno)-n

Doywwuhmdehnmrw
(Please key in yes or nok.n

(29) What time periods do you think you should use to divide your time horizon?
Please select one of the following-

1 1 calendar week

2 2 calendar weeks

3 3 calendar weeks

4 4 calendar weeks

5 1 calendar month

6 | calendar quarter ,
7 1.calendar semester
10. 20 working days -

11 4-4-5 week division

12 I don't know

(Enter here): 5

Unfortunately, Mr. Smith forgot why such an qrgrcgom time pmod was chosen: an LP was
tnfeastble unless time pertods or product types could be aggregated.

A procurement aggregate planning module is infeasible. This is becauu the average
number of the variables of the aggregate purchasing plan of the purchssing department is
more than 1500 and a procurement aggregate planning module is resded:: The number of
variables required for the aggregate plan makes it computationally impractical. The

possibility of aggregating time periods in the planning horizon or further aggregating
product types should be considered.

In changing the uum ofttm pmod:, Mr. Smith affected the ndwm of the feastbility of |
an aggregste plan ond in $urn, the evaluattons for the middie range forecasténg system. If an



R R R e

aggregate plan ts tnfeastble, tt may be that no middle range M‘ system s rcgumd
PROCTOR, therefors, recom Wies epaluations of forecqstin ,
the cchiash o of 1okt o sy e, %

‘ Concemlngthcdemkofamoduhfa'mudbmpfmﬂnrmamd
for product types, non-type families and non-family e 3 ]
exponential smoothing. These forecasts mnybo

smoothing with a small al
seasonal itémé 1 iesddd ind ‘s o
possible and a module for the forecasting.

the forecasting of slow-moving items is possidle and a co
~ constraints is feasible.

Evaluattons of the necessity of product eggregations are sffected, Mr. J é gs{g ;M)c
does not want aggregation for reporting purpeses. PROCTOK coheludss v _Mg“;n‘mu
15 unnecessary: why aggregste if an LP ts tnfossthie? B

(ﬂ)lthmﬂmuwulmwmmupmmmmmrw UTPOISS.
quywmpmdwmmwbewfwmkm . ‘
(Please key in yes or no) g s

B -jj.é.?h,.u.;

A module o product sgregation s uwcseny, Thie b bgeon prog
planning .Nun is m‘-w. SR oA
' PROCTOR munu to tln tnp. |

1 goie
2 continue the amlysh
~ Shelp.

ichmgemswm

The current question numbers range from | to 76. Please key, hs@m
to questions whose answers you wish to change.
(Please key them in) 21




So far the following wmbechanged Tbeamwetw: aestion 27 concerning the
the horizon ot the s s phnoftln g degartment.
Do you want to change any more? '

(Please key in yes or no) n

Do you wish to delete any requests?
(Pleuekeylnyuorno)n

(27) And Mr. Smith, anyougivemadmteofmwumhoﬁmform
aggregate plan? | .

Please sefect one of the following:

1 less than 6 months
2bctween6mdl2months
Smmtthanﬁmnﬂu

4 not known

(Enter herex:2 . |
The evaluations Aave not changed. PROCTOR stmply reaffirms tts previous evaluations.

A prociirethent aggregate plaining modtle is-infensible. This is becatise the average
number of the variables of the aggregate purchasing plan of the purchuing ‘department is
more than 1500 and a procurement aggregate planning module is ne Thenumbetof ’

possibility of aggrega j )um;ertod; igfghepbm‘
product types should bec . Conicétning the detaily’ of 2 tho

forecasting in the purchasing depmmt: The demand for pndua types, non-type families
and non-family non-type items should be forecast by exponential smoothing. These forecasts
may be disaggregated according to the relative annual demands of members. Demu;d for
slow movers can be forecast by exponential smoothing with a smali alpha. This is becauu a

neededmdanwdulefonhefmmgdmmmn

handle the forecasting of slow-moving items in the purchasing department is negded and a
'mpmmtmhandbthcfmutngdm—mvmgmmﬂnpunhwngdepmmmu

planning module is infeasible.

You xre at top Tevel. Please sefect one of the following:

1 quit



2 continue the analysis

3 help

4 change answers

5 summarize the analysis

(Enter here): 4

My, Smith remembers that Ae did not spectfy whether vendor contracts were pnmu He Iaopc:
to remove the tnfeastbtitty evaluation by completely :)caf,m‘ the problem. :

So far the foibwing will:be changed: mmnmamm
contracts.

PROCTOR continues executton. .

Notice tmmmmmmnmummawc to the mumber of
constratnts dees w«mmm MMWMMM Wiﬂ“ﬂ“
too many variebles. -

(19) mmmmmmmmmmdwmmmwwum.mm

~ constant purehasing mmry M?

(Pleuekcymyuwm)sg
You are at top level. Mullctumofﬂnm
I quit

2 continue the analysis
$ help

4-change answers
5 summarize the analysis
(Enter here) ¢

Mr. Smizh ﬂmdl) takes the most reasonable course of-nm Wuc muumn. e bmn

;WWtMnmmqukW ﬂatltmfm

requests a change to quam 5.

, Sofarthofdhwngwmhw mamumsmmma

the mwm«mmm
PROCTORmau:m

(25) And Mr. Smith, how many preduct types are there?



~ Please select one of the following:

1 less than 1I

2 between 1l and 20
$ between 21 and 50
4 between 51 and 100
5morethan100

| (Enter here) )

PROCTOR recomputes only éffected evaiustions. It doés nat. vevisy the;unttre session. Notice
tAat the problem ts now feastble but with a dtfferent set of condtttons: the number of product.
types has decreased and the number ofnmpcrmmacrmd _

A procurement aggregau plarmlng module is feulble Thu is beause the average number

purchasing depamn«nhmtmonmm l(mand amhohandhm
forecasting is possible and a procurement aggregate planning module is needed. Ounoemlng
the detdils of :module fer:aiididissangs.ferstasting: inthisipusshatiog department: The. .
demand for product types, non-type families and non-familp-nonsype itema shosid.be - .-
forecast by exponential smoothing. Mfmmykawmwm
relative annual demands of members. Demand for siow movers can be forecast by
exponential smoothing with a smail alphs.-The masens:for thagesision are that. '

lampmmtwhandhmefmnmgdmlmunﬂedmdamodulefor

the forecasting of seasonal items i3 possible.

2 a component to handie the forecasting of slow-moving items:is nesded.and a

component to handle the forecasting of slow-moving items is possible. ~

3 a procurement aggregate planning module is feasible or a mb lllndh Joint

ordering constraints is feasible. : :

A component to handle product aggregation is needed. The reason for the decision is that a
procurement aggregate planning module is feasible. A component to handle product

disaggregatiol' ls-nteded.’ This i because n compeneht-tnhandie:pradud-aggregation is.
needed and:a procuremsiit sgysegate planning: moduly iy fesible mmma
a module for product disaggregation: You should use the Knipsack an Haxmeal- -
disaggregation scheme in allocating planned product type procurement amounts to famlly
and noifamily’ iy members ofpeodpcs types. TThell schemas:ivask best Sor-situations with-
setup and holding costs such as yours. This ishecauess mesininfor product disaggragation
in the purchasing department is needed and the estimated family and non-family item
ordering cost of the purchasing department is more than two deliars.and & precuresment .
aggregate planning module is feasible. Concerning the details of a component to handle
product aggregation: Items and families shiat:shave: commisn: inumniory chasacteristics and
demand patterns and that are subject to external constraints should be aggregated into
product types for purposes of aggregate planning. The reasons for the decision are that




8?7

| external constraints are present.
2 a procurement aggregate planning module is feasible.

Concerning the details of a procurement aggregate planning module: Procurement amounts
for product types, non-product families and non-product non-family items that are sub ject to

external constraints should be determined by means of 3 liager. ping, model. This
M& "‘i” 'l’ *‘mmwm AP .|u.n”-.~ # L e S . S . 41 Th“u

because a procurement w planning module is {9 | sxternal constraints are.

present.

You are at top level. Please select one of the following:

1 quit
2 continue the analysis

$ help

(Enter here):

And the tnteractton continues. . . .




A DESCRIPTION OF THE QUESTIONNAIRE

In this chapter, we provide an overview of the stmegyof the questionnaire as
well a3 & description of its undérlying structure. T

8.1 Classifying The Firm |

The first ‘step in the analysis is to classify the firm mdlng to its aétivities. its
degree of centralization and its size. This clasification determines the wrategy to be used in
the investigation.

The strategy for the analysis is determined primarily by the activities of the
firm. Possible activities include any combination of purchasing, manufacturing and
distribution. (Notice that the purchasing ﬁaivity must always be present since no firm lQ
self-sufficient in raw materials.) Distribution affects procurement by creating unusual
demands for goods: individual stocking points occasionally decide to hold items independent
of the demand of their customers. In such cases, the procurement department can find it
impossible to predict future requirements. Issues such as transportation costs become
important when distribution activities are present.

If the firm's activities include manufacturing, separate purchasing support is
feasible only if demands are independent of the production process. Manufacturing
situations with independent demand usually involve simple one step processes like the
manufac;ure of coffee cups or the packaging of pills. For a situation with complex

production sequences, even though the demand for end items is smooth and predictable, due




to exploaiom aﬁd assembly lead times, demands for raw m will be ilmpy and erratic
‘ (dependent) A material requirements planning system mm requtred
* Another issue is the degree of centnliuuon of ﬁe decmon proceu With
rdewntr;lgzed control (several departments eentmﬂlng“ﬂgnlhr ieems). eenmuumn can resukt
in decrenedm Gonmam‘depamuuuellymhhuvmm peyroll Auving in
‘ mvenborydnvemnent l&pulble whm there ll an overlap in W beiu hendled. There are
also potentm uviuzs in ordmng mu end poatbh dumnuﬁmultmg fmm the plnt
| orderlngad itefms.” ) “ |

: Thethird luuehprﬁlm:hewhkhﬁmmwﬂpofthemmberﬁ;
items handled by the firm. mmmumdmmmc But
if a problem is small, ltmyhmdmulyubymwmhmquum
hence, lssues of aggregatién do not arise. *_

Thmhedﬂfmpmbhnfw&chmﬁthmbukw'

And each problem lnwolves &dtffenm methodology. “‘h MM we have considersd. ony ?
one bnnch d‘ the tree ofpoutble situations. We ad‘n MMN l firm whose only
‘mmynpurehm whkummmuwmum |

i Fprooeu and whlch&
handlesawbmnnﬂ numberofuems. Weﬂﬂmgpthhynbhmfw the rest of this

dkeusslon

3.2 'l"lle lnvutignlom Outllned
Figure 31 mustrates the undertying structure o(»' lbe qwlonmke. Tha figure
shows the kinds of facts that are involved: *lu the lmeeﬂption ‘and ghelr mh;lomhlp to other

facts. A clockwise traversal of the graph will reveal the overall structure of the
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4
questionmaire. The quadonmite proceeds by invutgwnt joint urderin; inmctiom..
famlly a“ngauom. oxtornal munlnu. product aggrey tmls, procnrommt lead mm

chmcuruua, vendor cham:tu'htla, couts involvd n mln‘ and_boiding
customer demmd chanmmua

jolnt ordermg inmaims are mu&;md Firse, lg demmining the exmul,ce of

joint ordering inum:thns, qmuiom cnnumlng jnlut of cwmmm ef transportat on from
vendors, quantity dmuunu for multtple m ordlnd from vendors, and. lhtrld ordcrlp;

vy
ERREY

eunmoomidond Jdntorderhgmpponwmbemmrnnbhglywhm these

lnteractlom exlst and only if items lnvolved ln thm inmcdom are important.. thnt

"“J

ordmngmpponupouibhwhmiwmlnvomahpm
inventory charactristics. Iems may then be aggregated into families for, purposes of. jint

W Elp_avc‘ g,;mibr

ppdaiiopl A teietet
PR R

o tor

reporting purposes. This pousibility is investigated if joint ordering support 1a
not requlred |

Exmal oonmlnts m invutlgaud mxt. An gEregate pan s n

ormnofautofeonmmu Mge.fmml.mlermm mpmcnt.arq
if a ugniﬂcant number of items are nffomd byt M mmhn s

To evaluatc the fmlbmty of an a“npu plan, PROOTO& ugulru an
estlmate of the numbcr of vnmbm and commlnu roqnlrd ln thc linear program

formuhﬂm (LP). The user is asked to judge the suitability of various time horizons and

L BRE RIS G e LE  E R e e s
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o 'perlod divisions for the LP. (PROCTOR is careful to suggest a horlzon of at Iust a yur

‘when msomnuu exut.) An Wﬁe phn umlly mmz more awegadon :han family
“aggregaﬂ%n cin offer: ptoduct aggnpnom are Mote cnmidered Product aggregauon
lspouibleonlywhentlmtexhtmdfammemdm-funﬂylmwlth slmihrcosts.

"ho!dingmladtummddumndpmerm Thomukedmuﬁnmthenumberof

T!l

product types that result from aggrfgatiom. thé numb;r of types enters lnto the

etermination of the humber of vriables in the LP. e

Product aggregations are wnsu«ié ‘both for the nggregate phn and for
repomngpurpom. Adlaurqmonmunehrqumdwm:unpmmuwdfor |
phinhing purposes. Immwmmmmmaammme mponene'

qmnhmammmmu*““ 'fwuﬁ‘umpmomm.amm
it mw&immhw o '

Havmg decided on mrqmom, tho next ‘step 1s to eumim the lnventory

Eharacteristics. These e Tead time cﬁahctemuu, vendor chanctemtlu and order

‘\:__%.é,- ‘>;..,!; AR

o mfmaadmuvmuummmm.dmmmm
season and vendors. Special procedures will be rquind to control items with mlabk lead

sHTIBIN

times. Whmawdmwmmmmmankbh.hﬁ:umefoummg is

| ﬂuetppropﬂmprooedm i’wum\pb.withahdmmmm.umybe v

bame »r 7

paubhmpredtahdmbyrthnwupmthlmhm Ceminitemsmy

ﬁavevaﬂabkladﬂmwithmoﬁvmdepmdm Thmunbecontrolled by adding a

ufeqluddmeMmmthdumewbynuh&zdv;upofmrgenqhd

Gogmprr ael

tithes.’ Xltermtivdy. items my be clusimd as class A and be placed undcr strict
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management control. As part of the lead time investi 2

with very long lud tima. lmpomd items may uquln close su . upechny if they

are hlgh uugc mm or are cxpumm.

| Another consideration i3 vendor tradeoffs. Whmyu
and lead times, i may be fouable to s up 8 ystam that wi) erfge.a Frsdantf analyis and

then select the appropriste vendor. Queitions concerning the, avallability of records of,

oria for yendor sslection s quality,

lement  system whous selection criteria s prige.

The system next considers support for the dwermmon of order quantitjes.

ey offer diffarent prices

the type o procedures o be implementd. I the ust 7

for cxampk. it may not be reasonable to impl

’ dmrmlnc the appllabtluy of the Economic Ord«

antity (Rm)fmh are posed,
from_the weer, The user is then lead to

_ AnEOQm;ineuMbv
u‘nmpcoaumnotm:amll.iftherehuvempmdeoprmwholdtngmlg

lnvesugne thc EOQformuh as it mtght apply to his situa

e Bg

rouonabk, md lf a middle range forecuung system is possible. WI EOQ formulas are
consldered for muatiom wlth fnmily l“ugmon, dueounumanq gon-imtanuneous;
rtphnlshment rates. The EOQ will not In apprqprhp for ome itemg. For thue items, the
system suggem altemnte promdum such as ordering qp to a monthly maximum or.

L4

' oanunuous eontrol |
At tlm polnt. the ovenll fnmewqu of_‘the system hu been dmrmimd

Poulble aggnpuom. dluunpﬁng prowdum and spechl mtrol features have been
chtncmﬂud Thanextmp is to study thcdmnd m:m: wm inﬂumelthe fmsting:




system which is basic to adequate control.
Flmqumuormamymdmdmenmimd Ifthepemenugeof
seasonal items is insignificant, limited support may be offéred, or if only one seasonal
pittern exists, a special support system may bé adéquate. Exponential smoothing with
seasonat adjustment requires sesonal indices: the'user is asked questions concerning the
availabitity of these indices or dafh to compute these indices. If Himited sales season items are
present, ik may Be advisable o offe suppert wHich wil prevent Gversocking prior 10 the
shack wason. The type of support offersd s desermined By the cost of overage: 1oss In
mvage.mngemormmmmpm mmm-ﬂmt‘m with
trend: adfastments. . ! e T e
Routines are consideted for spéci’ai items. If :fas:‘iilon;ble”iterﬁs' (high
obsolesence, short life) sre common, the smemshould handle them. “Promotions and
advmngnmaﬂeaﬂnmmyofmfm fnmmmprdknbkummu
héavy investment in advertising, support pmudmh should be lmorponud. Rqraﬂeu wilt
then be mndnory. and if data nval&blmy is poor a mdeoff between the coat of
lmplemenmionlndcouduewpoormtrol\thanwbcmde. xfpmype life and
death curves exist, :upport in prodlcting item growth tnd dmy may be poulbh and
desirable, upechlly if items exhibit a short life Spun sm movm can be pllud in thc cbss
C ‘category. Items with erratic deriand will require continuous control. If unusually large
demands occur, these should be fikered out by a special system. o
" The sirategy is to determine which fmm;wﬁbe desirlble and are possible
in the system. Inevahmlng thenwadqofamponmt,thelymmddmthe uur';
pdgmtofthenhﬂvelmmnaofthﬂm R ) o
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Data availability is the most important midcnthn in evaluating the possibility
w!thoqt at least three

offoreastingsupportnnadmucrmaltoformsung For

x
phnnlng homons of dm. regression will not be passible. To hand M%‘%gne year of
' could be usod,,, :

R R

data is nonmlly requimd to determine seasonal indices. BA orje

W g e e 3
3 &L TRy

when data is unavall;ble, but due to inaccuracies, s'ym p&rformim mty be poor.

- Questions concern the availability of demand and sales mom, the cost of data creation, the

- accuracy of records,thcavuhbuuyofMmmmmthdtﬁehmywﬂhbh
and the periodicity of the history. Feasible techniques are determined from answers to these
questions. |
| This completes the investigations into system components. The reader may have
noticed that all criteria 50 far have been factual and have involved o bh’m or preferences.
During the investigation, the sﬁtem asks the user for his judgemnn concerning the
importance of certain items in the firm and for his preferences fof‘tho way procedures are o

be implemented.

33 A Brief Summary
* The questionnaire strategy can now be summarized. By interrogating the user,
the  questionnaire determines the desirability and the feasibility of a set of components in a
planning and inventory conttol system. Feasibility decisions are based on size and data
considerations. Components are selected by taking the user’s preferences into consideration.
The questionnaire Is educational in nature. It pnunu the approach for the
solution of the problem to the user and guides the user in the lnvutlganon of various

altermnvu This strategy is reasonable since only the user can provide data for his
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situation.
Validity checking is important to questionnaire strategy. The validity of
answers is checked both to insure that a believable situation is being presented and to insure

that the user understands the questions.



CHAPTER ¢

This chapter extends the dexcription of chapeer 3. By inuaducing A serles of
refinements to the description of the previous chag}}qg,?;’gg derive a model of the

questionnaire that is a basis for the implemsntation to be discussed in Chapt

3

u hcu Au Dmuu; l’ron Amm

lndevchpmgunmdelomnmmmfmmummvmmub

make a distinction between the user’s responses to questions and the facts derived by the
system. PROCTOR asks questions to obtain the user’s perception of the value of some fact.

the system to determlne hcu cunwnlng the p:oblqm.

The distinction simplifies the representation of the mm It aljows. lli o

organize the questionnaire in terms of facts to be derived and not the questions asked to
derive these facts. For example, in determining the existgnce of common ordering costs in
the firm, we may simply ask the user if they exist. ,lfféth,'e.ﬁ ,mq' annot mpply an answer, we -
can ask if complex orders or multi-item orders exist to perhaps deduce that there are
common ordering cos. In desrbngthe quesonnaos, we ek ony meryon ha the st
of common ordering costs must bo d;mmlned. How we determine thls fact is lnother lssue,
| The distinction has other implications. The user can change his tespome to a
question but he cannot directly change the value of a fact. By keeglng facts W from

responses, we can minimize or eliminate the impact of changes in the user’s responses.
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Suppose that we had determined that theﬂmlm items with multlple vendors from the

user changes his response to "between 20 to 30%, the fact that there are multiph vendor items

?‘rhechmgcmmunr’smuhumd‘fouonthemd the multi-
vendor item fack in other situitions. ” o R

By ‘midking a distinction betwoen Tacts ind responses, we-can simplify the
checking process. Since the user can only change answers, PROCTOR need 6nly check the

w1 data base only if 1t

consistency of facts at the response level. A response is aisért

is ‘yn“ltli:i\“, £y ? Eim %I Mt " uh’ 3 0 TR s U T A o) S

42 Two Categories of Facts
Two categories of facts can be Kidnkified 1h the queitionnaire. The first, the

type | fatt, describes qualitifivé charictéristics of the firm. A type I fact will assert that lead

cimes e vartable of thit quarty dikiuts i sl i pubtvasi irs Hrom vendars.

The Second type of fict, the ipe 2 ﬁct it more quunﬁ&ﬂve "l‘hm facu describe

%

quantitative information to bé ubed in the evakiabion of eomponmu For the procurement

 system and in the deterrination of other facis.'& type 2 fact can state the length of a

At Ty

planning horizon, the number of famiilies possibid by afy

ST L S s - TON

3 }{4; ~¢

ortﬁepuunugeofuum

lxhibumg seuonalmu.

" Figiire 41°gives » list of type I facts 1o be determined when examining & firm.
i Gk FLE T I s g Fan s T »;,a,»:»i~_x\.3"-‘,v¥'§} sy AR sngsy st o U e
The indentations skiow'the relation of these type 1 facts to the ove:all structure of the

questionnaire. Notice that al facts are qualitative and characterize the firm. Notice also that




49

Firm 3
Activities of the Firm
Organization of the Firm
Single or Multi-department
Departments
Overall Problem Size .
Existence of Item Interactions
Truck-lead Economies
Quantity Discounts
Shared Ordering Costs -
Existence of External Constraints
Storage constraints
Supply Limits
Contnct C.ommmu
Seaml Inventgries
‘Inventory Characteristics
Lead-time Characteristics
* Degree of Variability of Lead-times
Dependence on Season, Order-size and Vendor
Existence of lmpomd or Leng Lead 'rm lums '
Vendor.Cl wo -
Existence of Pﬁa Tndcoffs
Existence of Lead Time Tradeoffs
Order Characteristics
Type of Repl Rate..
Existence of compbx Orders
. Existence of Extremaely Expsneive ltems
Demand Characteristics
Limited Sa!u Season Items
Trends =
Erratic Demands
Slow Movers .
Issues of Promotions and Adva'tlwlg
Fashionable Items
Item Life Patterns

A List of Type | Facts to be Determined
While Examining the Firm

Figure 41
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figure 41 does not list specific quantities such as the number or pamnt of items that exhibit
these chanctéruﬂu. | o B
Figure 4.2 gives examples of groups al‘;vtypf't 2-facts that are used‘ in the
evaluation of components in a procurement system. Typo ?fmwlbe d!termtned more or
less randomly since the absence of a value for : typi!ﬁct Qs not u critical for the
successful completion of the session. A fact may hMﬂl&tmtﬁm and lncorponud
into the evaluation of a component. o |
~ This categorization of facts into two types is-#fportant for the model of the

questionnaire. In a later section, we will extend this cutieg

rization and give rules for

deciding when facts are type | or type 2.

