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ABSTRACT
Computer technology has had limited success in producing useful business
applications. Management systems seldom meet usery’ requirements, are often inappropriate
Business lacks expertise in the
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failure in practical situations.

Improvements are certainly possible. The manager could be supphied 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
implementation. :

This thesis describes a prototype version of such a systsm. 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” 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 evakations. ' '

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

L Introduction

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

o Business llcks experthe in the applicauon of cumgum Mamgeu who are
 expert in buslnmproblumﬂnd ttdlmcukmspdfyforml pmadumfotthcsohﬂon or‘
these problems It is not wrprmng that programmers who work from poorly defined
| ’anmspmdmpooﬂywﬂnmnppuazhnm ‘ _

The computer lndustry hu provlded only limued support in business
appliuuom. Appumion plchga shouH theoutiuily pmkh lnmnt dau proemlng
aoftwue. In pnctln. they rqulre mudmbh lmdmuuon to be mpltlble with a firm's
proeeduru. Applhdonwmmumpropuoduammmupmblun These
symms mlor appliauon pukagu from user spocmauom. Unfommau!y ‘outputs from
appuuﬁm customizers stlll require modiflatim to ﬂt the mvtmnmt of a ﬂrm

Appllcmon