43 A Mapping: The Componenﬁ of a Pnguumf!ym and the Strategy for
Investigating the Firm N E-

The questionnaire has an uﬁdeﬂm mc‘wwun. Comider figure 4.1 which
gavea list of type 1 facts to be determvined during the iﬁvﬂﬁm “’Flgure 41 shows groups
of related type 1 facts that describe different upecu o( ;lpe firm. hcu Eqmbtng the status
of truck load economies, joint qumdty discounts and shaud otderlng m are all rehted to
the joint ordering interactions of the firm. Pncts mning price tnd hd time tradeoffs
describe the firm’s vendora |

The questionnaire is structured by mmblning prooedures for determining these
type 1 facts into tnvestzgate activities. Tm investigate jdm ‘ordering interactions activity has,
for example, procedures to ' determine the status:of joint economies of transportation, the

status of joint quantity discounts and the existence of commen ordering costs. Investigate
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Aggregate Plan
Percentage of Items Involved in External Inum:thm

User Judgement of the | 0f the Jtems

Estimated NumberonypaInvdvdlnmehn

Time Horizon : : e
Periodicity

Evaluauon of the Possibility of a Middle lhngg Forecasti

ng Sysem.

mddlena e Forecasting System

Periodicity
Percentage of Seasonal Items
Percentage of Limited Sales Season Jtems
Pércentage of Ttems with Trends
Data Availability,

Order Quantity C.alcuhtlon Routine
Evaluation of the Possibility of an EOQ Routlne
Percentage of Expensive Items
Percentage of Slow Movers
User Preference for Akernate Procedures

cmpaofrypozrms Needed for the Evaluagior
of Components of a Procugement Systen.

| Figures3
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activities may be fnrthir structured by combining low level investigate activities into more
general investigate activities. Thus, the activity that investigates inventory characteristics
will investigate lead time chmctemucs. vendor chanaemm:s and order ;hancterm ‘The
ultimate investigate a:dvuy I the activity to nmuipw tﬁo fﬁm‘* |

The hierarchical structure of investigate activities is shown in figure 4. Type |
facts can be determined by each sctivity of this tree. At the Investigate the purchasing
d?partments activity, we determine _the.number of purchasing departments. At the
investigate the demand characteristics activity, we determiné type | facts cuoeemlng the
demand patterns for items in the firm. |
pé 2 facts. Consider the

The questionnaire is also structured N’d"ﬂd f
basic components of a procurement system. According to Hax s mbt’ftod&ogy. tﬁey can

include:

- a method for family aggregation

- a method for type aggregation

- a family-item disaggregation routine
- a type-family disaggregation routine
- an aggregate planning procedure
- a lead-time forecasting module

-an omder « antlty alwhuqn module

Tlﬁs list could have been further refined. An order quantity routine can include an
Economic Order Quantity cakulation routine, a routine for expensive items and a routine
for slow movers. |

Groups of type 2 facts enter into the evaluations that occur when PROCTOR
considers these components. When we consider aggregate planning support, we require facts

concerning the percentage of items that are affected by external constraints, the time horizon
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Investigate the firm
Investigate the departments of the firm
Investigate the purchasing departments of the firm
Investigate a particular gurchasing department
Invaestigate the item canstraints

Investigate the joint ardering-constrmints .

Investigate the inventory characterisics
Investigatethe lend tine charactarinics

Investigate the vendar characieeiatics.
Investigas the demand charscueristics.

The Structure of Investigate Activities .
Figure 43 '
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and periodicity of tﬁc aggregate plan, the number of prdduu types as well as a .judgement
concerning the importance of the items that are affected by external constraints. We call
groups of evaluations constder activities. When we evaluate the feasibifity, mcamy and
type of aggregate planning component, we are Temlly coksidering the’ sggregate planning

Consider @ivltﬁt-mfh structured according to dependencies that exist
 (See Highre 4.4) From figure 43
and figure 4.4, we can see that there-is & one to.0ne corsaiporitience between the structure of

g

between modules in a general phnhing and cofitralé

investigate activities and the structure of ‘considier activities. In the “context” of each

constraints, for example, we Raturaty consiler 4 aggrégale pnning component, a product
aggregation component and a produtt disagyregaiion comporien

The underlying stircture of the queitionsikive shotild now be clear. Figure 4.3 is

an overall plan for the investigation of the firm. WL ‘dxetuting the plan, type 1 facts are

determined. Considerations into components of the procurement system are initiated

depending on the value of these type 1 facts. To evaluate components, type 2 facts are.

evaluation of components of the procuremerit mtem We use the tree of investigate
- activities as the plan for the investigation of the firm. Investigate activities can lnmaﬁ

uhermvudgawsuwﬂlumnmmminhmnpmmformepmmuym.

It may seem at this point that the questionnaire is completely hierarchical: that

individual investigations may be done independent of other investigations. Unfortunately,

non-linearities do exist.
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Product-family dismggregation routine

Product aggregation method
Scheduling routine
Lead time forecasting routine
Vendor selection routine
Order quantity caculation routine
Forecasting system
Medium range forecasting system

4 Shonnngefmsym

The Structure of Components of aPronmmom System

Figure 1.4



As an example, consider the evaluations for the type to family disaggregation
module. In deciding on a Knapsack or equalization of run out time disaggregation method,
we examine both holding costs and ordering costs. (For small ordeﬂngm or for situations
where ordering costs are smaft compared to hoidirig costs, equalization of run out times is the |
 appropriate disaggregation method) Notice, however, that costs are usually determined by
the activity that investigates costs. When ordering costs are uud::m the evaluations for
disaggregation, they are used 'dut of context”. This non-unumywm ‘conipnate our theory
cvmly‘slightly. Its implications are described in a latér siction.

.4 Type 1 and Type 2 Facts: Their Impact on Strategy
| We stated previously that type | facts are qualitative facts concerning features of
the firm. Type I facts influence the strategy of the investigation. But how?

Consider some typical type | facts. They éan deicribe the size of the firm, the
activities of the firm, the variability of itsvprdedmv‘binfldﬂilmés 'and the demand
characteristics of the firm's items. These facts influence the strategy of the questionnaire. A
one item system, for example, is 3o different from a multi-ftem system that a completely
different strategy for investigation is approbriite in 'ucﬂh‘c;se'. 'fhe strategy for
investigating item demand is influenced by type 1 facts concerning seasonal items and items
with trends.

Depending on their detail, typé I facts are derived at dlfferenf levels in the tree
of figure 43. Characteristics concerning the basic organization of the firm are derived at the
bpper level investigate the firm and investigate the departments activities. The more

detailed fact concerning the variability of lead times is derived at the low level investigate




57

lead time characteristics activity. The scope of a type 1 fact seems to correspond to the level
at which it is derived in the investigate tree. Thus, the fact concerning the variability of .
lead times will influence the stratégy of investigations into lead times. The fact concerning
the activity of the firm will influence the strategy of all activities below the investigate the
firm activity. |

Type 1 facts influence the strategy by determining the procedures to be used in
an investigation. Thus, the procedures that determine facts and evaluate components in the
investigate external constraints activity depend in part on the status of external constraints in
the firm: only a minor amount of processing is done by the investigate external constraints
aétlvlty when external constraints are absent. The procedure for an activity depends on only
a limited number of facts (two or three at the most) and only on features that are necessary
to distinguish between the various procedures for the activity: the procedure for the
investigate external constraints activity will not depend on the degree of variability of lead
times.
| While type 1 facts determine strategy by influencing the selection of a procedure
for an activity, type 2 facts do not. Type 2 facts are data that is used during the execution
of a procedure. Suppose that we have decided that an aggregate purchasing plan is
necessary since a significant number of items are affected by external constraints. We must
next determine if it is actually feasible. The number of variables in the linear programming
formulation (a type 2 fact) enters into this evaluation. We make ouf decision by comparing
this number with some upper bound that is determined by limitations of currently available
LP code. The number of variables in no way affects the selection of a procedure for

evaluating the feasibility of an aggregate purchasing plan. We use the same procedure



regardiess of its vatue. '

Other type 2 facts are similar. The nuthber of farmilies resulting from family
aggregation determines if a procedure for joint'ordering i realistic. But it does not
determine tie procedure for making this feasibility decision. The type 1 fact coticerning the
possibility of aggregating items into families determines the procedure used. 1f fn"niily )
aggregation i3 impotsible, the Protedure is to simply thutthttjolnt ordertng support is,

We now see how this déscription of type 1 and type 2 facts relates to the
they must be qualitative. We need not deal with exact numbers but with ranges and
’gaper:;nattm when deciding on a procedure for ah activity. In sélecting a procedure,
Kfiowing we-Have many or few items I3 Just as useful as Kitbwing we have 4 or 437 items.
Type 2 facts enter directly into evaluations and are by thelr ature quantitative. To evaluate
the feasibility of a component to handle joint ordering interactions, we need at leut an
estimate of the percentage of itéms tnvoived in these interactions. |

Type 2 facts never thfluence strategy. Type | fucts, however, may both influence
strategy and enter into the evaiuation of comporients for a procurement system. Consider
again the evalutions-for the aggregate phan. A procedire for determining thé details of the
aggrégate plan depends on whether external constraffits éven exist (a typé 1 fact). In
determining the details of the plan, we néed both type 2 facts such’ as the number of items
invoived in extemal interactioms and type 1 facts describing the actuaf constiaints. The Iatter
fact determines the kinds of constraints to be iicluded tn the LP formutation. |

The rule for classifying a fact a5 type | or type 2 is now clear: if a fact enters



into the selection of a procedure for an activity, it is a type ] fact otherwise it is type 2
Responses are type.2 facts since they never enter diretly into the sglection. of lptoeedme-
Notice also that.all evaluations are t'ypc: 2 pince they. canngt dmn»ge strategy. If
evaluations were type 1 facts, it would not be poaﬂbhforPRQ;QTQ.R to-cantinue an
distinction to be made is that facts related to the possibility of s component influerice the
strategy but the actual evaluations of the component do not. So an aggregate plan is

possible If external constrints gxist. Type, 2 fac dewrming If ap,

» plan 1s actually

HPRY T

required. The status of external constraints infiuences the Wmm Jaunches

The categorization of ype | 3nd type 2 basimplkcations 0 changing answers. A
change in a response can affect the value of a type.1 of type 2 fact or both. If a change
Mfects 2. type 1 fact then certain other facts roay be inyalidated, Facts. determined during
the evaluation of an aggregais plan become invalid if contrajnis do not exist. Vendor
tradeoffs are impossible if myltiple vendors do not exist. A fyps | fact may affect a type 2
jon-of & type 2 fact.(as is the case
with the evaluation of the, datails of an aggregate. plagniag medule), then the value of the
-~ type 2 fact is affected directly. A type 2 fact may enter in cmmmorm typll

fact directly. If the type | fact is used in the ds

or type-2 facts.. A change in the type 2 fact will affect these facts diractly.

45 Changing Answers; Environments and Direct D

- In the preyious section, we described haw a.type 1 fact affects the selection of a
~ procedure and haw a type 2 fact enters only into the execution of this progedure. We also



investigation. In this section, we formalize these notions.

" As an example, consider the itvestigate Jeud times activity. “The procedures to
be used in the investigation depend on the degrée of “Variabiifty of lead times and on the

status of fead time dependencies. If lead tirfiei are ‘coitarit, We Gin simply deduce that a

component to project lead times will-not be reqiilred. ‘Suppose, however, that tHere are

variabilities. Lead times mayj then depehd on season, on ordér size and on vendors. These

can exist only when the firm has muki-vendor items. - | |
There are various approaches to selectinig a: mmt t6 handle variable lead

times. A forecasting module is possible If fead time dependencies’exist. For variable lead

times with no dependencies, a possible sokition Is to'slid & safdy lead tifiie to the best current
estimate of the item Jead time. Thé procedures for deterrnining the possibility, necessity and
When dependencies are absent, the procedure is to ‘simply’ assért that forechsting is

impossible. When the status of d

We simply assert that evaluations' canitiot be made. More complica

when dependencies do exiit.
~ In evalwating the necessity of ‘a forecasting coimponent, we use facts like the
percentage of items that exhibit these dependencies and their relative dollar value (either

o o the Peksibithy ‘of 3 conpovent I
n Of" thiE necessity of the

actual or based on user M,. Th! :

determined by the availability of lesd time records and the evilluuth

component. “The type of a forecaiing procedure is determined by ‘the detiils of fead time



dependencies, by the availability of lead time records and by tlie evaluations of the necessity
and possibility of a component. - .

These relations aredllustmed in figure 45, The dqnble arrows show how facts
depend on the type | facts tha enter into the nmn of preudum to denrmlnethese facts.
The;;lngle arrows show the dtmct dependcncy of 2 fld: qg facu thlt are uud in its
determination. " )

Consider what happens nhi’n we propou to clnng@tho hg conccmlng the.
varlgbllity of lead times. The facts mnh‘ depondmda my m be lnvalld AII h;u
that depend on these dependencies beoalm quuthmble. 'nme facts all depend on the
mvmumm in which they were determinied. Tho cnvlronmqm is dauminod by the vﬂuu
ouypelmuzmenmmmmmofmmm:metmum |

Suppoae instead that the pe:mnuge of tmmnmd by lead ﬂme &pendenclu
is alvered. The: evaluauon concerning the Recessity of a umpamt is. directlraffeceed when
we clungo thls type 2 fact. The evdumom concernillg &oef “possibility ahd type of a
eompumt m sls0 affected. The mlmnmot nenuuty m dtmtly on the [percentage
of mms afﬁoctogby lead time dependenda. -The evaluations concerning the pombmq and
type of a component have a dmct dependency on the evaluation of the necelsity of the
component. |

| Notice the implications. By changing type | facts concerning the status of lead

tlme' depen&ond@. we can immediately invalidate groups of other facts. These fu;ti are
determined ‘by ﬁrooedum that were selected because lead time dependenchs were present. If
lead time dgpmdencles were absent, these facts would never have been determined uniess

alternate procedures required them. When dependencies are absent, there is no fact



varlabﬂl;y of lead times

status of mulu-vend tems

- order size dependencies

seasonal dependencies

vendor dcpendende&

typeof lead thwe
foremsting mr@onem

B - ; . o)

'kad time fomdng » la;d time foiecasting

eompmem I caﬂ'lpowmt \ :

damavalabiy “dollar value

A ﬁ==== B mn: A enters :mm selection cf ¢ prmdm fwi’B
c é—-—-—n ‘means’ D enters.into @ dctM‘Mim ofC

Dapeudendes in thc Evﬂuuim of A Formung Componem for Lead ’nmes
» 2 Figure ﬁ :
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concerning the percentage of lead time dependent items. Facts are not just invalidated: new
facts become pba;gble. .A new fact might be determined by a newly selected }prooedure. In
contrast, when w:ichnge the type 2 fact concerning the Mp of lead time dependent
items, we do notqo@tontheexhhceoffmﬂmdqnnddlmlymthhtypc?fm The
facts are simply ‘h%ﬂd&&d smm inputs have W To recover, we need only

recompute the fm@udtpn‘mhcchmgd”po?fp
Nwmmmﬁ@mwummmmma the
percqmge of lead tﬁm dopcnddm m: The prguduu for investigating lead times
dMs on the actlvmwof the firm{ For a pmm mm.m need hlly investigate
procurefnem lead times. ’i manucacmnng :ctmmp exist, we must lwmugm both
procurmtandprodm h@m Tppoatunfwmwmmumm:
procarement situation is to mnpémm a lead Mc dmrmlnatlm compomnt The
procodurc for this activity depanas on the muh;,uq -of Im}ftums. I ¢Iud times are

consmnt the procedure is mml: ?or variable qu ﬂlpci. we detemlnﬁ the necessity,

Muqmwpdfmmpuuufwum Thopma@ruforthuc
mvmdmmummm mmmmdmm
mdmmwﬁmmumhdmw

Figure 46 shows the sequence of activities that lead to the determination of the
percentage of lead time dependent itoms. ltshmaho‘hwfmmm;mnhquf
procedures for these activities. (These are illustrated by the double arrows.) \;Ieucthat the
environment of a fact is determined not only by the facts that enter into the selection of a-
procedure for the determination of that fact, but also by all facts that enter into the selection

ofprmednmofmvmuthuhdmm.dmmumefmrﬁ The environment for



. Activity of the firm =mm===——x= Investigate lead times

 Detérmine the “ﬂibﬂm (==== Conslder a lead time: component
of the lead times

Detemine the m of . (,_.=== Determine thq necesity
lend time dependencm - of ; lead time. compnent

Determme the permntage

-of lead. time dependent jtems

The Sequenee of Events to the Determination of a Fact
. Figure4s ~

14]



the permtage of Iead time dependant iwm lnchdu mu cuncqmng the activma of the
firm, thevammmyofmmmmemdmmwm
Atypolfmanuppnrlnnnmvmmofbptht!pelmdtypczfm
These facncanbeinvaudated bychmglngthetygglfm Bl invaﬂdtdngatypelha,\n
can simllarly invalidate other type |1 and type 2 facts. The process cvenmlly terminates.
New facts are now possible since different procedures may now be used. Clearly the side
effects from changing a type 1 fact can be extensive enough to warrant 3 review. of the
session. In reviewing the‘u?suon, we redetermine the values ofun'fm _whose environments
havcchanged (Thisdounotunplythatweruahlﬂwom!) Weahgdminem
factsthatappurinproudumthatmnownm
Ithumllyunmwmmmmy@rw;wzfm

In determining the effu:t of a c!nnge w s tpe 2 flCt. we tna ,btck throu;h direct
depmdmduwfmdaufmthedwdmdkwywhdmymthutype2fact.

Theefmanthmbemmdugwm&dmmdmmpuud

lnchanﬂngntypo!faﬁ.nmyhdmdywmmdlqpclfm
For example, many type | facs depend directy on esponses which are ype.2 facts. We
mmmthotypolchmgcpmdunuhcnacmmmatypzuqnlpkslna;hmg,ctoa
‘typelfact.

~~~~~

that while immdpung Iud time vendor dependencies, | the gtatus of muki-

~ vendor items. Themvhmmfm&:mmdmﬁwqwmm&lmmw« the
fact concerning the variability of lead times. Clearly muli-vendor ksma can exist regardiess

Of the degree of variability of lead times. The problem aris because the stagus of muki-
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vendor items is determined "out of context". The environment for this fact would be correct
If the fact was determined during the investigation of vendor tradeoffs. The problem is
solved by specifying an explicit environment for facts that can be determined out of context.
Thevalueofsuchafactnmumdwdepmdonomynncxpvamandnoton
the compuud environment. | |

46 And Other Things
451 The Basic Activities
" In the above the discussion, I have made reference to activities that appear in
’ The basic activities in the ques&onnaire are "mvédgau;r determine, aik. consider,
check, and upmn " Notice that we have no udvlty for cvahmlons. Ihvn chucn to nu
determine for this purpose: to evaluate compmmt. we mlly dcumtne thc evahntion of
that component Each actlvlty depends on zero of more type l facts that determlne the
.proeedure to be used for its exacutlon | S
_ The procedure for ask'is trivial. Ask merely pmentstquuﬂon to the uur.
checks the answer for syntactic correctness and consistency, and assérts it into the data base
with the correct environment. Ask will not reask a question if it knows an answer and the
answer s slf valid, fe. its environment is still valid. '
| The procedure for a determine consists of a s6t of methods for determining the
value of & typé'1 of & type 2 fiict. Like ask, deterrhine will first access the data base to see if
the fact has a valid value. ‘Determine simply exits if a vaiid value exists. "Oliiicf;viie.‘

 determine tries exch method until it determines the value of the fict. Determine asserts the



7.

determined value of this fact into the daia base with - reoprd o€ the svireoment and direct
dependencies. There are direct dependencies betwesn Jhe fact uumm and all facts
that are seferenced during the execution.of the methads.

© Check does coneistancy checking foe the syam.. 1 & vaed. by the ask activity to
verify that a response is sermantically correct and consigtent with other information. The
mmry for an inconsistency is-£0. either mk he.quesion o, 0 allow, the user to change a

previous response.

Consider initiates -evaluations into compenan
determine activities for facts concacming. the evaluation of MMW%M"‘WW
necessity of the components. Tnvestigate is a set ymagerme. f_conll,qiet,'l'.‘@
investigaie sctvites | | |

ts. ‘Its procedure is a list of

Explain uasimpleaatvuythumelymgbeunrlIMMan explanauon
and if sopmuomuxt. Explain can be invoked by any activity.

46.2 Facts and Their Relation to Entities | |

We have discussad the basic process of determining facts, As they are gathered
and validated, facts are asserted into the data base. In a sityation with one firm and one
department, there is no confusion since each piece of information ﬁgpuqumulmmlx to
departments?
nts of a firm, we. investigate their inventory

the firm and the department. But what happens if there ase two purchasiy

.- When we investigate the departn

characteristics. We may assert, for example, that lead times of one Are.constant and the other
are variable.

Later, when all departments have been examined, mmbok at facts concerning
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lead times over a1l departinents. ‘We would ke to losk-St an‘aggregation of characceristics
over members of a uahmm.&emisthe%ﬂm ifehising departments of the Tirn.
The aggregation may be defined as 2’ ¢onjunction of ‘SR Patts cehcerning meyuf
ftem lead" timés. Altermatively, determine activities may: bie provided for perfarming more
specialized ‘aggregations. For example, a fact coricerning the variability of Jead times of a
departrnent may be inclutied only if the departmant controls more than 10 percent of all items
of the firm. |

We aan implement these ideas by recogriizing thit ‘thete are two busic types of
investigate activities i the questionniaire. We can inveiigate an nfiry or a set of entities
s déattment of the firm. We
may also investigate facts concerning these entities. We investigate, for examiple; the
Entities can be orgunized into a tree or hierarchy that correspond:

where efitity is & fifm, x depaitment of & firm, of a puithi

‘at & very

aggregate level to the structure of the investigate tree. Because of this structure, it is possible
to implement the questionnaire without passing vartibles: In invéstiguiing-a fifm,

ed durteg the investigate
the firm activity are assumied to refer to this firm ufiless' wéexplititly Feference & fact

PROCTOR first identifies the firm. All facts that fre’

concerning another enitity. :

'While investigating the firm, we mayinv%tlgaha purchasing ‘department. All
facts determined within this activity apply to that departrient. “Whien ‘We complete the
investigation of the départment, we agtin use the firm ds the defatit entity. At the firm
level, we may reference facts concerning each of its departments. |

In the implementation, I considered the case with ofie firm and one purchasing
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_department. I did not investigate notions of aggregation with respect to several departments.
I did, however, implement the basic mechanisms for handling entities. Entities prove useful

in providing a structure for organizing facts in the data base and in simplifying the

dumping of the data base.



CHAPTERS

This chapter describes the technical details of the iﬁiplementaﬂon of
PROCTOR in OWL. Readers unfamiliar with OWL are referred to the article by
Hawkinson for a description of the implementation of OWL in LISP and for a summary of

the mminology that we use in this chapter.

8.1 Overview of The Implementation
Conceptuaily, PROCTOR investigates a firm by making a top-down left-rlght -
traversal of a tree such as that in figure 5la. IHlustrated is thé tree for determining the
mmsofemgenqhdnmimmbm. This tree is not prestored explicitly in the OWL
data base: thé tree varies dymmlcally according to what PROCTOR knows. Figure 5.1b,
for example, shows the tree as it would appear if the status of emergency lead times and the
status of emergency lead time price increases were known. |
‘ The tree grows when a procedure for an activity is selected. For a consider or
investigate activity, the procedure is simply a list of activities to be executed. These activities
become sons of the original activity. For a determine aétlvity. we may have several methods
to be tried. These methods have activities which become sons of the determine activity. The

lowest level activities are ask and assert; they form the leaves of the tree.
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Determine the status of emergency lead time restrictions.

Dutermine the mmofmmhd e
Ammm'“m““mmuum

Deterimine the st of eimervency lead time dosindity reatrictions.
Mkthcumdm;mhdm

“Assert the responss to’ afking the statis of ‘emergency lead time quantity

Dwmtnethemmofmmqhdumpmmam' N
Askﬂnmﬁmgmqhdmmm

,,,,,,

A Portion of the Execution Tree
Figure ila

Determine tlic mm;ofmmqlud,dmemtmim;. )
Determine the status of emergency lead time quantity restrictions.
AsK the status of emergency lead time quantity restrictions.
Assert the response to asking the status of emargency lead time quantity

Assert that emergency lead time restrictions are present

The Execution Tree for a Differant Situation

Figure 51b



5.1 Two Modes of Operation

PROCTOR has two modes of operation: toplevel mode and analysis mode.
The toplevel cycle is trivial. PROCTOR repeatedly asks the user for a request. In toplevel
mode, the user may request that PROCTOR dump the data base, change answers, print
evaluations, or enter analysis mode to start or continue the investigation of a firm. Analysis
mode can at any time be interrupted for a return to toplevel. Figure 5.2 presents a flowchart

which shows the basic cycle of PROCTOR in analysis mode.

5.1.2 The Basic Execution Cycle

At the beginning of its cycle, PROCTOR selects an activity for execution from
an event tree. (For purposes of this overview, we will assume that the event tree is a stack.)
Let us assume that the activity to be executed is the a?:tivity to determine ihe status of
emergency lead time restrictions. Figure 53 gives an OWL representation of this activity.
The English translation appears in figure 5.4.

This activity has a prerequtsite that must be satisfied before a procedure may be
selected. The prerequisite states that the status of emergency lead times must have been
determined: before a procedure is selected, it should have a legal value or be unknown.
Suppose that the value of the status of emergency lead times is undetermined. PROCTOR
will satisfy the prerequisite by making

[(DETERMINE (STATUS (LEAD-TIMES EMERGENCY)))]
the next activity. PROCTOR resumes execution of
[(DETERMINE (STATUS (RESTRICTIONS (LEAD-TIMES EMERGENCY))))]

once the status of emergency lead times is determined.
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ACTIVITY |
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The Basic Execution Cycle of PROCTOR

Figure 52
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KDETERMINE (STATUS (RESTRICTIONS (LEAD-TIMES EMERGENCY))
PREREQUISITE:
(HAVE-DETERMINED (srAws (an:nms mnowcv)»

{: (WHEN (STATUS (u-:AD-'rlm zum)w \BSENT))
(METHOD: (ASSERT RSSEN‘m SN e

[: (WHEN (STATUS (LEAD-TIMES im:ncmcv) PRESENT)))
: ms:mom mm; ,‘
o TR (ORe -
: (smrus (QUANTITY—RESTRICTION
JES.EMERGENCY)) PRESENT)
(STATUS (PRICE-INCREASE
, (memamcv» PRESENT)))]
[METHOD:2 (ASSERT uwm oy
(IF (AND:: :
(STATUS (Qumm‘m wmeﬂon
(LEAD-TIMES .EEMERGENCY)) ABSENT)
(STATUS (mcz-mcnsnsz
' a.smmwﬁnmmcw ABSENT))]

mmomwur UNENQWNIT .. \
i (WHEN (STATUS (szu -EMERGENCY) UNKNOWN)»
(METHOD: (ASSERT 'UNKNOWNX]
Activity and Procedures for Determining the Status of
Emergency Lead Time Restrictions
Figure 53
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Determlnethgsnnuofmrgmqludume estrictio
mpmqumuuﬂmmm:ﬁwq&dd«ﬁubedmma

Dmmethesutusofmrgmqludummmmmrgmqkd

tlmumgbmc :

Mcmmmm _—
Mmetmnmsdwqmmmwhmmrpnqlad,_
times are present: ' ' "

Method I: Assert that they are present if emergency lead time quantity .

restrictions dre present or s are present.
" Muthod 2 Asiert that thiéy ire abibni if smergency Wad time quantity”
mmmmmumwmmabmpg

S it

of rergency lead time quantity
‘gntéd :}LM&.%PM increases is

Method 3: Assert that the atus
restrictions and the status of @
unknown.

SRR

Determine the status of emergency lead time rutrlctlom when the sutus of_T
emergency leld times'Ts unknown.

English Version of the Activity for Detérmsining the Stats
of Emargency Land time Resrictions |

Figure 54
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Suppose now that emergency lead times are known to be present. The
prerequisite is satlsfléd and PROCTOR can select a procedure. Procedures are activities
that are specialized by a when condstton, a predicate concerning the type 1 facis.that are in
the prerequisite.‘ PROCTOR selects

[((DETERMINE (STATUS (RESTRICTIONS (LEA
(MHEN (STATUS (LEAD-TINES |

CY))))
1)))1

as the procedure for determining the status of emergency lead time mmcuons. |
| | PROCTOR i now ready to execute. It updnm the event tree to show that a
procedure has been selected and that execution, husnmd.mdpm&tla procedure to an
interpreter for determine activities.
}' The deﬁmﬂmtnmpnm executam:tbd; oftﬁe procadure until one succeeds |
in asserting a value. Notice that a method may have an optiona! condition: a method is
tried only if its associated coridition is true. Notice also that it "upmame that a fact in a
condition might be undetermined. The determine lnterpreter an suspend the execution of
an activity to request that PROCTOR determine an, mdemmimd fact. (The event tree
proves useful for saving the state of execution of the sus’pcndcd procedure) The determine

interpreter continues execution once such a fict has been determined.

Let us suppose that emergency lead time price restrictions are known fo-be

present and that the status of emergency lead time quantity restrictions is unknown.

[(IF (ORs::
(STATUS (QUANTITY-RESTRICTION (LEAD-TIMES EHERGENCY)) PRESENT)
(STATUS (PRICE-INCREASE (LEAD-TIMES EMERGENCY)) PRESENT)))]
evaluates to TRUE and PRESENT is asserted as the value for the status of emergency lead

time restrictions. The current environment and the appropriate direct dependencies are



recorded with this value, ,
The event tree is updated to reflyg;tumpm of the execution of the

PROCTO;!‘: activities have the same basic.representation, 11

the example of figure 53 and the fallowing examples: .

[(INVESTIGATE (CONSTRAINTS (DEPARTMENT PURCHY
[METHOD: o
__(EXPLAIN (Chlw‘{ AGGREGATION)). .
" (EXPLAIN m JOINT-ORDERING) )

(INVESTIGATE ((maﬂm -ﬂl%‘.

[(DETERMINE (STATUS mecmns SALES)))
DEPENDENCIES: NONE
(METHOD: (ASSERT (RESPONSE (ASK QSIM’US ~

An activity may have ovt.iml pr-mmmwnd dcmqu attributes. The
prerequisite i3 a con junction of assertions that must be true hefore PRQQTOR, can select a

FOS SALEB))I L

procedure for the activity. The assertions specify that certain type | facts must either be:
determined or known. _

[(HAVE-DETERMINED (STATUS (LEAD-TIMES mvnu . |
for example, states that the status of emergency ludeum must have a legal value or be
e-hecause & procedure exists to
explicitly handle the case when the status of emergency.lsad simes. is unknown. An.assertion

unknown. We use HAVE-DETERMINED for this exa

can alio specify that a fact must be known. In this case, the fact must have a lagal value
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 before a procedure is selected. PROCTOR tries to satisfy the pfefeﬁuislte predicate by
determining tie values of undetermined facts before selecting a procedure.

The dependenicy attribute spectfies an explicit environment for an activity. It is
a con junction of type 1 facts that can be used to create an environment to override the
general environment mechanism described in Chapter 4. 'PROCTOR détermines the values
of all fucts in théupudtmvm before it ‘executés an mmq mme above exampk.

explicit environment and does ot infhert ta'gm’" iai environment.
A procedure for theamumofmammqnbt&MMMﬂq itself or a
vhcn spcctalmtton of the mtvlty In fhe examiﬂ”e of flgure 83,

LC(DETERNINE (STATUS (RESTRICTI
“(MEN ﬁ%ﬂs SRENDT

is a when spectaltzatton and ‘
[(WHEN (STATUS «.w-mes EMERGENCY) PRESENT)I]
mustbetrueforthum:pedaﬁmlmmbeaw

" Each when specialization of an activity as wefl ‘as the activity itself can have a.

method. A when specialization may inherit thethods and Thethod details from its parem

activity. Thus, for situations where only 1 or 2 when specializations needspedal "me‘thdds. we

define these when specializations and ‘fet other cases use the method of the activity. An

activity rieed not have any when specafizations.” 'k " “
[CINVEST{GATE (CONSTRAINTS (DEPARTHENT PURCHASING) 1)1

is both an activity anda procedure Tor the activity. Notice'that It is'an error if a procedure

with a method cannot b selected.



5.3 Data Structures Used by PROCTOR

PROCTOR uses several data structures during. mamdou Tm m the
event tres, the entity tres, a set of envtronment mma wqm«. Thc avent tne
controls the execution cycle of PROCTOR the enﬂty tue orgmius facts in the d&u base
and relam them to thc firm and its purchuin; dopammm. the qnvkonmcm tree: md

used-by lattice are uwd in the change answers proadure. Al structures are implememed in

the OWL data base.

53.1 The Event Tree

The event tree controls the execution of PROCTOR thmb-h and 8.5b. show :
a portion of this tree as it might appear dmﬂumd tho lmmﬂgm mlmn&nu
activity. (PROCTOR has just determined the nouuuy and fenlbillty of a compmem to
handle joint ordering constraints. It is about to.avaluste dmtmd‘ tblnponm necessary to
handle these interactions)

Each nodeofthotruoonupmdswmwmtofthcmmmwhkhmmm
corresponds to the execution of an activity. Tbtmtkdwb!y W to make poulbk
upwards and downward traversal without the tse of auxilhry m v

Thereuaconunmtion ammwiﬂnmhﬂ:dtdtheﬂmtm
This attribute ls a LIFO Hst of aetlvmu that must be exocuud bcfon the completion of the
~ event. Activities are added to a continuation by PROGTOR to satisfy a prerequisite, by
individual activities during their execution.and by the change answers routine.

PROCTOR maintains two pointers into the event tree. TOP-EVENT points to

the topmost event of the tree. This event corniponds to the activity
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[(event 10)
calling-event%: (event 8)
-called-eventst: (event i) (event 12)- |
activity%: (investigate (constraints (dcplrtmu\t purchuln‘)»
- continuationt: (eplatn {eonsirainés external)) -
(inmugm ((mm ummxdwm purchulns)))]

[{(event 11)
aalling-eventt: (event 10) '
activity: (explain (constraints joint-ordering))]

[(event 12) ,
calling-event%: (event 10)
called-events%: (event 13)
activity%: (investigate ((constraints joint-ordering)department purchasing)))
continuation®: (consider (aggregation family))) ‘

[(event 13)
calling-event%: (event I2)
called-events%: (event 14) (event I7) (event 20) (event 2&)
activity®: (consider {constrainty: jointordering)} -

{(event 14) '
calling-event%: (event I3)
acuvm (determine (status (constraints pummmg»)

[{event 17)
- calling-event®: (event 13)
activityt (determlne (evaluatlon
necessity (systém-component (hanidie (constraints joint-ordering)))))
prooeduret ((dmmtm (evaluation (necessity (:ym-cmponm ,

(handle-{constraints:Joint-ordesagh)))) - o
(when (status (constraints jom-wdcrlng) pmmt)))
sebcﬂon-vahat (statuss ((somstinints

joint-ordetng) '
(((dcputment pnn:huiug) l)((ﬂrm l)(m ) pment)]

- A Snapshét of the Event Tree
P
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event 20)
aalling-event%: (event 13)
activity%: (determine (evaluation
(feasibility (system-component (Mndh (constraints joint-ordering)))))
procedure®: ((determine (evaluation
(Feasibility (system-component (hudh (constraints joint-ordering)))))
(when (status (constraints: joit-gwiering) present))
selection-values: (status ((constraints

Joint-ordering)
(((department purchasing) IX(firm 1)session 1)))) present))

[(event 24)

aalling-event®: (event I3)
activity%: (determine (evaluation -

(type (system-component (handle (constraints jomz-ord«m))»))
' procedure?®: ((determine (evaluation

(type (system-component (handle (sonstraints joint-ordering))))))

(when (status (constraints joint-ordering) present)))
selection-valuesX: (status {(congtraints joint-ordering)
(Udapartment purchasing) m«mwm» present)
continuation®: (method (determine (svaluation (type (system-component
(hnm {conatraints joint-ordering)P)))

Continuation of Figure 55
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[(event 8)]

[(9/ent 10)]

e
7
Ve
7
7
p ~
[{event 11)] [{event 12)]
[{event \13)] CURRENT-EVENT
s
- - / \
-~ 7/
P 7/ \
& L v
[(event 14)] [(event 17)] [(event 20] [(event 24)]

The Relationship Between Events in the Snapshot

Flgure 5.5b



[(INVESTIGATE (SESSION A))). The second ,gg,lmq,_.gagl@l};};ﬂTﬁYENT,;%hkh
points to the event that i3 currently being executed.

The event tree is used primarily to sequence activities for execution. The
activity to be executed next is always the first activity on the comlnum:m of
CURRENT-EVENT. Otherwise, if this continuation is empty it u ﬁmacﬂvuy on the
ively gml rmcron reaches

“when there is no’next

Ay 4

continuation of the calling event. m mk u‘ _ " I

TOP-EVENT. PROCTOR imply réturfis to the tog level 160p
activity. R R

" The event tree is pruned whenever the ekecutioh of anevditit eomplem. | Thus,
the events lnked: by dotted-Hnes in figure 535 do nét’ exist"when we execute
E(EVENT 26)). A saved event tree may have been useful, especially in the generation of

tree. This deficiency cin be overcome: the tree 13 u‘nly mrumd by rmmputlng;

Wp‘mwtﬁm : : » ' B "‘;3_;»"_,,";
Each node of the event tree may have additiondl § s, Sabection-vil

an “instantiated” assertion concerning the value ot tml 1 Igﬁ} mm lu thl m
of a procedure for the activity.  (See section 53.2.1 for a Wmm;;{ instantiation.)
Selection-values are used in the determipgtion. of. snximnments. An.evept may Abo have a.

TRE

dependency attribute that apecifies the explicit environment for Wuy

53.2 The Entity Tree

Entities are object. in the user’s werld, . In the-cureant: impleraentation, entities

and sets of entities can include sessions, a particular session, the.firms-of 2 session; &
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particular firm of a session, the departments of a firm, the purchuingdepartmu of a firm
and a particular purchasing department. These are represeriied in CWL as |

[SESSION]

((SESSION 1))

[(FIRM (SESSION 1))]
CC(FIRM 1) (SESSION 1))]

[(DEPARTHENT ((FIRN 1) (SESSION 1))))

{( (DEPARTMENT PURCHASINGT ( (FIRM 1) (SESSION 1)))1
[(((DEPARTMENT PURCHASING) 1).((FIRR. 1) (SESSION 1))))

Figure 56 shows the structure of a set of entities for a hypothetical data base.

PROCTOR maintains a pointer (calied CURRENT-ENTITY) to a node in this
tree. CURRENT-ENTITY is the entity. g:r‘sgt of ,gpd;m that is currently under
lnvutt‘:gtlgn.

A new entity can be created whenever PRQCTOR executes an investigate entity
activity. PROCTOR can be told to investigate an entity, to investigate the entity, to
investigate Ma&m or to 'invudgic a set of entities. Some examples are:

C(INVESTIGATE (FIRM A))) .

" [UINVESTYGATE “(FTR THE} )1
[(INVESTIGATE (FIRM ANOTHER))1

~ [UINVESTIGATE TOEPARTHENT FiRm)1,

The new entity depehds on both the CURRENT-ENTITY and the investigate
activity. Consider figure 58. For a CURRENT-ENTTTY of T1(EIRN 1) (SESSION 1)1
and an investigate actﬁit'fd‘ ' S o

[(;NVESTIGATE ((DEPARTMENT MCHASIII;) ANOTHER) )1,
the new current entity will be |
[{ ({DEPARTMENT PORCHASING) 3) ({FIRM 1) (SESSION"1)))T.
CURRENT-ENTITY isset to



-

-[SESSION]
SESSION 1) (SESSION 2)]
FIRM (SESSION 1))

[(FIRM IXSESSION ] r«m;M 2XSESSION 1))}

a8

KDEPARTMENT (FIRM IXSESSION )]
[((DEPARTMENT PURCHASINGX(FIRM ‘;i(ssgs-xon,, )
t«(m-:pi;nmr.m puxcmsmd) 1)«mu ;)(ssssxoﬁ"i»)l .-'.:‘[(«nspkamr!Puk:émsmcrzx(mu IYSESSION 1))

A Tree of Entities

‘Figure 56 -



[C((DEPARTMENT PURCHASING) 2) ({(FIRM 1) {SESSION 1)))]
when the activity [{INVESTIGATE ((DEPARTMENT PURCHASING) THE))] is executed.
(We find the most recent purchasing department investigated.)

[(INVESTIGATE ((DEPARTMENT PURCHASING) A))] indicates that PROCTOR
should find tﬁe most recent purchasing department mvmtguted or else create a new
purchasing department entity. | |

These ideas are easily extended. By specifying selectors such as all, each, first,
second or previous, it is possible to implement investigat activities that inves,ﬁ‘ﬂg sets or
tha't‘ lter&}e through members of a set. |

The CURRENT-ENTITY must. hc reset when an tnvestigate entity activtty
completes execution. When PROQTOR Creates a new cmlty. it phces attributes called
previous-entity and m-enmy on. the event eomapondlng zn»%he exeewon of thg investigate
entity activity. PROCTOR simply sets CURREN'B-ENTITY to the value of the
previous-entity lttﬂbuu once execution of the;Jnvuumk mtity activity is complete. The
new-entity attribute is useful ‘for resetting entities when PROCTOR travels down the event

tree.

53.21 Instantiations
PROCTOR uses tnstanttation to relate facts to entities in the data base.
Consider the fact [{NUMBER ((DEPARTMENT PURCHASING) FIRM))1. This fact is
insunﬁnted to
[(NUMBER ( (DEPARTMENT PURCHASING) ((FIRM 1) (SESSION 1))))]

when CURRENT-ENTITY is [((FIRM 1) (SESSION 1))]. The instantiation of
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L(STATUS (CONSTRAINTS JOINT-ORDERING))) b5

[ERTE LT Ty

[(STATUS ((CONSTRAINTS JOINT-ORDERING)
“CCDEPARTMENT PURCHASING) ‘1) (PN 17 (SESSION 11)1)))

 when CURRENT-ENTITY i B
[((FOEPARTHENT PURCHASING) 1) ((FINY 1) (MSION 1))17.
Wus dufine & :ummy

danmquumymmmwuamuXmM%&& A superentity of

mentltyxisanymﬁtythnappursuafaﬂmd)(lntlnmﬂtym This implies that
[SESSIONT is the superentiy of allenites. | P R

“The ﬂrit ex!mpk, LI i g Uawi oy g N

, MI
[(Flm SESSIWH ‘ ,‘
[(DEPART! T Flﬂﬂl] L
( ( (DEPAF :
[([EPQRW PURCHASING) ], s v

are instantiated (depending on CURRENT-ENTITY) to contain’ =~

[(SESSION 1)]
((FIRM (SESSION 1)))

(C(FIRN 1) (SESSION 1))1 .
uu—:uanm CFIRY n (SESSION 1)m ' .

In maklng explicit instantiations, there are thres cases: %’MPWWH !;.m be a

‘subentity of the class of entity that is raquired;. it Gan.be 2 Juperenty ct the class of entity
, vm@: simply retrieved

by searching the tree starting at CURRENT-ENT;IY R is an error ) ap entity of the

that ls‘iequlred; or it an be of the correct cllm. “Tn each cu;.»

correct class cannot be found.



The second instantiation example iliustrates dcfcidr th}tantm A concept
may have a DER]VED-ENTITY dn;rwm its rd‘mu;&(ot on thcnfcnnee list of a
generalizer). Such a concept is calied a dertved entity. ([VENDORS] and [J TENS] are
examples.) PROCTOR spesializes a derived entity by CURRENT-ENTITY when there are
no instantiations by either a subsntty or supeseqity of CURRENT-ENTITY. Otherwise
PROCTOR uses the instantiation that aiready exists. .

533 The Environment Tree

‘l‘he _v,alpe of a f;gg d\e_pe,qd_s,‘ on the environment in wp,ich that value was
determined. An environment is represented by the concept [ENVIRONMENT] specialized by a
con junction of instantiated assertions concerning the values of facts that are contained in the

LACTIVITY FIRM)] and
L(STATUS (CONSTRAINTS JOINT-ORDERINGL)],

that apply to the entities

C((FIRM 1) (SESSION 1))] and ,
CCC(DEPARTHMENT PURCHASING) 1) ((FIRM 1) &3&1@1)))],

and whose values are mmztm ‘and mmtl.ﬂumvmmhww“‘ by

C(ENVIRONMENT L
(AND (ACTIVITY ((FIRM I)(SESSTON 1)) PURCHASING)
(STATUS

(((DEPARTMENT PURCHASING) 1) ((FIRN 1) (SESSION 1))))

, o e “

Note that the grouping AND is represented in OWL as a concept which has an

element property whose reference list contains the members of that grouping. In :
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PROCTOR, we use the concept LCC(AND X) Y) Z)] to represent the grouping

[(AND X Y 2)1.

'

With this representation, OWL arranges qvw into a tree. Suppose we
had the environments, | -

[(ENVIRONMENT X)1, ,

((ENVIRONMENT (ANO A B))],

[(ENVIRONMENT (AND A C))],

[(ENVIRONMENT (AND A B C)))
and ((ENVIRGNMENT 4AND A B D).

TMOWLMbanpmnluunotrav«nthmqvmuulfthqwmmcmud as
the tree in figure 5.7. We take advantage of this representation when ditcrm‘lmng the

validity of environments in the ohmpam\nn routine.

* An environment is easily derived from the event trée: It Is a conjunction of the

selection-values attributes that appear on events in the path from CURRENT-EVENT to
TOP-EVENT. An exception occurs when an event in this path hu a dependency attribute.
The environment for this cne is a conjunction of the dapcndeacy'nttrlbute and ‘all
selection-value attributes that appesr on events in the path from CURRENT-EVENT to the
event with the first dependency attribute. |

Each environment is given a value of TRUE, FALSE or TO-BE-CHANGED. A
newly created environment always has a value of TRUE. An environment is given a

TO-BE-CHANGED or FALSE value when the vakue of a type | fact in that environment is to

be changed or when the value has changed.
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(ENVIRONMENT A)]

N\

{(ENVIRONMENT (AND A B))] [((ENVIRONMENT (AND A C))]

N

KENVIRONMENT (AND A B C))] KENVIRONMENT (AND A B D))]

A Tree of Environments

Figure 5.7



53.4 The Used-by Lattice I
Chapter 4 discussed the notion of the direct depéndency of a fact on the facts

that enter into its determination. In the implementation, We ‘record mawd«m s by

giving each fact a value-used-by attribute. The refarsnce i of the ¥ He-usd-by attribute
ofafactholdsallftmﬂmhlnm!dthenmonhufm o

| | ‘rho vnhn-uud-hym&aununpuua ,,}r_;udch;ontmtnthc data base,
l-‘actAcmmbdonmelnthhorthmelgiﬂMvﬂuatfmAumdinthg

determjnagion of fact B. In other words, fact B, appesrs on_the refarence lss of the

value-used-by attribute of fact A. Notice that clrcularities Annat exist: there is no feedback
in PROCTOR; afmAm«pumma'fmnmmmwmfmA

The uud-by hmce is easily malamnod b1 mung 95‘ g proudure called
FIND-VALUE. FIND-VALUE places fact A in the valye-used-by attribute of facs B if the

.
SR S

value of fact B is referenced in the detemlnmnn of factA.

5.4 Back to Basics
5.4.1 Values

Vl‘n pmlous sections, we dmlbed m g how PROCTQ]! mﬂnulm values
ln the data bue. We wlll summmetheducﬂpnm in this section.

PROCTOR maintains a distinction between uhm of facu and values of

rupomawquuuom. The concept for valucdthumdmom&aofmmum
~ for the entity [(((DEPARTMENT PURCHASING) 1) ((F1RM.1) (8\5@510! 1)))) is
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[(VALUE (STATUS (ECW‘IIES—IF-TRANSPMTATI[N
(((DEPARTI‘ENT FWMSHB) 1).((FIRM 1) (SESSION 1)))1].
The concept for "response to the question concerning the status of economies. of
transportation” and for the same entity {s represented by

[(RESPONSE (ASK (smus (ECONOMIES-OF -TRANSPORTATION -
( ((DEPARTMENT PURCHASING) 1) ((FIRM 1Y (xséiim 1)i)1.

 The first position of the reference fist of each of tﬁeie‘mnoepts comnm_q value

that can be one of UNDETERMINED, UNKNOWN or some legal value. A'value of a fact .is_
UNDETERHINED if there has Beon no anempt 10 determine is value. It s UNKNOUN if the
user specified a response of UNKNOWN o if PROCTOR unonlymertavaknof unknown
due to lack of information. L
“Eaeh fnmntlmd fact/response conccpt has a vaiuc—und-by attribute, an
environment attribute and a cruﬂng-acﬁvity attribute. ‘l'he vulue-und-by atmbute hu
been explained in section 53.4; the environment utrihm contains the mvtronment for the
fact/response; the creating-activity attribute contains the activity that created the value. The
creating-activity attribute provides quick access to the activity for the determination or
asking of a fact. o
The ‘fact/response concept may also have a 'pré‘l?imln_a‘rvy-value or
prellmlnary-fespoda attribute. These are unciassified attributes that e usedby the change

routirie for temporarily setting the value of a factiresponse to undetermined.

5.4.1 FIND-VALUE and SET-VALUE
FIND-VALUE and SET-VALUE are functions that maintain and provide

access to values in the data base.



FIND-VALUE takes a concept as an argument, instantiates that concept and |
returns the value of that concept. The rule for FIND-VALUE is straightforward: if a
preliminary-valuelprellmlmry-ra;popsg a;;ﬂbuue_ exm. return itl; valuq if no valueexists.
return UNDETERMINED; if a valuuxlm &u the mvlrﬁlmthdunluc of FALSE or
TO-BE-CHANGED, return UNDETERH!NED' othmm ntnrn ﬂll Viﬁll 'FIND-VALUE:
updates the value-used-by wmme only: i tﬁe m nht i! t lgni ‘non-preliminary
value. ) | ]

SET-VALUE takes a concept and a vakie i3 gimeiits, muntum the concept

and correctly set its value. SET-VALUE akso umm nny pnﬂmmrrvaluc, updam tho:
creating-activity tttrlbute. sets the envlronmmt and removes all rct‘crcnces from the

......

envlronmenuwhenitmavulueforatypelfmthumpubmchm;ed

5.42 Evaluating Expressions - | o

In PROCTOR, expruiiotﬁ' occur as oondkhm on methods of determlne and
check activities, as conditions in prerequisites and' Whdr' spiciatistions, and as arguments of -
assertions in dm activities. The syntax fwupm is described by the BNF of
figure 5.8. |

Expressions are evaluated by recursively applying the rﬁlu of figure 59. Notice
that an exgm' can evaluate to UNKNOWN or UNDETERMINED if data is UNKNOWN or
UNDETERMINED. Notice also that BE is different from EQUAL. BE can compare a value to
UNKNOWN without evaluating to UNKNOWN. -

MINIMUN, MAXIMUM and AVERAGE are both unary and n-ary operators. The
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condition == (IF predicate) | (UNLESS pmme)lnnmnse [
(HEN predicate)

predicate =« (AND ‘predicate; predicatey ... predicate) | =
(OR prdhu.prdtuug PMW'
(BE._ value) fact) | (hep 4 ", sugressiong)
(l(l‘l‘ptdmt)lmw&si

~ expression == (bop expression, expression,) | (uop expression) |

bcp == GREATER-THAN | LESS-THAN | EQUAL

bop == QUOTIENT wnmaaence

nop == TIMES | PLUS | HAXINUN m:iunun | AVERAGE

uop == MAXIHUN ININIPUN | AVERAGE |MINUS
uhnmhtq«lmpdmm-lnmnnmbul’m
fact == an instantiated value fact | an instantiated response fat

BNF for Expressions in PROCTOR
_Figure 58
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When x and g represent values of facts or constants,
Y 5"‘“‘%"“" 1 ny = CTRUED
t - Q - -

T i x TR ) ‘fm’“-“"ém FALSE) v

] AY®
(e w: uﬁm
TUNKNOWN] if (x = [UNKNOWN] A y - ALSE! A mrsmnmnv
(x » [FALSE] A x - mv&m ;ﬁ%ymm)

[(OR x y)] evaluates to
[TRUE] if x = [TRUE] v y = [TRUE], , -
[FALSE] if x = [FALSE] A y = [FALSE],
-mmmmuu.‘nsmmn -w {TRUEY) v
(x- (TRUEl Ay = TERNINED]),
. JUNKNOWN] if (x = AYm MA% TEAMNED]) v
xm A x » [UNDETERR lny- ml).

LTIF x)) evaluates to x.
[(HHEN x)] evaluamtox

[(UNLESS x)] evaluates to [(NOT x)l.
CI(NOT x)1 evaluates to
{TRUE] if x = [FALSE],
FALSE] if x = [TRUE],
TUNKNOWN] if x = mmm
[UNDETERMINED] if x = MTEMU&DJ

When op = bop | bep | nop,
fop xy))is |
[UNDETERMINED] if x = [UNDETERNINED] v y = [UNDETERNINED],
WM]W@-W]AED INED]) v
(x » CUNDETERMINED) A y « CUNKNONNT),
op(x.y) otherwise.

[((BE x) y)]is
{UNDETERMINED] if x = (UNDETERMINED] v y = [UNOETERMINED],
X = y otherwise.

[Cuop x)1] is
{UNDETERMINED] if x = [UNDETERMINED],
CUNKNOWN] if x = [UNKNOUN],
uop(x) otherwise.
Rules for Evaluating Expressions in PROCTOR

Figure 8.9



unary version applies only to range quantittes which m values such as mu m-,w and

[>188). These unge qm&tumwud hyth nmpt&

I(OUANT!!% ms-m a—am :

C(QUANTITY (BETHEEN (AND 24 58))))

[(QUANTITY (GREATER-THAN 188)))
The maximum of [<11] is IO,ﬁ 24-58] hiﬂlﬂl of mm»naoo. PROCTOR assumes
a bound of mmmmmfa Mﬁ’m%mmwfﬁul is
10, of [24-58] u21andof [<11] uO.Nodoemltqmnuduinnngummntnmm

Theavmgeofanngehnmplytheavmgeofthemmnmandmimmumofthatnnge.




8.3 Executing a Selected Procedure

PROCTOR uses special interpraters.ta execute prosedures fc

activity. These are described in the follawing ssctions,

551 The Ask Interpreter

The following are examples of ask activities: ..
L(ASK STATUS)
CRESPONSE:

1YPE:: YES-ND
(TRANSLATION: s ABSENT PRESENT11)

| ’"une‘ THERE -

(TEXT [(ASK (NUMBER" FM"JES”
[RESPONSE:,
' TYPE:: SINGLE-CHOICE
* (M NARY FAMILIES OR GAOPS OF RS 1&%};’?” PO
Each ask procedure has a response aitribute which forms the basis of its
method. A response is described by a type attribute (description, yes-no, yes-no-vilue.
single-choice, multiple-choice or value), a text attribute, and depmdlng on the type, a synux
atiribute, an options attribute and a transiation atribulbs, The sext atiribite is created by the
TEXT function which converts a list of text into an lnmlnpma\tmon (See section
5.7) Syntax, translation and options are defined as gmpings. Synnx is'an ordered fist of
predicates that ate applied to a mpome to insure its synmic correcthess. Transhation is an

ordered list of values that are used to transiate a yes-no or choice response. Options are
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printed at the terminal for single and multiple choice responses. The options attribute can
replice a transition sttiibute when a translition fiéM i abient.
We make use of OWL's ability to inherit propertiés wheri defining ask activities.
[(ASK (STATUS ECONOMIES-OF-TRANSPORTATION))1, for example, will borrow its type
and translation attriﬁute from [(ASK STATUS)]. In general, misslng attributes cin be
inherited from any generalization of a response. o
The ask interpreter checks the consistency of a syntactically. correct and transiated
response by calling the check interpreter. It eventually usem\the response by using
SET-VALUE which correctly instantiates the fact and updates its’ enVirdnment.
n normbes :m"*“q;m ta a question.
Each imumhwd mponu W has 2 quutlm-mmﬁa tiftl!mu on itg rd‘mme list.

The ask mwpm recordy the

There is also a [(QUESTION n)] concept whkhmmﬂnuynnuamdmpmu concept
on its reference list. The ask interpreter is intelhggm enough ho knoaithat a new question
wnpmiwnymuqum Iiwmnouskuquuuon if
the previous response to that quutlon is still valid.

number should not be

i, 54

5.5.2 Thg Investigate Intgfpfetq .

A procedur for an invesiat activy I3 an ordered st of deermine, conir,
explain and investigate activities. (See section 5.2 for an example). The ,lnvzémsatl
Interpreter SIMply pushes the activities of 1 method on the continuation of the current avens

(in reverse order of course). PROCTOR executes these activities when it continues ity cycle.



553 Tho Consider lnterputu "

A m sctviy oy m version of ;amu, jgate actiyity. PROCTOR

uses a m interpreter to 'mﬂw ide

55.4 The Detmnlne llmrprcur

Thefolmmuanmud;dwmm

[(DETERMINE (STATUS LOB-LEAD—T"EH TEMS))
C mrepisl -

(ASSERT °PRE

T UF tORy (R

ISTEP: 32 (wv 'm, . m,,.»‘% o ay L3 y L
HE (AN ONEARONEE" TASK 11 \TUS -
] *""i‘»i" s

* The procedure for'& détermine activity ‘cil have oAé or more methods. These
are:executed sequenitially unist s’ thethod ! fuccebds: il Al
LISP COND) It is an errer if no methiod iuctesds’”

Each method may have one or more steps defined for it. Kﬁnﬂe sep ikl
expressions: L{IF condiion?, {(UNLEDK csaio) P UTNERAIEE "~ OTHERMISE” st

the execution of a'methed: - - ¢ ST



100

Each step may have an activity and zero or more tlmz coni;;dcftons wt’ni:ch
contain additional activitles to'be executed a3 part of a step.’ The activities of a determine
are ask, determine, exphuin, sty commént and assert activities. Suyumpty prints text at the
terminal; comment prints text at the terminal and stores the text with the fact for prinung
when the data base is dumped; assert asserts a value for the fact being determined.

The determine interpreter makes full use of PROCTOR and the event tree
~ when it executes a procedure.

The deurmine interpreter first checks the current value of the fm to insure that

St 0

nlm cth Otherwise, the

it is invalid. It immediately, retwns to PROCTOR it

determine intetpreter plqm euh of the mathm Qf b;e Mermine procedure on. the

continuation of the event for the determine activity mdm:ms;w MOC%‘GR

PROCTOR recagnizes. that methods Aré.om

s H

and calls the continue-determine tnhrpnur to camphu thc cuwdon of the dcurmine. The

of a dmine activity

continue-determine interpreter piaces all.steps of. a;methad. s the.continuation of

similarily place the condition and activities of & siep.in-the continuation of the event for the |

execution of that step.

ue-determine interpreter gan evaly mhssmdmodtfy the
yuations Crom, the, event for a step.if. the condition- for-that
step fails. The continue-determine interprater will remaye 8l sentiny
for the determine activity '&!tm method for that astivity succeeds-ia ssserting & value.

In evaluating an expression, it is possible that certain fagts will:be undetermined. |

ns:from:the.event -

Continue-determine delays the evaluation of such an expression by placing determine
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activities for each undetermined fact on the continuation in front of the expmslon. The -
expression is eventually evaluated with correctly determined facts.

~ With this approac,h to lnurprmﬁg dtt_ermlﬁc activities, the execution of a
determine can be interrupted both to decermine undetermined factiirasponses and to return
to toplevel mode.

555 The Explain Interpreter .

The explain interpreter i trivially imglemantad in PROCTOR. The explain
procedure method contains a prompter and text attribaie. The prompter is optional; it asks
if the user wishes to see aﬁ explanation. Thg_,tg;t attribute contains the «t.ext of the
explanation. _ ‘ . 7 | .

Explain concepts are loaded by an cxphnauon ﬂmcuon The following is a

typiul example:
| (EXPLANATION
((EXPLMN (DIFFERENCE (BETWEEN (AND DEMANDS SALES)H)]

*(. . . the prompter for the expianation . . .)
*(. « . the text of the explanation . . .))



102

556 The Check Interpreter
The check activity has a representation that is similar to that of a determine
activity. The difference is that a chékxactivlty“ma;y have nemdweps in its method. The

follbwiiig is an example:

[(CHECK (AND (RESPONSE (ASK (STATUS (ITEMS SEASONAL))))
(RESPONSE (ASK (STATUS SEASONAL-INVENTORIES)))))
{METHOD:
(STEP::1
(SAY ""SEASONAL INVENTORIES CANNOT BE PBESENT o
1N THE ABSENCE OF SEi
(IF (AND33:s (RE [LTENS,
(RESPONSE (ASK (STATUS ssasom. INVENT
(STEP::2 ,
(SAY "*YOU MUST HAVE SEASONAL INVENTORIES IF YDU HAVE
SEASONAL ITEMS.")
(IF (AND::: (RESPONSE (ASK (STATUS (ITEMS SEASONAL))) PRESENT)
- (RESPONSE (ASK (STATUS SEASONAL-INVENTORIES)) ARSENT))}11]

MES)) mcsémmj

The check interpreter is calied by the ask interpreter when the response to a
question must be verified to be consistent andumanmlly correct The check interpreter
first retrieves all check activities for a mponsé there can’be my number of activities to
check a response against other responses. It then executes only those activities that have all
responses determined. Note that check does not try to determine undetermined information.

Check makes no use of PROCTOR in interpreting its method. It merely
evaluates the conditions of the steps until it either completes a2 method or until it reaches the
deepest step. When check reaches an inner step, it has detected an error. Check then either
uses the condition on that step to generate an explanation to the user or else it uses a text

segment to print an explanation for the user.




Thmmtwomethodsofmvcryfoncm trror ‘l'hecurrmt quution may
simply be msked or the user may requut that one or more of the facu that lppur in the
definmon of the check be reuked Check retums control ao thc uk murprem lt‘ thep current

sy

mponsehtheonlympmnmbechmpd Oﬂmhe.ummthcmmngcheck
' tctivmeundwmuypmueonmlwthommmm {

5.6 The Change Routine

'l'here are three compormu to the prooedure for cha utg inswers: the user is

ﬂrstukedtospedfy themponmhewuhumchm thm ‘“‘mexplodedtqﬁnd_

50 toi

all facu thnt are dlnctly affmd by the chmgn; a typc l of cyge 2 chang

 procedure is

then executld, ‘

5.8.1 Aeeepting Cluage Reqm from thc Uur o

Theunrgpe:lfiuamwersmbe by

’ 318N 'L’ﬁ*\.f?

theu respomes. PROCTOR convms thm IIHMI inm the ﬁﬂinhnt imtanmted |

the quction numbers forv,

LA

mponse ooncepts. The user can spedfy changu ln nny ordur he > may lnterrupt the chmgeh

N S T

routine at any ttme. Non. however. that he may not continue the mlysls until all changes'_

ERFTA

have been processed. PROCTOR can forget changes if requested by the user. Here, the
preliminary-value/preliminary-response attributes become lmpcmm. Inptoemlng 2 changc. |
PROC.TOR slmply m 2 preﬁmlmry rupome to undcumlmd & dou ‘not chmge the

actual value of a mponn. PROCTOR u thus able w unut my chunp upon rquest
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5.8.2 Exploding the Direct nepcndmm

PROCTOR uses a queue to find all fncts that are dlrectly affected by the
requested changes. “The requuted chmgu are first phced in thu queuc PROCTOR then
ptocesses eu:h ehnmtofﬂnquwebyinspecungthemtfactin thequeue,checkingtoseer
if it has been processed and if not, by phdng all unprocused facu on the value-used-by
attribute of that fact at the end of the queue. The process eventually tcrmlnates.
B PROCTOR sets the preliminary value of each processed fact to undmrmined E |

| A problem arises when lnmplete determine actmties have refemoed facts that
are to be changed (The user can tnaerrupt a quuuon and hence the determimtion of a fact. |
These parthﬁy determined facts may have used the values o ftm that are m be changed.)
PROCTOR is careful not to include inmpletely determined facts in the eprstom. 'l'he
type | and type 2 routines take appropriate action to handle lnmmphte determine activities.

In exploding the chlnga, PROCTOR must determlne if any type 1 facts have'
been arfected by the change. (Type 1 and type 2 facts are disﬂnguished by descrlpeors on
their reference list or on the reference Hst of one of their gmuutlom.) PROCTOR wlllv
execute the type 1 change routine if one or more type 1 fam havc bun affmd Otherwln |

ees?

lt uses the type 2 routine.

5.6.3 The 'l'ype 1 Clunge Proeeﬂure

The type l change procedure is conceptually very slmple The values of all
environments are first recomputed This is easily done by uklng advantnge of the tree-llke
structure of the environment concepts. Each environment with an undetermined fact is

given a value of TO-BE-CHANGED. The change routine then erases the current state of the
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event tree and sets the continuatl.qn of TOP-EVENTta{cqmgln the activity
LUNVESTIGATE (an TN |

As PROCTOR recomputes the seaion it. recompujes the values of all facts Shat

are undetermined In recomputlng, It my determine new futs. SET-VALUE resets

environments » f'acu and responses are redmrmtngd. Nm tim with thls scheme, all facts
thnt were invalldand by a clunge in an environmqt cu

lly be made valid, if a
typelfactumetwiumglmlvam

5.6.4 The 'l‘ype 2 Chuge Proeedun

Theqpe2chnngepmduudoanotfomemhwofthemﬂrqw Tlll;
routine simply alters the event tree 3 that chan 'agcypezrmlmgbereevgm The

-change procedure first dou a topological sort of elt exploded type 2 facts. <Knuth 68> (The

used-byhtﬂcepmldaﬂwmpﬂmamrh‘formﬂngthmfm)'mm“of the -
| facts in tne sorted output specifies the order for the redetermination of thewwqgez
The change routine creases a new ¢van: for, sech fagk Hat 18 9, be recatermined
mdmkestheleevenuthenmofTOP-EVENT ltm anr] Ld%m«mn

that PROCTOR an oornctlg slmultue the “W

°"N"°4 from th‘mt““"ﬂ attribute of the inptantiated. )

attribute is set to the environment attribute of the fact; the procedy

obtained by alling the procedure selection routine. (Remembert’luttypelfacu have not
been changed. PROCTOR will therefore select the procedure that was used in the previous

determination.) A current entity can be easily obtained from the instantiated fact. The
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procedure:- sets new-entity and previous entity attributes appropriately.

PROCTOR places first CURRENT-EVENT md then the newly created events
on the continuation of TOP-EVENT and sets CURRENT-EVENT to TOP-EVENT.
When PROCTOR executes, it remgnizu events on eontinuauom n_nd is able to bypm‘ the
pmcedufe selection routine. PROCTOR will "execute” each of the ;vmu and hence,
redetermine their values. Notice that all facts are redetermined in thelr oxiginal
environment. PROCTOR continues normal execution at the deepest node of the event tree
once all changes have been processed.

We have mentioned that interrupted dete‘rmine'activitlﬁe'tvpbse a problem.‘ The
change routine erases the events for these activities and resets the wﬁﬂnuitions of their
calling events before it processes the changes. These determines are sub'nqumtlj correctly

restarted.

5.7 Printing English

PROCTOR prints English from prestored text and by generating simple
sentences from OWL concept structure. Text is stored as eifﬁér'LlSP—TtXT or OWL-TEXT.
The speciatizer of a LISP-TEXT concept is an index to an array that contains stored lists of
text. (This array is loaded by the TEXT and zx'pumﬂdﬂ ‘functions) The specializer
of OWL-TEXT is an OWL symbol (a string) that can be mlly “pr'lnted at tﬁe terminal.

OWL-TEXT appears in say and comment ictlviues.
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8.7.1 Generating English

PROCTOR uses mutunlly mursive Ty m cenvert concepts to

text. Eachchssofoonapthu.mmrefmliuormthcnfmmtnfmgofm
genenllutiom. a ducrlptor that names thc appropmtc expert to be used in Engush
genmtlon

PROCTOR has expem to hwdle conupn such . s.,«m-: predicates,

PROPERTY concepts, EVALUATION mapu .pd othm. Thc BE pxgegt wtll convert

[((BE PRESENT)
~UBTATUS C{CONSTRAINTS EXTERNAL)
(((EPMTIENT HHCHASING) IH(FIM IHSEMM ANyl

m'rhmmextemalmnwnumthepurchutngdmmt, ltpumthe A0Eept,

BE-STATUS expert who outputs "There are” since the value of the status is PRESENT and
since [(CONSTRAINTS EXTERNAL)] is plural. (ICONSTRAINTS]'hasa [PLURAL) descriptor
on its reference list) The BE-STATUS expert passes

[(STATUS ((CONSTRAINTS EXTERNAL)
((MMTIGNT PURCHASING) ((FIRM 1) (SESSION 1)))))]

to the STATUS expert who prints “external constraints in the purchasing department™. The
STATUS expert uses the ENTITY expert to correctly identify the purchasing department
entity. (The purchasing department may have a name that should be printed instead)

A concept can have a descriptor of class PRINT-SYMBOL on its reference list.
The specullzer of thu deocrlpmr is an OWL symbol that can override the general print

mechanism for that concept.
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5.7.2 Generating Reasons and Evaluations
| PROCTOR generates statements and reasons for each evaluation that it makes.
The réason for an evaluation is simply the condition of he step that asserted the evaluation.
Or, if this condition is absent, it 15 the s'ehcttohdﬁ;ﬁs;'fﬁiktﬁe "dc't;rmim; proddhie.
Evuluatlons are elaborated by using say and comment activities. o

| PROCTOR takei advantuge of the entity tree structure when it generates
dumps of the problem and the associated evaluatlom A: it traverses the tree ina
brudth-fint manner, PROCTOR lists ail relevant lafm for a;eh cmlty encountered.
This simple mechanisny (Iva PROCTOR the &bﬁky ao m nml-orgamud' dumps of
the dat il e e i e




CHAPTER 6

The growing need for experts in areas such as law, medidmmdmum
has n\o;l\}aced research in expert systems. <Garry 74>. There are programs that are expert in
that can pugcgibe medicines for various mmlmmmux. 74>, and systems that
can automatically génente data procéulng soft\nro <Ruth7§a. Thm Pprograms. are
d““““l “ tools assist to experts and non-experts in the mthnef problems for specific
domains. They are meant to supplement expertise tather than to replace it.

“The success of these systems motivated s o, tackle & problem in_Operations
Management. It was first ‘Necessary to select & subdomain of mblesm .before any

reasonable attempt could be made. The domain of Operations Many, RmED;, Was pruned to

the subdomaln of procurement, and this in turn was pmnod to the arm of planning and

control systems for procurement. From the variey of posibs st
sPe':iﬁc approach: the hierarchical approach for planning-and controladvocated by Hax
and Meal. Our research lead to the development of PROCTOR, an_expert in.hierarchical
planning and control systems. PROCTQR does not replace the aystem analyst or manager;
WW to_the
design of a hierarchical planning and control system for procurement. .

it assists the analyst by providing him with a formalism fer explorin




110

6.1 Relation to Other Work

Since much of ourwork has been infliencad By revearch in expert systems, it is

interesting to relate PROCTOR to current research with respect to both computer science
“There are similrities bétween PROCTOR and mdical expert programs such s
fons <Shortliffe 74>, and the

S R

 Dighilis Therapy Advisor, i’ pmmm thit edn’ cmat ippfoptiaté doses of digitalis for

treatmeént of heatt conditions.” <Sflverman ‘74>
MYCIN fs rule based. Tt starts with a goal (identify an ‘infection and prescribe a

accordinig ‘how they nitisfy prerequisitts for the appliation 6f other rules. MYCIN selects

rifles by séiirching a Plaiiner-like okt treé 1 find'a rule that can’ derive information with

‘This control structiré is similar to ﬁbéﬁ‘oiﬁéi"*bﬁi»_oniy uthe o

h; R TR LIy, T

might Tave severs] acceptable akerhiatives 'at afy point In’ the analy

differs in° overall organitation’ PROCTOR ‘follows i ‘N’ Whén “tiVeitigating the Tirm
while MYCIN is entirely ruled-based. PROCTOR hays from this phin only when it needs
undetermined information, PROCTOR always @ms to the plan.

In this respect, PROCTOR bears a certain similarity to the Digitalis Therapy

Advisor. The Digitalis Therapy Advisor is controlied by a Therapy Transition Network
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(TTNET). Each node of the TTNET has subgoals to he setisfjed, and in satiafying these
goals, the program exhibiss.its Mﬂwﬂm mmm +o. priorities that
depend on the information knawn,to the program. Tha.sysem, selacts sades according. 10
these prm to dcmfntm what *mun do next. Pmommum are structured..in
a manner :wummmrw“ The congl s the.gvent tree are. subgoals
that must be executed for Pxoc'mpn 10.proceed. In selecting the: gmu, PROCTOR uses
the priorities that are implici ln(hﬁwdcdntﬂ npdes.on the mm

- Our work can bcrcht%;o current tesparch-in g mtmwthc
Automatic Programeming Group. a4 the. Laboratory for. Computer Science. {formerly, Projact
MAC) at MIT hubun dsvdopnggm Mitpmatic programning. sysiem called Protosystem
<Ruth 75>, From a.high leel apgeification.of requisameets, for,a dats procesing system,
mem mmmlw rocessing program and. the JCL nacsssary to run that
program on an IBM. machine. %gm requiray.an.applioation sxpert. an mmﬁm
between the.problers domain w—t#mm -This agpest could assist 2 yser. i
dgxermlp;qg hu requirements q@d thus in writing Mm&u’mfﬂr Pmosystom
PROGTOR may be suited to this application, It assiats.

REEE SEAR S I I

he.yser in-definjng-his
requirements by evaluating mm;« an applicaions sysen. RROCTQR's. output

- could drive a more detailed qu that resolves issues of knphmentauon and that
determines the user’s reqummcl#s in terms of data handling capahility and rgpon
 generation. . i |

.-Some. wark has. recengly been-done in providing computers with natural

language understanding. This resstsch, though Rt disacily. selated to RROCTOR, is. vary
important for PROCTOR-like sjttems A deficiency of PROCTOR s its lack of an
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explanation capability. PROCTOR can dump a data base to provide a semi-organized

description of the problem-and its evaluations, but it éimiot accept questions from the user

and refate its evatations to the usér's model of the workd. Mathotra ik done experimental

work in defining tho fequirements for an English intérface o2 management expert system.

<Mathotra 75> He has classifisd the kinds of questions’ that mamagers &1k And has stated the
requirements for a system to answer these qﬁézﬁbﬁs’f Reseirch has moseen done in -
providing a computer with models for ‘managemént problem solving. <Krumland 73>
'in a dialogue
with the manager. The lssues of representation’ for the models and the dialogue are
tmportant for providing x managemént system with an explaniation capabiliry.

A-preject that is similar in goals but differerit in approach is Mark’s
reformulation model of expertise. <Mark > Mark's program accepts an English description
of a simple inventory problem and tries to solve that’probleni by underitanding It in terms
PROCTOR handles a much arger problem nmbutnaittm same Yevel of und!mindinf.
Mark gives his system a deep understanding of a smaft well-defined problsm domain: his

 Krumiand's systern used‘small gerveralizable inodels to s6tvé problems preserite

Of a model based on a thidry of consisitisg. PROCTOR differs from Mai)

6.2 Further Research -

This thesis has only begun to explore the issues relevant to an implementation
of an expert for & mbdcman of Openations Management, PROCTOR ‘can be extended in
a variety of ‘directions both in the short and the long tetm. ° '



6.2.1 Short Term Research Areas

~ Research must be done in extending PROcIOR’adubm- areas of the data
base are incomplete; many of our‘evaluatlom are superficial. (it is encdungln; that
‘ PROCTOR‘,‘ can display acceptable interactions m svan & partislly. complete data base.)
Thedmbmmuucvmmnybew “in zhunu wmmmuq with respect to

both methodology and the way experts actually analyze pmbm
In implementing PROCTOR, we did not make full yse of the OWL, formalism.
In generating English, for enmpk. we did not make use of current ideas in En;!ﬁ;!,l

‘repuunndon in OWL. Bill Swamat is mrfently implen

plemanting 'hﬂ?‘&!!?!‘“‘ Thmpy.
Advisar in the OWL interpreter. <Swartout %> He hogg no provide the Digita k

Advisor with good exphmum capabilities by taking full advantage of the ow1_ formalism.
A nmilar project for PROCTOR mlght prove interssting. |

PROCTOR lacks a weil-developed notion of time. . ltkmsthat fact A came
before fact B if B depends on A but it does not know when fact A was determined. It
would be interesting to consider how time would improve the efficiency of the change
routines. In changing type | answers, PROCTOR currnty reviews the sssion, from the
beginning to dm what :nfmuon needs to be changed. With a notion of time, it
might not have to review investigations into joint ordering interactions when, for example,

the status of vendor tradeoffs has been changed.
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6.2.2 Long Term Research Areas

“T'here is o limit to research in- éxtending the usefuliiess of 4 PROCTOR-like
system. :
| PROCTOR could assess the cost-benefits of implementing a planning and
like "What if I don't include this featuré” or “How much does lead time forecasting buy me
and how much will it coit?. Reseatch is required in deining methods for making such
i . SR ,

Related to research in costs benefits mtym is the need to continue research in .
Opentiom Management methodology. Opemims mnqmt mhniqua must be bmer
formalized before a sysum can hope to provnde exp«t cvalumom.

PROCTOR could eventually be linked t an automatic programming system
like Protosysterh. PROCTOR could provide a first cut at a feaiibility analysis; cost benefits
experts could evaluate the impact at the Operations Management level of selecting different
configurations; automatic programming experts could tackle issues reiated to data and report
requirements. These experts could interact in the design and imphmentmon of 2 planning

and controf systemn.

6.3 Conclusions

In this thesis, we have explored a subdomain of Operations Management. We
implemented a program that assists the manager in exploring the issues that are relevant to
an evaluation of the applicability of a hierarchical planning and control system for

procurement. This thesis shows that such a system is feasible for the domain of
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procurement. |

The ideas of this thesis can probably be applied to the more general domain of
productlonandlnvmﬁorycontrolsydam. Whmmm;manhlppﬂdmm
donnlmuanopmisue. Tﬁeappﬁabﬂtyhm—()pclmkmwtdmimof
umwchathoumﬂmﬁfmfwchmmmmumtmwm
notion of direct dependencies certainly merits further explovation,
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rm.pmmmmm-urm ﬂam-n
~ eomplsoompthrmc&h{ulmci’_“ EMQ{*‘ wdls, .

Introdwotory mitwbid:.: ~ : el e

Today is April 27, 1976.
Tho timo is 7:25 pm.

Whet ¥ yoir foltneite? R el A T LA
(Pleass enter your nmfollowodby aroturn) e
(Enter here): &_MM ECBNE

(Ploase onhr your neme foilo\ndby -Mumf B YU I
(Enter here): &_ﬁn_\_&h_ S o

T"“‘Mtlmndn hmbm“ il
Numlu mdeontrolcystmtow sl Mﬂwg»,. Mg :

Ciad SRS
Doyoumdinformﬂonmniuhwoﬂmdtmww
Please follow your answer with a return. :
(Plomlwylnyuorm):w‘

st [RE -

This is a short note concerning the use of the wumun

mmtmmmmmawmmmmwlm In
analysis mode, we investigate your firm, In toplevel mode (which we are. MRU.Can
request changes to your responses and listings of vesful informatipn. . (Rir} L g
we will move freely MWMMMMMM Wf s i emte

multiple choice, entir 1

If a question requires M
when finished .m

normllly geot an explanation. ‘ e o ,
'  You may interrupt analysis mode at eny’ W¥ nkering

toplevel. Key in !? to have the current question repested. 1t YoI :

just key in heip as the response to any question, e

Ok, let's begin. g
And Mr. Smith, you are st top lavel. Plesss select one of the tollawing:.

1 quit BT
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2 start an analysis
3 help

(Enter horo): 2

(1) Mr. Smlth,wwkmhmofywﬂm?(hlumumummd.fdmmmnm
mhacmim return (wlﬂdshhyﬂmmﬂmfu(er). If you have no saswer, just: hit (er)
‘Please begin ...

F Ltd

(2) What is the address of KBS Foods Lid? Uss as many fines ss you need, following each fine
;l.th omp rotwn(cr).ﬂMbymh;moxm(m. HWMW.MNGVX
“., o i Fihg i )

Now would you Iikconoxplmdbnoﬂhohmhohwdmwumthdwh -
uodtodofimthmbrnﬁvﬂbsdml-'mm o .
(Please key in yes of no): yss

* e

One of the basic issues that determines the genersl ehurochrh&;ﬂ lm
and control systmhwmmthmdwmwmmnm
s the natyre of the product structurs o 1.

An ilustFation of & !drfy gomr-t prom nhuctuu‘cm bou roprountod s follovm

supptiers

rau maintenance
materials toole supplies parts

_rau nturlql Inv.n’tgru, L
coﬂpemt partu

-fabrlcatod parto o production

 parts uork-in process lnvontoru | (lnxpm;ttpnx' -
- upurchased wheswiib!ies TR |
" Etabrichted stbidedibties’ ‘

cubnnnblu uprk-ln-pmcln
Invdritqru

finished producto
-purchnm_ﬂnl ) producto

SERIR Iy i

finished product Invcntoru

distribution procass T
~distribution centers = " distribution
=uarehouses

-wholesalers
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~-ratailers

The various slements of the product ntructuro define three major functions:
purchasing, production, and distribution.

Obviously not every firm possessss every slement of the general product
structure presented above. Retail or wholessle firms are engaged in purchating activities alone.
Many production plants are not involved in distribution operations.

As noticed in the above product structure, the production function (which
transforms raw materials into finished products) can encompass two major types of operation:
intermittent and continuous. It is useful to distinguish between intermittent and continuous
activities since the manufacturing cheracteristics and the manegerisl decisions associated with
these two processes are quite different. the following table provides s gross comparison
between these two types of operations. .

type of process

characteristics intermittent continuous

process configuration job shop assembly line

locus of decision decentral ized central ized

making

squipment flexible special ized

| abor high skilled low skilled

schedul ing dispatching permanent design

The following questions classify KBS Foods amorlln; to its uﬂdciu. overell nrtlnhﬂiou
and size. The current version of PROCTOR can pure procuremens [irm with one
department and “many” items. PROCTOR will Lot i . Smith muol enly If KBS satisfias this
description.

(3) Mr. Smith, is KBS Foods Ltd a procurement firm with no distribution or production activities?
(Please key in yes or no): yes

(4) How many purchasing departments does KBS Foods Ltd have?
(Please key in a value): |

(5) Does your purchasing department handie more than s few (say 10) items?
(Pisase key in yes or no): yes

PROCTOR first investigates joint ordering immcdom and externel constraints fcr ftems of
KBS Foods Lid. R

PROCTOR offers a "canned” c:plcuation conccmin‘ lasues of curchol dm Mr. Smisth
requests is.

When dealing with purchasing docmom it is somatimes usetul to sggregate
individual items into groups of items for planning purposas. There are thru categories of item.
aggregation: items, families, and product types. .

Do you need information with regard to the definition of these three categories?
(Please key in yes or no): yes

The following three categories of item aggregation will be used:
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Items refer to the highest degree of specificity :;nud ?rgductt. itams differ in
terms ot packaging haruttibristics, sk’ dilhr e & o

1 "k‘h

Families of itoms are §roups 9{ itoms thet thoutd be ordurod jointlyﬂto oblpln ‘

And Mr. Smlth, we \vill now attmt to
purchesed items that werrent aggregation of it

Do you need informothnwitﬁmtr“" d t5¥em interattionf
(thkoyinyuorm)-w_

procedures sre oxtnmdy mple. It is o
item during the procurement ¥ad times.

o{cm‘uhuhca‘h

(6) Are there oconthc of transportati
would it be better ¥ d¢iler itéins IN

(Pluu key in yes or nok: n

Ouestions 6 threugh uw axiptonce. of intersciions thes warrens the consid

ordering co:
s

P

(7) Are WM»&»MW%&{.W
becuods By WAIF shiske's BOWRON ordsting cost?
(Piease key in yos or no): ?

Do you need information Wil regiird to ‘the tomponents %! mmf Wﬂc& wn lc;uing a
purchasing order?
(Please key in yes or no): y
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The purchasing ordering cost has two basic components.

The first component is the direct cost involved in rolucihﬁ an order. It is
represented by the cost of the order forms, envelopes, checks, receiving forms, stamps, some
portion of the supplies of the purcham; department, as well as expediting materials, telex, and
tetephones. _

The second component is represented by the sslary of the personnel assigned to
processing the order from its initial release to its final delivery. The foliowing departments can
be involved in the release of a purchasing order: purchssing, receiving and inspection, storage
and warehousing, freight and traffic, accounts payable, machine accounting.

Occasionally, when desling with very complex vendor orders containing multiple
items, it is important to distinguish between a cost per header, which is the major ordering cost
(a fixed unit shared by aif tie items in'the order), and e cost per line which is a minor cost -
added to each line item.

(8) Do ybu have complex vendor orders containing multiple items whers costs per header and
costs per line items have to be identified?
(Please key in yes or no: n

(9) Now Mr. Smith, is it common for you to order more than one item in a given purchase order?
(Please key in yes or no): yes

(10) Are there quantity discounts that can be obtained by joint ordorlng of several items from a
given vendor?
(Please key in yes or no): ?

PROCTOR has identified at loast one joint ordering interaction: common ordering costs in
question 9. Notice that it can proceed even with an unknown response Jor guestion 10.

Joint ordering support is possible if items can be greuped into Icnmu for joint
replenishment.

(11) Are there groups of items (families) invoived in joint ordering intonetiom that share
similar unit costs, demand patterns purchasing lead times?

(Please key in yes or no): yes

Joint ordering support is necessary when a significant number of items are affected by these
interactions

(12) Do you know approximastely, what percentage of your items do not belong to families and,
therefore, can be replenished individually?

(Please key in a value): ?

(13) Do you feel that economies resulting from taking advantage of these interactions are
significant enough to warrant a special systam?
(Please key in yes or no): ¥

Mr. Smith could not answer questions 13 and 13, PROCTOR explains shat it unable te assess the
necessity of joint ordering support. This explanatien is genersted from date that PROCTOR
has dourmiml and from the representation of its internal procedurgs.

A decision concerning the necsssity of a component to handie joint ordoring constraints could
not be made. The reasons for the decision are that
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Please seloct one of the following:

2 between 11 and 100 " e e e
3 between 101 and 500 S

mmm o o

SMMSOOIMIOGOO

Plesse salect oné bt the folbwing’

2 between 11 and 50 I ,

3 between 51 and 100

4 between 101 and T
8 RSN 2B1 e ‘ R

6 mon thm 500

(Entor horo)- 2

moduh for, ;oint ordndng , ponefraints could nat be

gy s g N ST g g
SIS BT o e T

PROCTOR tries an slternate iretogy: porhaps Mv. Sinith sitd b Siftod
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procedure instead. Mr. Snicbdcdduututmpthw
(1s)nummmmtommammmmwmm
purposes. Wdywl&ofmwmmdmtohmmmnm?
(Plesss key in yes or no) !

You.are at top level. Muhdmﬂfthom

1 quit
2 oontlnuo the nndysh

8 summarize the anslysis

(Enter here): 5
The followin' is a list of possible summaries.
Plesse select one or more of the following:

1 print & summary of the facts collected
2 print usummryoﬂhuocomnddiomoom
3 print rupomctoquaﬂonl e et S e i e

Pﬂmnmupﬂycnnmmdmmmv
should note that this text is net prestered but is
Datoofmm% o

User’s name: M. Mlm Smﬂh .
The following data is about the purchasing dtplﬂml.
A decision concernig the necessity 0

constrainte in the’ purc!hﬂu mw m‘\d ol m“ '
that ' “

' Amoddoformdlywuaﬂonkm Tﬂshmyoud-ddodthﬂth.
family aggregation of the purchssing department is possible.

Ywuoattophvd. Plonouloctmofthﬂollow‘z

1 quit
2 continue the analysis
3 help



126

4 change answers

(Enter here): 4

This section illustrates the general mechantsm for changing anibirk. m;smmﬂa'cw
answor he wants changed by giving PROCTOR ¢ question number. lmhmﬂht
PWMMIJM;&WQ{W ' .

The current question numbers range from 1 to 16. Plesse key in the numbers corr
qmtlomwhoumwuyouwkhtochlm D
(Please key them in): 13

So far the following will be changed: Tho responss {0 question 13 sbout your jw
eoncomin;thodgmicmofjoh&wmmtrdmuth rehasing dapertment.
Do you want to change any more? Seafhsicaily Jh Srig
(Plesse key in yes or no): n

phooner Qi it

lDo you wish to delete any roquuts?
(Piease key in yes or no): n

_ PROCTORcmeyuBu Mr. Smith for his now anewer.
(la)w.mmmmmmmmmmmmmmmmm

.nslgnc_ ) mqhtovwru*upoddmhmf; : s

,..,;,'55 f. e

.PROCT'OR cmm ch moupudu the ontire m@ ) "
concerning necessity and fi y are redetermined. Netice that "
possibility of family aggregation is net redesermined. PROCTOR M
udddchuhmcmmclMahm Wd&u
luumcclom.humocmmouluuclnl‘,_“,e .

dociclonlsth;t the averag numb«ﬁﬂnhm"yub;n%tbo wrchasing deparin
(16) Itis sometimes dnlnbh tom ’ :

(Please MY in yosorno)-! |

lr smm,.. ,m v ‘ o

You are at top level. Pluu uloct one of tho following.

1 quit

2 continue the analysis
3 help

4 change arswers

5 summerize the analysis

(Enter here): 4
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The current question numbers rangs from 1 to 16. Please. !ﬂ &hzm cnrnagondm to
questions whose snswers you wish to change.
(Please key them ink 12

So far the following wil be changed: The re 12 ghoul the percantege of

Do you want to change sny more? B o M el e e
(Please key in yes or no): n o

Do you wish to delete any requests?
(Please key in yes or nok: n

(lz)Do u knaw spproximately, what percentage of iteme. mlmlofm-nd,
th.r.forz?m be replenished MW oy o
»(Huu lwy in 2 vnlui)' Q

dlm«bymwu-—wfﬁﬁ,;i $Holioili¢ By dnalnptian comcernia
necessity f s mudale) s v ot g
mm.m:ucmfumm.:mmu Mm perything slee.

Aewwmmp '

feasible. R
. 2 joint ordering oomtrdnh are prmnt

(16) Now it is sometimes desirsbie to aggregste similer items into féilies merely for repor

purposes. mmnufmmmummum
(Plesse key in yes or no) ! o

You are at top level. Please select one of the following:
1 quit
2 continue the anaslysis
3 help
4 change answers
5 summarize the analysis
(Enter hers): 5
Now the following is a list of possible summaries.

 Plois select ohe or more’of the; folkiwing;

1 print a summaery of the facts eoihctod
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2 print a summary of the recommenstions so far . .
‘3-print responsss to quastions o

(Enter here): 2

Mr. Swith roquests that PROCTOR print & summery report QI, scommendesions. PR
prints all evaluations it has mede. ‘

Date of session: April 27, 1976
Time session sterted: 7:25 pm

User’s name: Mr. Adam Smith
Amdulofor)ﬂntordmmcomtrmnmodod. mhmmmw

that the joint o;dor cpr!trdnhafm purchasis a0k are,. m&m

fn

Ithe wbrl;‘ number of the hmny ﬂmoﬂh purchu!n; dtpant lc moro Maﬂ.
Concornlng the details of s modu

You are at top level. thubcfomom-fo‘lmmz’

1 quit

2 continue the mdy:is
Fhelp

4 change snewers '
5 summarize the analysis

(Enter here): 5
Mr. Smith, the following is a list of possible summaries.
Please select one or more of the following:

1 print a summary of the facts collected
2 print a summary of the recommendations so fer

3 print responses to questions

(Enter here): 3 ' ) '
Mr. Smith lists hs responses for questions 12 and 13 te inm l}pggh have boen made.
The current question numbers range from 1 to 16. Now the Yo 1 dpoulbh
summaries of responses to questions, ‘
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- Ploase select one of the following:

1 print a summary of all quntlom , , e mg
2 print g Lo
3 return to toplevel

(Enter here): 2

You cmupoatﬂnfolhwin.optbmumﬂmumm PP

Plesse select ore of the fo!lowlu‘:

apﬂntumqmumnhcbdwhr
4 loave the selection locp - :

(Entor horek2 | S R
(Plosss hay in the questions you wish Ketedh 1213 ... .

wred G

Do you wish to select more?
(Pleass koy in yes or nok n

Plesse uloct one of tho fomu

1 uloct questions in a rengs

2 select individual questions
aprlntﬂmmubchdnhr
4lomthouheﬁonhep

Question 12 _
concerns the percantage of non-family items of the purchasing depariment
30 oo grai
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(Enter here): !
Now you are at top level. Plesse select one of the foil e

‘1 quit

2 continue the snalysis

3 help

4 change snswers

5 summarize the enslysis

(Enter here): 1

Nr. Smith decides :.mmm-uum.fm. oélfoe henok. .
(P!omkoylﬂyuornc)szg_s_ SO

Do you wish to save what you have done so far?
(Pioase key in yos or no): yes

A recard of this session will be seved. Mr, Smith, 40 went ¢ fisting
printing?
(Ploase key in yss or nok n -

The return of Mr. Smith. . ..
Wolemblck Mr. Smith!
Today is April 27, 1976. The time is 7:38 pm.

You are continuing the snalysis started on April 27, 1976 at 7:25 pm.
You are at top level. Pleass select one of the following:

- 1 quit T
antinu'othoihily‘ik
3 help
4 change snewers
,(5:umaﬂ§omm

(Enter here): 2:

PROCTOR asks i Mr. s-m pu(gn Jamily sqarvantion for reper
Joint re

(16) 1t is mthmm&hbmmmlmmf arely for roporting - -
purposes. Myouﬂhfm!ymtobomm resson s
(Please key in yes or nok n e

'PMRMMMMM edules,
disaggregation. All text (encept comments concerning the
M»rmmmmnm
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Concerning the details of a module for family aggregation: Items that experience joint-ordering
interactions and that are aggregated into families because they share common inventory
characteristics should be ordered together to achisve benefits of economies of scale. The
reasons for the decision are that :

1 joint ordering constraints are present.

2 a module for joint ordering constraints in the purchasing department is fnsible

A component to handle family aggregation is needed. This is because 8 module for
joint ordering constraints in the purchasing department is feasible. A component to handle
family disaggregation is neaded. This is because a module for family aggregation in the
purchasing department is needed and a module for joint ordering constraints is feasible.
Concerning the details of a module for family disaggregation in the purchasing department:
Procursment amounts that are allocated to familiss should be aliocsted to family members so
that items in families run out simultaneously. The reasons for the decision are that

1 a module for family disaggregation is needed.
2 a component to handle joint ordering constraints in the purchasing depsrtment is
feasible.

PROCTOR starts investigations into external constraints.

And Mr. Smith, we will now attempt to identify whether there are external constraints among
your items that warrant the development of an sggregate plan and the aggregation of items and
families of items into product types. Do you need further information with rogards to external
interactions?

(Please key in yes or no): yes

The presence of externa! constraints such as storage limitations, financial’
constraints, limited capacity of individual vendors, and need to smooth purchssing orders under
fluctuating requirements may force the development of a purchasing plan during a long time
horizon (usually a year). Items and families of items are then aggregated into product types to
facilitate the design and implementation of the plan. An aggregste purchasing plan is required
whenever purchasing decisions have to be made looking more than one purchasing lead time
ahead, and items are competing for scarce resources under fluctuating demand conditions.

PROCTOR wses question 17 through 21 to determine the existence of external constraints in
KBS Foods. An aggregate planning module is considered if at least one consiraing is present.

(17) Are there storage constraints that limit the amount of physical inventory you could handie?
{Please key in yes or no): n

(18) And Mr. Smith, are there financis! constraints that force you to define s feirly constant
purchasing rate sach month?
(Please key in yes or no): n

(19) Are there contracts you sign with individual vendors which force you to define a fairly
constant purchasing rate every month? ‘
(Pleage key in yes or no): ?

(20) Are there supplvy limits on some of your vendors which force you to anticipate some of
your purchasing requirements? ,,,
(Please key in yes or no): yes (

(21) Do you carry seasonal inventories to absorb demand fluctuations?
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(thkoyinworﬂzg

 PROGTOR wweluetas the nesassoy of s compeiont frm the goment, f \'
oftmuudcuouimdchmoluqma{fmdg';_ :

(22) Are ltems isvotved i sitarnst inlorection mﬂmh hmau.ymmr
(thnoltommhhtb.myummorthwmﬁhﬂlm) .
(Pl-d.byirwuwmﬁm

(23) Do you know qu. ov m nm ntﬂnhd by fﬁu- o:tbmd iutnnctiom?
(Plomlwyhn VM! \ ,

external conitnlah ﬁmm lri "y iﬂl, o

ftems and muu« mumuyhmcmgudhlmaﬂawmmdu
Jormuletion can be Induc.

(24) Can the items (and/or fmmn) dhctod‘bymnqlmm‘ '
.wmmmmm; Loic e '
(Plosse Aoy Inyor'or. ok y : ‘

(25)Nowhowmmyproduettymmthuo?
Pluu select onq of the following:

1 less than 11 :
2 bétweon 11 end 20
3 betwewrr 21 and B0
¢ & Batwesw BY wm -
: !Svuonthmm

(Entorhorc) 4
mmmmm’ehhhfmm;mm ltlmlcuaudn

that the

Mr. Smith, I think 1 have detected an error.
The number of product types exceeds the number of femilies.
You may change one or more of the following. o
1 "between 51 and 100", the response to question 25 coneomh; the number of the
g type o e puchses oraa o queson 18 conchrg o ibar of the
families of the purchasing department BT

(Please select one or more): 2
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(Ploase key in yes or no): n
(15) Now Mr. Smith, how meny famities (mnp of 'm) iy ’ Lo
Please select one of the ‘following: I T

1 less then 11

2 between é ; and 50
.3 between

4 between !blw go

S betw X ) ..

(Ent.r here): 4

PMRmmWMMMmM{MMPmWGQ :
considor the aggragete plan in desall.. SIE

(26) Mr. Smith, do you currently have an aunnto purchuiu plan? E
(Please key in yes or no): | Wi

Mr. Smith interrupts thnahnuﬂnwmm:m#ﬂ&wdoﬂ“
details to save space.) Netice that changes have boon vorvectly dame,-

Question 15
concerns the number of the families of the purchasing depertment
response: between 101 and 250

Qunhon 25

“concerns the number of*thoprodxttymofﬂnnnhnﬂudopmt
ruponuz between 31 and 100

ammm.“nmm-hmumm APl

Anosluln m i somatimes prot
(Homkoymyporm):g,, N A W T
(27) Mr. Smith, can you give nnnﬂmhof mnpproprhbﬂm ‘arizen for. an.

Pleass select one of the following:

1 less than 6 months

2 between 6 and 12 montie
3 more than 12 months

4 not known

(Enter here): |




herizon of at least a your is requived for aggregeate pli
are invelved and indicstes the erver,

Mr. Su\lth,lthinklhavod‘hdodmofror )

A time horizon of less than 6 months is ineppropriste for a sif
; tories.

You may change one or more of the following.

1 "ess than 6 months®, the anewer tcwtmvmmmmb horlzbnoum '

aggregate purchasing plan of the purchasing
2 "present”, the answer to question 21 about

department
" (Please select ono or more): 1

(27)NowM- Smith,cmyw|MlnutMoofmwhbmwmm“auugm

plan?

Please select one of the follovin.: :
Zbotwunsu\dlzm ' Fo e ki
3 more than 12 months
4 not known

(Enter here): 4 R

Mpr. SMAmMouu PG CTOR s @ hor
yoar and Mr. Smish wifreds. WM L e i

(28) 1t Iscommontodoaurmhplmniuwithlyurhwmbﬂokhmmthﬂm

. horizon b’ indfe Y }
(Ploase key ih yosdof ymw ki

Mr. Sl comi docty b o S e o potpd Eviokak, PROCTOR s
one month which is the mosi ooliiNen i, ‘
(29)Whnlﬂmwmdgmmm uuh mm

Ploase sbledt one of'the toliowiig: 07T

1 1 calendar week

2 2 calendar weeks

3 3 celendar weeks

4 4 calendsr weeks

5 1 calendar month

6 1 celendar quarter
7 1 calendar semester

8 5 working days
9 10 working days



R
10 20 working days
11 4-4-5 week division
12[don‘tknow_ o s ke

(Entor horo)' L

" (30) It is compon to do o plenning
divided Infd"{ W

(leokoyinyuorm)xy_

A procurem
Fihe &
wr&!!
20

The number of variables required for the aggr
The possibility of aggregating time periods in
product types should be considered.

(31) It is sometimes useful to luroph Rou,

Would you like product
(Please key in yes or no)

PROCTOR reasks the qguestion. It delsys redotormination of o/
dotermines the possibility of « middle renye Joribasting tysbithe.

(29) }Nhat tlmo porlod- do you tm you 'W!’ uoe ";}7 Y

. “f }vm \wﬁ
2 2 calendar weeks

celendsr quarter ‘ L
calendar uﬂéﬁr o : v S

8 6 working deys :

910 working doys s
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(Enter here): 6 e
PROCTOR stops to evaluate the possibility of a middie-range Imuuing cyaiam

Now Mr. Smith, do you need an oxplmtion of the difference between the dommd for on ond
item and the shipments (or sales) f . e e 3y L :
W NI dehioth Ty WY 5 W -

(Plomkoymyuorno)'m

timing of demand and ubs.

wmwmmmame‘W“ R0
(32) Do the end items exhibit lncu% or d g, 2.
( o in y )z Rl TR R

(33) Are the enditeins effstted by semonsiitisst *

(Plosse Koy Th % of no¥: ybs'~
(3 . Smlth, do you et

(Please key in yes or no): n

Now do you Heed & definttion 6f purchasing ioad timeg ", T
(Please key in yss or no): yes

The ‘purchilising l“d time is the time tﬁﬁchﬁus fromhnmmcql a roplcmshmont
order is triggered until the first major portion of the order is ‘% shalf. Parl.of the .-
purchasing lead time is caused by internal administrative part is duo to in-

transit time and order processing delays at the supplier. The m M&MWu
‘of a purchasing lead time: N

_ purchasing lead time issus of BT
receipt at purchase . A
requisition T A
reviexs vendor quoted receiving Inspection honglfgm C
time lead time time time time G
The review time is the time that elapses between the relesse ntf :
requisition and the receipt of the order by the supplier. It includes . sdministrative

waiting time, the buyer's intervention to trenslate the purchase nio. a-purchase
order, and the time required to tranemit the ordortoﬂnmw. '
time includes an average waiting time in receiving, and an sllowance for counting md'chocklm
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the order. the inspection time (if needed), inciudes an average wm time and MM
inepection tlm. Ry

(35) Are there items with extremely long purchasing lesd times? .
(Please key in yes or nok ? TS

| Imported ltems are items that have long load times. ' :
(36) Do you import eny of your purchased items? A ‘ B
(Please key in yes or nok: n

warks sg Hhw geiwndot we?

sinee & mw

Cadtense oY sae vy w0 GRT
Salos and bock order reserds oen bo used to sstimess past desweads, (Noss, PROCTOR ta
relatively undeveloped in its condiderations of duse : ' hanld: v
mywu-fmmm o pore.

(37) Mr, m& memmmmm

RSy Y R bpands e B

RPN
il pesat™l

(38) “’ Wz%m md m“’b &nuaf' a7 :éi\rﬁi%/*-”‘:;"\:{' SEETUR Y - {v
(39) Now M. Smith, do mmmwwm g
(Plesss key in yes q,m im,_ - : :
(40) Now whit s tie derage length of your s s
Piddes Soiect oné 'St the
57 @t liaegr e Thenre i e o g e o On i Ben S T
’ f '... Mﬁ&ﬁv" ’ Cgetie s weerady o &
2 one yeer ' N ;.
3M‘ Dosh e b oo teres o¥ dame manl T %wa*?'ia sada sorasd BTG Vi.",‘,f:g ';:T

5 more then 3 yun

S T PN LI s LR R e &

(E'a«ﬂ’m ﬁﬁ“k"g v @t er ot gl ol iRt
glﬁ"! B . 3 A

Plnunhctmoﬂhomw

poatingooewy wasnbiRes Ll TBY oot nlRyeny kB8 D GRERRTRRGS Wb h :
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't by day ] P
2 by wesk
3 by month

4 by quarter

5 by yeer

6 by transaction ez :
(Enter here): 3 ‘ r

A decision concerning wulwmty the ?ch for
not be miite. : This' "

(31) e WW& w g

Would you like product IW
(Please key in yes or no)' !

mswmmuwﬁwww“ﬂ

PROCTOR reasks the queston.

‘«ssmwmwww
(Please key irlposior Ak ygg o5 1o o o T s o

PROCTOR s wiew able:tis piivkls n Socksion.” Tt docidis’itut dais 1i sty
Jorecasting system sheuld be pessible. :

The data for forecasting of the purchasing depirtieat’ Yo remsons for the .
decision are that - <R '
.- 1 sales records sre present. . o i s
2 backorder records in the p § dipt ora pridant o
3 errors are absent in the ssles records of MM_WM
4acompmnthmm-§g’ofwmgm 9 pyrches Wmﬂc
8 the length of the sales records of the wmwkm less then om yeu,

= ﬁé‘w

Since you have records of ssles and backorders that are error free, lt should be poutblq to

recreste a good estimate of your demand pstterns. Ehalagr it

Nubc,PmURMMndymo!lmdthuMh"‘ .
Im‘.‘ g eess R i ERTT

A component to handie middle-range forecasting is pouiblo The ressons for the dochba e
that
1 the data for forecasting of the purchasi
2 the average length of the data féfﬁce
than.one yesr.

PROCTOR returns to iss considerations of an aggregete plan. (It will comtinue ferecasting
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" investigations in a later part of the session.) An aggregate planning module is feasible and
PROCTOR comments on the type of model that must be used. (This knowledge could be
elaborated to provide a more detailed description of an LP.)‘

A procurement aggregate planning module is feasible. The reasons for the decision are that
1 the average number of the variables of the aggregate purchasing plan of the
purchasing department is not more than 1500.

2 the average number of the constraints of the sggregate purchasing plan of the
purchasing department is not more than 1000.

3 a component to handle middle-range forecasting is possible.

4 a procurement aggregate planning module is needed.

Concerning the details of a procurement aggregate planning module: Procurement amounts for
‘product types, non-product families and non-product non-family items that are subject to
external constraints should be determined by means of a linear programming model. This model
should optimize holding and storage costs while obeying external comtulnts The reasons for
the decision are that

1 a procurement aggregate planning module is feasible.

2 external constraints are present.

Product aggregation is needed to make the aggregate plan feasible. In addition, ¢ product
disaggregation routine is required to allocate planned procurement amounts to family
members.

A component to handle product aggregation in the purchasing department is
needed. The reason for the decision is that a procurement aggregate planning module is
feasible. Concerning the details of a component to handle product aggregation: Items and
families that share common inventory characteristics and demand patterns and that are subject
to external constraints should be aggregated into product types for purposes of aggregate
planning. This is because external constraints are present in the purchasing department and a
procurement sggregate planning module is feasible. A module for product dissggregation in the
purchasing department is needed. This is because a module for product aggregation is needed -
and a procurement sggregate planning module is feasible.

PROCTOR requires an estimate of family ordorhl‘ costs before it decides on the type of routine
to be used. 1f costs are small, an equalization of run out times routine will be appropriate.
Otherwise, Knapsack or Hax-Meal should be used.

(42) Mr. Smith, please give a rough estimate of the average direct ordering cost.

Please select one of the following:

1 less than 0.5 dollars

2 between 0.5 and two dollars
3 between two and 5 dollars
4 between 5 and 10 dollars

% between 10 and 25 dollars
6 between 25 and 50 dollers
7 between 50 and 100 dollars
8 more than 100 dollars

(Enter here): 3



the msfn:.::!

Jor plccin‘ . typlul luum-inu

Plesse ,-q,'&d,. one 9' }h! "'m"“

1less than 5

2 between 5 and 10
3 between 11 and 28
4 between 26 and 50

- 5 more than 50
(Enter here): 3_ | ‘ _ |
Kupuck is the moss cppnpdcu lhqmmba mtiu

Concerning the details of a module for pmdu:t dklum n%mmmm.nt
You should use the Knapsack or Hex-meal duunpﬁon Od'lll?' in eliocsting plenned product
type procurement amounts ta family and o 3 L HRoruRt Sumes. These .
mm‘ wnrk wf fg ’ Y T Y hood TELTL et 3 ALt L
thodncisibﬁarlﬁi;! R ' )

1 a component to handie product dissggregation is nesded.

od family m mn-wv nmmmmmm mm d.»-rtmt is

lead times or i)
Wc'wjt.m’r ’_, o Tl e wESITL 0N g Dy 0 : ,}t ) e e
Please select one of the foliowing: R TR B

1 very constant ' e

2 reasonstly constent
3 fairly variable -
4 extremely variable e

(Enter here): 3

(45) Now are the items that exhibit varisble lead-times mmmuu mm
control?

(Please key in yes or no): yes

(46) Mr. Smith, can you give a percent estimate of the mmbor of your items that are m ;
by lead time dependencies? _
(Please key in s vaiue): 15
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A module for:lead time determinetion is needed. - Ththrﬁudie‘k&nhMyou -
. WthwWth o«m‘j’ Fenaing Bipirment

(A7) And M. Smitdooe Nva abilify
(Please koy ia yos.or nokn

(48) Does the lead time vnriability dopond on tho sesson?
(Please key in yes or no): ygs '

Vendor dependencies exist only when thore are multi-vender ftwms.
(49)Doywhwouomthdcmbomhmdfrunmdmmt?
(Pleass key in yes or no): n .

sage Y Y

(50) Mr. Smith, do you keep historical records of lead times? -
(Plesse key in yes or no): yes

A forecasting system is pessible since seusensl dependensies ov ;W:uutua-.. resords
mcnﬂc“c. AT A ’

A lead time forscasting module is possible. The reason for the decision is that lead time.
dependencies are present. wmmmﬂdkdnmhhcﬂ!bﬁtm
.d.tomimtion. A loed tm“foucu!h; systom m&_ wples or . tem thcthm

Adocisioneoncorningthﬂypoonmoduﬂorm imglg,,»
The resson for the ‘décision is that it is ndt known '

PMCTUR bcﬂlu lmuﬁmlonl inte mlor

NoumehmeWMmmm
investigations are not continued.

A component tohandonndorgdoctlonlntho >
reason for the decision i thit: veAdor ridiofts re

Pnocronb-mummm-mmuwm,.,M.,\,V.
..mmymmmm

And Mr. Smith, do you need in explenation vmh rmm to the m. of hoiding cost
sssociated with carrying e unit of an item in invoniory N‘ﬂ; Q M NEe
(Plesse Ky in-yos or nok: yis ,

The primary components of the lnvon

in inventory, handling, pilferags, demage, bresk:
obcolounco, atorqo. insurands, taxes, oft. &
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inventory holding costs are the. cost of capital nnd {axses. The relevent part.of these costs is
that one that is directly. ugi%" L vallie: since the:inidense of thees:components:
in establishing the inventory costs ¢ ‘on the unit cost of the item, the impact of
thcucompomntslseombm plo.a single figure.canceses . aaseehiage of the unit: ctet
oﬂhitomwﬁchw. the. 004k Euit for. anampley 1 an ilem with .unit cest
“of $10.00 hes & 20% cost it means hat it cost $2.00 to keep &-unit of:thet item.in -
inventory for a year.

(51) And Mr. Smith, what is the purchase cost for most of your items?.
Please select one of the following:

1 less than 0.5 dollars
2 between 0.5 and two dollars
3 between two and 8 dollars
4 between 5 and 10 dollers

5 between 10 and 25 dollars
6 betwesn 25 o

7 between 80 end 100
8 more than 100 doliers

(Enter here): | :

M. Smith has just reelized dm he gave o rrong ansues to quontien. 48, Ho hos many foams
“that are supplied by more then one vender. He imtarrnpte PROCTOR to.raquest. ¢h
be reasked. T R e T

So far the following will be changed: Tho answer to quuﬂon a9 eoncornin( multi-vondor itm
in tho purchmng dbpurtment oy v

PROCTOR roaski ihe question and mollplm iu ve
support.

(49) Do you have items that ' can be purchased from monl dm.mnt voadors?
(P!ommlnmormﬁ-m

Nou:hctnamofiou%&hcmthmdmonhdbnunmﬂulnldm

::‘“.:‘ ted. | Simply skips the res _MM o

(52) Do differsnt vendors have si;umclmly dlffnront puuhu&ubldﬂmn?
(Please key in yos or* noxn

There are no vendor tradesffs so & module for vendor selackiay m neoes
(53) Mr. Smith.doosth.prmoﬂhihmchmowﬂh divichs
(Please key inyssor no:n o

.

A module for vendor selection is unnecessary. The reason for tha d‘dshn is. that vendor i
tradeoffs in the purchain; department are sbsent.
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Please seloct one of the following:

. 1iaes than 08 doters - o o

2 between 0.5 and two doflars ‘ e
3 betwedir twe and O-dolisrs - SRR o
4 between 5 end 10 dollars ' s
5 between 10 and 23 dollars

L 6 betveen 25 svwl 38 doliars -
7 between 850 and:100 Yollers: -
8 more then 100 dollers

(Enter here): 3

(58)Mr: Sith; provide o rough estimate of the Iwentory WM ohpronesd ae o
percentage of the item's unit cost. R

Plesse ssiuct one 0f the fallowing:

1 less than 10 percent

2:between 10 end 15 pércent :
3 between 15 and 20 pereont- -
4 betweei: 20 sivd 25 pereant

5 betwesn 25 and 30 percent

6 more thnn 30 pomnt

(Entof horo)~ 4

Frem mmm; Ml‘udt” .

Replenishment rates determine the type of EOQ formuls to be nsed. '
(55) Do you have any items whou purchm ord.n mm! wcejved
(Ploase hey:in yos or noky -

PROCTOR nmm:thﬂmnm.[wdcmmulmmuucm
Jormula be waed for isems with-sconemies of soale.

‘Concerning the details of & routine for computing €oq’s: Order quaniitiey may be m.rm)n-d by
tha standard: eog formula. for mdet:of your Hemé. Th " y o'

instantaneous replenishment rates should use the soq formuls tht takes rm Tates
into consideration. A formula that tahes economiss of scele into consideration should be used in
determining the order quantities of Hemes end families 1St Neve: cOPNIN Wednoalgs OF scale In
ordering from ventiors.  This hmmﬁd“wwﬁﬁ goaibIS &

for joint ordering constraints is fessible and joint ordering corsirainty ere ¢
with non-instantaneous replenishment rates in the purchasing diiarting
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Special support is required for extremely expensive ftems. Unfertunately, rmm nm
make an evaluation based on Mr. Smith’s answers.

(56) Are there extremely expensive items that deserve a cpoeh! m syﬂln!

(Please key in yes or no): ?

A decision concerning the necessity of s routine for determining ordet mmo: of extremely
expensive items could not be made. Tmtsbnmnhmmmmm
expensive items in the purchasing department are present.

PROCTOR completes investigations into fonuawuv

(57)ooyouwrmguMimwmmmmmmiw
(Please key in yes or nof'-!

Mr. Smith has other idees: he decides to change his answer conosrning non-instentanseus
replenishment rates.

So far the following will be changed: The response to question BQM itm with non-
instantaneous replenishment rates. ncenter Execution continnes - _
(55) Do you have any items whose purchase orders are not m#m

(Please key in ygs or no): n

PROCTOR roeomputn the evaluation of the deteils of the EOQ mmn hu lm net neolup-u

the evaluations imolhaduwhyo!nmm

Concerning the dohﬂ; of a rautine f9f £om
formula ghbuﬁ blumd for | ,_t_ of you

' lnrdﬁtlm fcii' computiu coqh?kpéu ) ‘
2a modub for W mmmmm is !mlbb.

- Records of seesen ,'.'mcbmmn{m Wmmm .
ftsmgowaa'mwrmdufmum(umm)mmmm
ems

(Please key in yes or-nok: n v o TS S O A X e

awmuuulmmpmnmm,dmmmam
is aveilable.

A component to handle the foucsﬂn; of seasonal leme hm Thom!u the
docnion are that

1 the data for forecasting of the. purchasing deparimant.ia. aveilable.

2the aversge mw updmm Mmmmmm m

. than one yesr,

Smddmmmhm‘d*udaninmm
(58) How many different smm doyeu hmmm ond itm?

Please nloct m of the fo%uim

whing, m’& mma esonemic grder: whtv
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X XL
a‘a-wm [

,,5 moro than 5
(Enter hate): 6 ) S e
Umlndulamimumuundﬁomdhﬂh&pﬁiﬁolunlu S hos.o
such items (Christmas candy, for ezample). S:pm oan cdly be tlit the |
mnncl fomcﬁu‘,wa _ .

(60) Ao théss Timited sules sedson ftere imporient M 16 roquice 8 5 ol contrel ;m-m
(Plesse key in yes or no): yes - R ‘

(GI)WW Wﬂ\.m auaevlh
: thoondpfthgunon? SR
Hauouhctomormoﬂhfouwm:

v RN LGS

“ jf‘.tmmmh.mr

(Entor here): 1 2 2

(62) Approximet
(Ploass” ’y f’ﬁ e valuo')!

A moduie for the forocuﬂn.ofumﬂod-ulu-umnihmhmdod. Thio hhocmyw
decided that the limited-seles-sesson items of the purchasing department.are important,

ﬁomnhp o, your end um mmlmﬁm!

m

) Ars tmr..mmlmulmmm@mmmwsmmm
( lonse Koy In yes or nok yps

. (64)Mothumwmmsmﬂﬂmhmmnmmw

(Please key in yes or no): yes

(68) Can you |ivo a the poreonh.o of !fnm ﬂni e, m ms?
(Please key in a value): ?

A module for tha forecasting ofm moving items hm np»gamm tnmmu
that you decided the} the slow-moving itams.of 1he daepl. are: importeat A
component to handle the for g of siow-moving Hems . The resson for-the

mmuthnmm.wmaﬂudmmwhwm
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Concerning the details of a module for the forecasting of slow-moving ihum The
forecasting of demand for slow movers can be done by exponentisl smoothing with a very small
smoothing factor. This is beceuse a module for the forecaating of dov-movin; items Iné
purchasing department is needed and a component to handie the forecasting y
itomlnthwchuluWhmMAmmmmm { '
is needed. The resson for the decision is that seasonal items sre present.
(66) Are there items with lumpy demand (i.e erratic demand behavior where poriodt of vory
ﬂw demand are follqwed by mh ) damand re . 3

wmmwrﬁhn "5" ST

A module for the forocuﬁu of items with m'mc domnd is umsury 'ﬁn reason for the
decusuonistha!ltnmwjth_orr‘,icdov?_, A - . deperie s absent. A

compbrint 1o hendi8 the
with trends are absent.

(67) Do z:u have fuhiombh)tm’: (i.o itoms, that have & short uggm,m. Nsh obe

(Please key in yes or no): n

A component to handia the forecasting of tashionsbiy iteine Is unnecessery. This is beca
fashiorisble items aré Gbesr LT ' :
(68) Do you carry promotiom that grestly affect thn demand paﬂom of your ‘ond i‘im!
(Plusokcyinynorm)-? ’ . .

could not be mace. This is because it is not known whether proinbips
(69) Mr. Smith, do you carry advertising campaigns thet greatly aff
your end items?

(Please key in yes or no): ?

A dacision concerning the necessity of a component to handie the forec
items in the purchasing ¢ : ' be s beta KK
advertised items are present.

(70) Do you think it is tmportmt to provido support for pndicﬂn‘ tho ;ro\wth, maturity lnd
'doclyﬁyowiw ' el e

“ A& module to-support: nwmofmm patterns is Unribcessary.
reason for the: deeisiofis that you decided st the: suppoFt SEDHEdiction item-Hife
unimportant. .
(71) Do you have sbnormiatlytargs Orders tiue 16’ spectil ortiers, errke, Brod
you handle as special orders you would like to be screened out of A n
procedures?

(Please key in y#s or-no): yes

o, 'stc) that .

[y
AL

(72) Now are thess sbnormally large orders (duo to speciel ordon. errors, promotiom. otc.)
frequent enough o require a roitind syitem to Be st tp
(Piease key in yes or no): n

A moduie to filter lirge orders'is unnecestary. The rasson for the det iﬂﬁntybudldd!d
that the control of items thit experience fmw&’ort&*tﬁ‘ purchiding department is
un' !.M ~ o5 S RN )
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PROCTOR can now describe the details of the module for Mh renge. Imuh, "PP'"-
| Concerning the detais of a compbnent to handie middle ‘

domand for product types, non-type families mf AR SRR

by exponential smoothing. Thase forecests

snnidi-demainds of ine ha W

aggregate planning module s m.»msr. Of siow o

This completes a first MPROCTORM»WMM.&I&!MMM:W
responses can be checked fer correciness; evaluations may he summaering nr,smwu
save the session before continuing any further. ﬂ good w‘ T s

You are st top level. Pisase select one of the following:

1 quit :
+ 2 continue the analysis |
3 help
4 change answers
5 summarize the analysis

(Enter here): 1

And Mr. Smith, do you really went to quit?
(Ploase koy in yes or nok yey .

Do you wish to save what you havi ‘done 50 far?
(Please key in yes or no): yes

ot SR

A record of this session will be saved. Do want a listing of the session submitted for printing?
(Please key in yes or nok n e

Welcome back Mr. Smith!
Todly is April 27 1976 Tho time is &03 b,

You are continuing the anslysis sterted on Apﬂl 27, i‘i?c it 7438 pm. Yo;g@m ot 20p Jevel.
Please select one of the fol!owin;

‘laq““ e R e s X
2 continue the omlylis e e s
3 help T

4 change answers

5 summarize the analysis

(Enter here): 4
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Mr. Smith decides that seasonal lead umlqnﬂadummmmdmcm
znfumwmmm-mpumu o

The current qmﬁon numbers rm from 1 to72 Pbm hy in th- numbnn corrnpm to
questions whose snswers you wish to change. P
(Ploase’ kay them in)‘ 4

"’jgd: Tlnfmpnm qusnan Mmmm duru of

So far the foﬁo\vim will bi
- variability of the Yead-times &t the purcha
Do you want to y'more?

(Plesss key in yes or nokn

Do you wish to delete any requests?
(Please key in yes or no): n

(44) How would you characterize the varisbility of your purchasing hgd times for most of your
purchased items?

Plom select one of the following:

1 very constant

2 reasonably constant
3 fairly variable

4 extremely variable

(Enter here): !

An error: Mr. Smith requested the wrong question to be resshed. mmpu PMﬂhtk
'Mdlco[cchuacﬂmmthumglkm P

You are at top level. Plesse select one of the following:

1 quit
2 continue the analysis
3 help
4 change answers
‘B-summarize the snalysis

(Enter here): 4

The current question numbers range from 1 to 72. Plsase koy in the numbors eorrnpondin; to
questions whose snswers you v:ish to change. B ‘ o
(Please kéy ﬂ\gu inFa8

So far the following will be changed: The response to quuﬂon 48 eoncomiﬂg soasonsl. load
time dependencies in the purchasing department.

Do you want to change any more?

(Please key in yes or no): n

Do you wish to delste any requests? |
(Please key in yss or no): n
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PROCTOR muss still reask question 44.
(44) How would you characterize the variability of your purchasing lead timos for most of your
purchased items?

Please select one of the following:

1 very constant

2 reasonably constant
3 fairly variable

4 extremely variable

(Enter here): 3

The response to question 48 is now being changed
(48) Now Mr. Smith, does the iead time variability depend on the selson?
(Please key in yes or no): n

There are now no lead time dependencies so0 a lead time forecasting system is inappropriate.
(Notice, this section illustrates PROCTOR’s environment mechanism. PROCTOR has invalidated
all references to evaluations concerning lead time forecasting.)

PROCTOR comidefs alternative variable lead time support. Emergency lead times can be used
when items are unexpectedly understocked. Safety lead times are useful in providing
insurance against stock outs.

(73) Now do your vendors quote an "omergenéy" lead time for critical items?
(Please key in yes or no): yes

(74) And Mr. Smith, whenever the purchasing lead tims is quite uncertain, a safety lead time can
be added to the average lead time to take into account the uncertainties associated with lead
time calculations. Do you favor the addition of a safety lead time?

(Please key in yes or no): yes

(75) Are there quantity restrictions associated with the emergency lead time?
(Piease key in yes or no): yes

(76) Now Mr. Smith, is there a price increase associated with the emergency lead time?
(Piease key in yes or no): yes ,

PROCTOR redetermines the details of a/ system for lead time support.

Concerning the details of a component to handle lead time determination: A safety lead time
should be added to your best current estimate of the procurement lead time when order
amounts are to be determined. Emergency lead times should be used only when items are
unexpectedly stocked out. This is because emergency lsad-times are present and restrictions
are present and you decided that the safety lead-times of the purchasing department are
appropriate.

PROCTOR has nothing more to do: it awaits further instructions.
You are at top level. Please select one of the following:

1 quit
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2 continue the mdysh
3 help

4 change enswers

5 summaerize the anslysis

(Enter here): 4

Mpr. smchummwwhchmqmwumnbllwthqmmﬂuudms
‘that question 29 be resshed.

The current quection numbers range from 1 to 76. Plesse key in the numbers corresponding to
qmtbmwmumw«oywvhhtochm :
(Please key them in): 29

So far the following will be changed: Tﬁomwtoqmdbu”abouﬂhthnwbdmr
oftmmrumwmﬂmﬁthmh‘mm

Do you want to changs any more? .

(Plcmhymyuormm '

" Do you wish to delete any roqunhf ‘
(Please key in yes or nok n

(29) What time periods do you think you should use to divide your time hotizon?
Please select one of the following:

1 calendar week
2 2 calendar weeks

10 20 working days
11 4-4-%5 week division
12 I don’t know

(Enter here): 5

infeasible unless time portody or
how Pmm&mff e a

A procurement agitregaté’ Mﬂ( rocie fs inhslbh Thlc is becaces the average number of
the variables of the aggregste purchasing plan of the purchasing doportmt is more than 1500

Unfortunately, M#. Smith f.r,u a-h;‘ he choss ek an ag,

and a procurement aggregate plenning module is needed. The m m roquired for .
the aggregate plan makes it ‘impractical. aggrogating time
periods in the planning horizon or further aggragating Rrogu tmm be.considersd.

In changing the number of time poriods, Mr. Smith affected the evalustion of the fousibility
o!uc;mmcmwhmmmh&mlwmm”lmudum /4
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an aggregate plan is infeasible, it may be that no middle range forecasiing system is required.
PROCTOR, therefore, recomputes evaluations of forecasting that are affected by the change in
the evaluation of aggregate plan infeasibility. Here, a middle range system is still required
since support is needed for a joint ordering interactions module. ,

Concerning the details of a module for middle-range forecasting: The demand for
product types, non-type families and non-family non-type items should be forecast by
exponential smoothing. These forecasts may be diseggregated according to the relstive annual
demands of members. Demand for slow movers can be forecast by exponential smoothing with a
small alpha. This is because a component to handie the forecasting of seasonal items is needed
and a component to handle the forecasting of seasonal items is possible and a module for the
forecasting of slow-moving items is needed and a module for the forecasting of slow-moving
items is possible and a component to handle joint ordering constraints is feasible.

Evaluations of the necessity of product aggregations are affected. Mr. Smiih states that he
does not want aggregation for reporting purposes. PROCTOR concludes that product
aggregation is unnecessary based on current evaluations: why aggregate if an LP is infeasible?

(31) It is sometimes useful to aggregate items up to the product level for reporting purposes.
Would you like product aggregation to be considered for this reason? '
(Please key in yes or no): n

A module for product aggregation is unnecsssary. This is because a procurement aggregate
planning module is infeasible. v

PROCTOR returns to the top. . . .
And Mr. Smith, you are at top level. Please select one of the following:

1 quit .
2 continue the analysis

3 help

4 change answers

5 summarize the analysis

(Enter here): 4

PROCTOR assumed a time horizon of more than 12 months for the aggregate plan. Mr. Smith
decides to specify a horizon of 6 to 13 months hoping that this will change the number of
variables in the LP. (Clearly, an explanation system and some sort of debugging Jacility will
someday be required if the user is completely unfamiliar with the methodology. We assume,
however, that the user is intelligent enough to know that such a change can affect the number
of variables in an LP.)

The current question numbers range from 1 to 76. Please key in the numbers corresponding to
questions whose answers you wish to change.
(Please key them in): 27

So far the following will be changed: The answer to question 27 concerning the length of the
horizon of the aggregate purchasing plan of the purchasing department.

Do you want to change any more?

(Please key in yes or no): n
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Doywwhhtodobhmnqudﬂ
(Plomhy'hyuwm)m

(27) And Mr. Smith, can you give an estimate of an appropriste time horizon for en aum.to
plan?

Please select one of the Ma

1 less than 8 months ‘
2bohnon8tﬂlt2'm
3 more then lzm
Aﬂutmum ‘

(Enhr here): 2

The onlwkm heve not ema. PROCTOR duﬁyndm-mm

A procuromont aurouto pllnnm( modulo is infeasible. This is bocguu,th.
the variebles of the- sggregity: pistchiising plan ot the ) ehrmq departmer
and a procurement aggregatiPiihing modulé is néuthd kiof
the mro;uto plan makes it computationally impractical. Tho possibill
periods in the planning horizon or further q;n'}d_» prom 1
Conosraing:the detalis 6f ¥ niothile for m ¥ % 0
The demand for product types, non-type families and non-family ma’-fy 3
forecast by exponential smoothing. These forscasts may be disagg
relative annual demands of members. Demand for siow movers can - y ox;
smoothing with a small sipha. This is beceuse a component to, handt thp forec lﬂ"’. ot -
seasonal items in the purchiasing depirtrient s neetied #hd o 46 for tRs torecasting of

~ seasonsl items is possible and a component to hendie the forecasting of slow-moving items in
the purchasing dapartment is nesded and a component to handie the. fomagingrgf nlm-mvmg
items in the purchasing department is possible and s procurement nog
feasible and a component to handie joint ordering constraints is fessible. A componert 1o }
product aggregation in the purchasing department is unnecessaery. TN: h DACYUsS 8
procurement aggregate planning module is infessible. o

MM!@!

%‘"“

You are at top level. Plesse select one of the following:
-1 quit
2 contm the mdyﬂs
3 help p o
4 change snawers
‘5 summarize the enalysis
(Enter here) 4

Mr. Smith remembers that he lu not cpocify mmmw CONracts were presens. He hopn
to remove the infeasibility evalustion by completely specifying the problém.

So fer the following will be. Wz ‘Rn resporss wwtm 19 eomminc vmdor contracts.
PROCTOR continues execution. . . ‘ “
Notice that this change has absolutely ne effect on the evaluation. The change to the number
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of constraints does not affect the evaluations since an aggregate plan is clndy infeasible due
to too many variables.

(19) Are there contracts you sign with individual vendors which force you to define a fairly
constant purchasing rate every month?
(Please key in yes or no): n

You sre at top level. Please select one of the following:

1 quit

2 continue the analysis
3 help

4 change answers

5 summarize the analysis

(Enter here): 4

Mpr. Smith finally takes the most reasonable course of action. With a listle thought, he becomes
convinced that there is more product aggregation than he had originally specified. He
therefore requests a change to question 25,

So far the foliowing will be changed: The answer to question 25 concerning the number of the
product types of the purchasing department.

PROCTOR continues execution. . . .
(25) And Mr. Smith, how many product types are there?
Please select one of the following:

1 less than 11

2 between 11 and 20
3 between 21 and 50
4 between 51 and 100
5 more than 100

(Enter here): 3

PROCTOR recomputes only affected evaluations. It does not review she entire session. It finds
offected changes by following direct dependencies. Notice that the problem is now feasible but
with a different set of conditions: the number of product types has decreased and tln number
of time periods has increased. .

A procurement aggregate planning module is feasible. This is because the sverage number of
the variables of the aggregate purchasing plan of the purchasing department is not more than
1500 and the average number of the constraints of the aggregate purchasing plan of the
purchasing department is not more than 1000 and a component to handie micdle-range
forecasting is possible and a procurement aggregate planning module is needed. Concerning the
details of a module for middie-range forecasting in the purchasing department: The demand for
product types, non-type families and non-family non-type items should be forecast by
exponential smoothing. These forecasts may be disaggregated according to the relative annual
demands of members. Demand for slow movers can be forecast by exponential smoothing with a
small alpha. The reasons for the decision are that
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1 .eompommmmmmmwamnmkwm.mm
the forecasting of seasonal items is possible.

2 a component to handie tho foucuth;of slow moving |

‘component 1o handie thi' ' y
3 a procurement aggregate planning mddo is fo
ordering constraints is feasible.

A component to handie product aggregation is needed. “Thé reuson tor the decision is that a
procurement aurqato planning module is feasible. A component to handle product
disaggregation is needed. This is because a component to hendle product ggg}lpﬂ is
needed and s procurement aggregate planning module is feasible. Cishedr WM
module for product disaggregation: Youahoutdwﬁnnmpnckwm mesl di

scheme in allocating plenned product type procurement amounts to family 4 o
members of product types. Thess schemes work best for situstiohs With' sbti
costs such as yours. mumgmmmd&mmmmm chasing
department is needed and the estimated family and non-family m ordufin' eod of the
purehuln;dtpartwﬂsmo h twodpﬂmmdﬂ,;,}
tamilies tm shiry Comon RIS e :
to external constraints d'aouk! bo luuuhd m
phmm The reasons for tho gﬂoion are that

2 & procurement mm planning module ™ ﬁ’mbh

modul Eroccggm smounts for.
amily ‘Mm!hchn ‘subject to

Concerning the details of a procurement ;ggrudo
product typos, non-product families and

should optimize hoiding and storage costs while obeying exterribl € " This is because &
woewmntmataptmmumudmmwumm '

You are at top level. Plesse select one of the following:

1 quit

2 continue the analysis

3 help

4 change answers :

5 summariu the malym IR O T T

(Enhr hcn‘): 5

ooooooooo

“the me of?;
mpuun Wi‘i&ft‘”

The followm; is alh’t of pooﬁbbw?nmrbs.
Hmnﬁé&mmmﬁtmmm
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1 print a summary of the facts collected
2 print a summary of the recommendations so far
3 print responses to questions

(Enter here): 1 2 3
y: | summary of facts determined by PROCTOR.

Date of session: April 27, 1976
Time session started: 8:03 pm

User’s name: Mr. Adam Smith
The following data is about KBS Foods Ltd.

The address of KBS Foods Ltd is Cambridge MA 02146. The activity of KBS Foods
Ltd is purchasing. ,

The number of the purchasing departments of KBS Foods Ltd is one.
The following data is about the purchasing department. ‘ '

Concerning the number of the items of the purchasing department, there are many.
The number of the items of the purchasing department is between 5001 and 10000. Joint
ordering constraints are present. You decided that the joint ordering constraints of the
purchasing department are significant. It is not known whether joint quantity discounts are
present.

Common ordering costs in the purchasing department are present. Joint economies
of transportation are absent. Economies of transportation are absent in the purchasing
department. Complex orders in the purchasing department are absent. Muilti-item orders are
present. A component to handle joint ordering constraints is needed. A component to handle
joint ordering constraints is feasible. Concerning the details of a module for joint ordering
constraints: Items that experience joint-ordering interactions and that share common inventory
characteristics should be aggregated into families. The percentage of family items of the
purchasing department is 70. On the average, the number of the family items of the purchasing
department is 5250.7. You decided that the family aggregation of the purchasing department is
possible. Your desire is to not aggregate families for reporting purposes. _

The percentage of non-family items of the purchasing department is 30. On the
average, the number of the non-family items of the purchasing department is 2250.3.

The number of the families of the purchasing depsrtment is betwsen 101 and 250.
A module for family aggregation is possible. A component to handle family aggregation in the
purchasing department is nesded. Concerning the details of s module for family aggregation:
Items that experience joint-ordering interactions and that are aggregated into families because
they share common inventory characteristics, should be ordered together to achieve benefits of
;conomi;; of scale. The number of the product typss of the purchasing department is between
1 and 50. .

On the average, the number of ths product types of the purchasing department is
36. A component to handle family dissggregation in the purchasing department is needed.
Concerning the details of a component to handie family disaggregation: Procurement amounts
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that are allocated to families should be allocated to family members so that items in families run
out simultaneously. External constraints in the purchasing department are present. You
decided that the external constraints of the purchasing department are important. The number
of the external constraints of the purchasing department is two. Seasonal-inventories are
present in the purchasing department. Vendor supply-limits are present in the purchasing
department. Vendor contncts are absent in the purchasing department. Financial constraints
are absent.

Storage constraints are absent in the purchasing department. Seasonal items in
the purchasing department are present. The number of the types of seasonal items of the
purchasing department is more than 5.

- You wanted assume the length of the horizon of the aggregate purchasing plan of
the purchasing department. The length of the horizon of the aggregete purchasing plan of the
purchasing department is between 6 and 12 months.

On the average, the number of the varisbles of the aggregate purchasing plan of
the purchasing department is 864. On the average, the number of periods the aggregate
purchasing plan of the purchasing department is 12. The average time period division of the
aggregate purchasing plan of the purchasing department is one month. The average length of
the horizon of the aggregate purchasing plan of the purchasing department is 12 months. A
aggregate purchasing plan in the purchasing department is absent. Your desire is to assume
the time period division of the aggregate purchasing plan of the purchasing dopartmont. The
time period division of the aggregate purchasing plan of the purchasing department is one
month. On the average, the number of the constraints of the aggregate purchasing plan of the
purchasing department is 864.

A procurement aggregate planning module is needed. A procurement aggregate
planning module is feasible. Concerning the details of a procurement aggregate planning
module: Procurement amounts for product types, non-product families and non-product non-
family items that are subject to external constraints should be determined by means of a linear
progrsmming model. This model should optimize holding and storage costs while obeying
external constraints. The percentage of aggregastely-planned items of the purchasing
depsrtment is 65. You decided that the product aggregation of the purchasing department is
possible. ,

You didn’t want to aggregate product-types for reporting purposes. A module for
product aggregation is needed. Concerning the detsils of a module for product aggregation:
Items and families that share common inventory characteristics and demand patterns and that
are subject to external constraints should be aggregated into product types for purposes of
aggregate planning. A component to handle middle-range forecasting in the purchasing
department is possible. A module for middle-range forecasting is needed. Concerning the
details of a module for middle-range forecasting: The demand for product types, non-type
families and non-family non-type items should be forecast by exponential smoothing. These
forecasts may be disaggregated according to the relative annual demands of members. Demand
for slow movers can be forecast by exponential smoothing with a small sipha. Items with
trends are absent in the purchasing department. The data for forecasting of the purchasing
department is available. The average length of the data for forecasting of the purchasing
department is more than 3 years. Demand records are absent. A decision concerning the
necessity of a module for long lead time determination could not be made.

A decision concerning the type of a module for long lead time determination could
not be made. It is not known whether long lead time items in the purchasing department are
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present.

The degree of variability of the lead-times of the purchasing department is
variable. Imported items are absent in the purchasing department. Sales records are present.
Data errors are absent.

The length of the sales records of the purchasing department is more than 3 years.
Backorder records are present. A module for product disaggregation is needad.

Concerning the details of a component to handle product disaggregation: You
should use the Knapsack or Hax-meal disaggregation scheme in allocating planned product type
‘procurement amounts to family and non-family item members of product types. These schemes
work best for situations with setup and holding costs such as yours. The estimated family and
non-family item ordering cost of the purchasing department is 72.

The average family and non-family item ordering cost of the purchasing
department is 12. The computed ordering cost for multi-item orders of the purchasing
department is 72. The item ordering cost of the purchasing department is between two and 5
dollars. The average item ordering cost of the purchasing department is 4. The number of the
items per order of the purchasing department is between 11 and 25. A component to handie
lead time determination in the purchasing department is needed. Concerning the details of a
component to handle lead time determination: A safety lead time should be added to your best
current estimate of the procurement lead time when order amounts are to be determined.
Emergency lead times should be used only when items are unexpectedly stocked out. You
decided that the items with variable laad times of the purchasing department are important.

The percentage of items with variable lsad times of the purchasing department is
15. Lead time dependencies are absent. Vendor lead time dependencies in the purchasing
department are absent. Seasonal lead time dependencies are absent in the purchasing
department. Order size lead time dependencies are absent. Multi-vendor items are present.
Vendor price tradeoffs are absent. Lead-time records are present. Vendor tradeoffs are
absent. A component to handle vendor selection in the purchasing department is unnecessary.
A routine for computing ®0q’s is possible. Concerning the details of a routing for computing
eoq’s: The standard economic order quantity formula should be used for most of your items. A
formula that takes quantity discounts into consideration should be used in determining the order
quantities of items and families that have certain economies of scale in ordering from vendors.

The estimated item holding-cost of the purchasing department is 0.92. The
purchase cost item of the purchasing department is between.two and 5 doliars. The variable
item holding cost of the purchasing department is between 20 and 25 percent.

Items with non-instantaneous replenishment rates are absent. It is not known
whether extremely-expensive items in the purchasing dppartment are present.

A decision concerning the necessity of a routine for determining order quantities of
extremely expensive items could not be made. A module for the forecasting of seasonal items
in the purchasing department is possible. A component to handle the forecasting of seasonal
items is needed. Records of seasonal factors are absent. A module for the forscasting of
limited-sales-season items is needed. Limited-sales-season items are present in the purchasing
department. You decided that the limited-sales-season items of the purchasing department are
important. The percentage of limited-sales-season items of the purchasing department is 10.
The limited-sales season item overage cost of the purchasing department is the cost to liquidate
and the off-season holding cost. Slow-moving items are present. You decided that the siow-



158

moving items of the purchasing department are important. The porunti;o of slow-moving
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2 joint ordering constraints are present.

A module for family aggregation in the purchasing department is possible. The reason for the
decision is that you decided that the family aggregation of the purchasing department is
possible. A component to handle family aggregation is needed. This is because a module for
joint ordering constraints is feasible. Concerning the details of a component to handle family
aggregation: Items that experience joint-ordering interactions and that are aggregated into
families because they share common inventory characteristics, should be ordered together to
achieve benefits of economies of scale. This is because Joint ordering consiraints are present
and a component to handle joint ordering constraints in the purchasing department is feasible.
A module for family disaggregation is needed. This is because a module for family aggregation
in-the purchasing department is needed and A component to handle joint ordering constraints is
feasible. Concerning the details of a module for family disaggregation: Procurement amounts
that are allocated to families should be allocated to family members so that items in families run
_ out simultaneously. This is because a module for family disaggregation is needed and a module
for joint ordering constraints is feasible. A procurement aggregste planning module is needed.
This is because you decided that the external constraints of the purchasing cepartment are
important. A procurement aggregate planning module is feasible. The reasons for the decision
are that

1 the average number of the variables of the aggregate purchasing plan of the

purchasing department is not more than 1500.

2 the average number of the constraints of the aggregate purchqsmg plan of the

purchasing department is not more than 1000.

3 a component to handle middle-range forecasting is possible.

4 a procurement aggregate planning module is needed.

Concerning the details of a procurement aggregate planning module: Procurement amounts for
product types, non-product families and non-product non-family items that are subject to
external constraints should be determined by means of a linear programming model. This model
should optimize holding and storage costs while obeying external constraints. This is because a
procurement aggregate pianning module is feasible and external constraints are present. A
module for product aggregation is needed. The reason for the decision is that a procurement
aggregate planning module is feasible. Concerning the details of a module for product
aggregation in the purchasing department: Items and families that share common inventory
characteristics and demand patterns and that are subject to external constraints should be
aggregated into product types for purposes of aggregate planning. The reasons for the
decision are that

1 external constraints are present in the purchasing department.

2 a procurement aggregate planning module is feasible.

A module for middle-range forecasting is possible. The reasons for the decision are that
1 the data for forecasting of the purchasing department is available.
2 the average length of the data for forecasting of the purchasing department is not less
than one year. ,

A module for middle-range forecasting in the purchasing department is needed. The reason for
the decision is that a procurement aggregate planning module is needed. Concerning the details
of a module for middle-range forecasting in the purchasing department: The demand for product
types, non-type families and non-family non-type items should be forecast by exponential
smoothing. These forecasts may be disaggregsted according to the relative annual demands of
members. Demand for slow movers can be forecast by exponential smoothing with a small alpha.
The reasons for the decision are that

1 a module for the forecasting of seasonal items is needed and a module for the
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A decision concerning the necessity of a routine for determining order quantities of extremely
expensive items could not be made. This is because it is not known whether extremely-
expensive items are present. A module for the forecasting of seasonal items is possible. The
reasons for the decision are that

1 the deta for forecssting of the purchasing department is availsble.

2 the average length of the data for forecesting of the purchasing department is not less

than one year. :

A module for the forecasting of seasonal items in the purchasing department is needed. This is
because seasonal items are present in the purchasing department. A module for the forecasting
of limited-sales-season items in the purchasing department is nesded. The reason for the
decision is that you decided that the limited-sales-season items of the purchasing department
sre important. Concerning the details of a module for the forecasting of slow-moving items:
The forecasting of demand for siow movers can be done by exponential smoothing with a very
small smoothing factor. This is because a component to handle the forecasting of slow-moving
items in the purchasing department is needed and a component to handle the forecasting of
slow-moving items is possible. A module for the forecasting of slow-moving items in the
purchasing department is needed. This is because you decided that the slow-moving items of
the purchasing department are important. A component to handle the forecasting of slow-
moving items in the purchasing department is possible. This is because the data for forecasting
of the purchasing department is available. A component to handle the forecasting of items with
erratic demand is unnecessary. This is because items with erratic demand are absent in the
purchasing department. A module for the forecasting of items with trends is unnecessary. This
is because items with trends are absent in the purchasing department. A component to handie
the forecasting of fashionable items is unnecessary. This is becsuse fashionable items are
absent. A decision concerning the necessity of a component to handle the forecasting of
promoted items could not be made. This is because it is not known whether promoted items are
present.

A decision concerning the necessity of a component to hardle the forecasting of
advertised items could not be made. This is because it is not known whether advertised items
are present. A module to support the prediction of item life patterns is unnecessary. This is
because you decided that the support of prediction item-life is unimportant. A module to filter
large orders is unnecessary. The reason for the decision is that you decided that the control of
items that experience large orders of the purchasing department is unimportsnt. The current
question numbers range from 1 to 76. Now the following is a list of possible summaries of
responses to questions.

KRR KRR KRRk R Rk kiR kkckkkkkkkkk kR kkskkkk koo
A summary of responses entered by Mr. Smith.
Please select one of the following:
1 print a summary of all questions
2 print selected questions
3 return to toplevel

(Enter here): 1
Question one
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concerns the name of KBS Foods Ltd
mpem Rﬁs Fnﬁs td

Question two - '
concerns the address of KBS Foods Ltd
response: cw NA 30

Quostion 3
concerns whether the acﬂvity of KBS Foods Ltd is purehulm
response:’ yu - '

Quostoow 4 '
concerns the number o! tho purm
Foods Ltd

rupemos 1

Question 5
wmmwmmmrommnmdmmwm

mpcmyis

Question 6 ' ’ ‘
g mmmamammwmm
rosponu' lbunt

Q tion7
oommthﬂﬂmofmmmm
~rn§onm mﬂmwm :

Quntion 8
concerns tho status of complox ordors ,
- rapoﬁ-i tbant

Question 9 '
- concerns tho status of mum-mm orders
rnwm prmﬂt

Question 10

concerns the status of ;oint qummy discounts in the wehuiﬂ; dopnrtmt
response: not known

Question 11

concerns your ;udgomont concomln. the posdbmty of thg My nurqolion of tho
purchasing department
response: possible

Question 12
concerns the percentage of non-family items of the purm Wmt
response: 30 .

Question 13
concerns your judgement concerning the si;niﬂcmeo of joint ordering constraints of the
purchasing department )
response: significant
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Question 14
concerns the number of the items of the purchsiu dopvtmnt
response: botw 8001 end 10000 . . L

Question 15 o
concerns the number of the families of the purdm!n( dopwtmnt
rnpom: between 101 and 250

Question 16

concerns your dosin to the family nurouﬂon of tho wrdudn. Wt
responss: not-dulrod

Question 17
concetns the status of storage comtnints
responss: sbsent

Question 18
___concerns the stltqs of financial constraints
" redponee: @

Question 19
concerns the status of vendor contracts in the purchdn d-pnrtmnt

responsy:. sbsent i P

Question 20
concerns the status of vendor supply-limits in the purehuln. dlpartmont
response: present :

Question 21
concerns the status of seesonal-inventories in the purchsiu dspartmt
rasponse: present B T

Question 22
concerns your judgement eoncornln( the importm of ontomd conetraints of the
purchasing department. — , .
response: important

Question 23

concerns the percentage of wu.my-pjw itams of the. prn[ dnpartmont
. response: 65

Question 24 | '
concerns your judgement concerning the possibility of the product curqaﬂon of. the
purchasing department
responss: possible

Question 25
concerns the number of the product types of the purdndu dopomnnt
responss: between 21 and 50

Question 26
concerns the status of a aggregate purchasing plan




164

response: absent

Question 27 ‘
concerns the length of the horizon of the aurnm purchasing phﬂ of the purchasing

department
response: betwsen 6 and: 12 months

Question 28
concerns your desire to assume tho length of the horizon of the nurouh purchasing

‘plan of the purchniu depertment
response: desired

Question 29

concerns the time period division of tho aggrogate purchntr‘ plan of the purchasing
department
response: one month

Question 30
concerns your desire to assume the time poﬁdd diviéion of the aggragate purchasing plan

of the purchasing department
response: desired

Question 31 o o
concerns your duirn to tho product aggregation of the purchasing dbp-dmni
response: not-desired

Question 32 ’ 2
concerns the cmuc of Itoms with trends
response: absent’

Question 33
concerns the status of uuoml {tems

response: present

Question 34 o B
concerns the status of domnd records in the purehnin( dopnftmt
response: sbsent

Question 35
concirns the status of long lead time items in‘the purchisking department
response: not known

Question 36
concerns the status of imported items
response: absent

Question 37
concerns tha status of sales records
response: present

Question 38
concerns the status of backorder records

response: present
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‘Question39
concerns the status of orron
response: absent

Question 40
concerns the length of the seles. roeords of tho purm Mm
response: more than 8 years

Question 41 ‘
cancarne the periodicity of the ssies records of tho urchesin
rapom; by-mnm :

Question 42

concerns the item ordering cost of the wchuh! W
response: belwwew two sl B doflers

Question 43
concormthonumborofthﬂtmworduofm rches
response: bohnon 11 and zs

Question 44

concerns the degree of varisbility of tho lnd-lhuof the wmmtmnl
response: fairly varisble

Question 45 -
eonmmmwm the lmﬂmdﬂmﬁm hbhhldﬂms of '
psbsbi udgement concerning w

g department

Question 46 )
concerns th;sporeontqo of items with veriablle lead times ol’ the mthl!‘wf
response:

Quution 47
- ‘concerns the status:of order size lead time m
response: sbsent

Question 48 '
concerns the status of sessonel lud tlmo dopmbpda
respones: abeent = -

Question 49
concerns the status of mdﬂ-vondor itoms

responee:. prosont -

Question 50
concerns the status of lead-time records in thl pu'dm dopoﬂmm SR
responss: present e

Question 51
concerns the purchese cost item of the pwehldr‘ dnpoﬂmmt
response: “betwaen:two and8 doliars



166

Question 52
concerns the statiss of vendor lead time dopondonciu
response: sbsent

Question 53
concerns the statm of vendor price tudooffc
response: sbsent

Question 54

concerns the variable item holding cost of the purchum dopom\ont
response: between 20 and 25 percent

Question 55
' concerns the status of items with non-&nshntm m rdu
response: sbsent

Question 56 ' -
concerne the chtus of ntnmly-oxpomm itome
response: not known

Question 57 v
concerns the stitus of records of nuoml foctm
response: sbsent

Question 58
mm!hwahntymdummmd!hmnhﬂmbnﬂmt
response: more than 5

Quoshon 59
concerns the status of lwtod-uln-um items
responke: present

Quution 60

concerns your judgement concerning the imtm of m—-m Homs d the
purchasing depertment
‘response: impo-tant

Question 61
concerns the limited-sales sesson item ovorm cost of the mw
response: the cost to liguidate and the off-season holding cost

Question 62
concerns the mreonhn of Ilmltod-ubc-unon ihm of the purehniu w
response: 10

Question 63
concerns the status of slow-mown. items

" response: prmnt

Question 64

concerns your judgement concerning the imﬂmd WM of l!n
purchasing department

2 ({
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response: important

Question 65

.concerns the percentage of slow-moving items of MMMW
response: not known

Question 66
concerns the status of items with erratic demand
response: sbsent

Question 67 T
concerns tho status of fuhiombh itoms . '

Question 68
concerns the statue of promoted items
‘response: _rqot known

Question 69
concerns the status of advertised items
response: not known

Question 70
concerns your judgement concerning the importance of wpport yi pmictbn wu
response: unimportant

Question 71 ' <
" concerns the status of items that experience lm ordon

response: present

" Question 72 o
concerns your judgement concerning the importance of control o? itont thot oxporbnco
large orders of the purchasing dopu'tmont
rospom unimmrtmt

Quostion 73
- concerns the status of emergency lead-times
response: present

Question 74
concerns your judgement concerning tho nppropﬂdm of the safety lead-times of the
purchasing department
response: appropriate

Question 75
concerns the status of emergency lsad-time quantity-restrictions
response: present

Question 76
concerns the status of emergency lead-time price-incresses
response: present

The following is a list of possible summeries of responses to questions.
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Please select one of the following:

1 print a:suvimory of ¢ quisslions
2 print selectea questions
3 return to toplevel

(Enter here): ! .
Hr.smhhdulmhhahnmﬂfwnhy ﬂ'hmdnambdmuhud
mmn.m&mmwm Cio

And Mr. Smth.youlndtopbvol. anonbe%moﬂhm

1 quit
2 continue tho analysis
3 help

4 change srswers

5 summaerize the analysis
(Enter here): 1

Now do you raaliy want to qum
(Plossy:hey:in Yot Wr-ng) y * -

Doyouwhhtocmwhotyoummsohr?
(Plomkoyinmorm):g

T .»w_ﬂ L

ArocordoftNambnwaomd. M' m*m-mumm

printing?
(Plesse key in yes or nok n
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Computer technology has had limited success in -
producing useful business applications. Management systems )
seldom meet users’ requirements, are often inappropriate to
an application, and are frequently abandoned. But why?

Business lacks expertise in the application of

computers. Managers who are expert in solving business (cont'd)
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20. problems find it difficult to specify formal procedures for
the .solution of these problems. It is not surprising that
programmers who work from poorly defined specifications produce
poorly written software. The computer industry has provided only
limited support in business applications. Application: packages
are seldom appropriate to a problem and are often misapplied.
Misapplication is the principle reason for their failure in
practical situations.

Improvements are certainly posbihle. The manager could
be supplied with a system that assists in the design of an
application, This system could help the manager specify his
requirements by providing him with a framework for thinking
about issues relevant to the design of a particular application.
The manager might then be better equipped to select a commercial
package or to guide in the design of his own 1mp1ementatlon.

This thesis describes a prototype version of such a
system. PROCTOR is a program that assists in the design of a
hierarchical planning and control system for a procurement firm,

PROCTOR is implemented as an "unstructured"™ ovrez_ . .-
questionnaire. It guides the user in investigating various
aspects of a problem while giving him complete freedom in
deciding how and when to supply answers to questions. It allows
him to change and skip answers whenever he desires. PROCTOR is
implemented in OWL, a system for representing and processing
conceptual knowledge. It uses the OWL data base to represent
procedures for the questionnaire and to store data accumulated
during the interaction. This representation makes possible the
presentation of an English-like problem description, various
evaluations and the reasons for the evaluations.
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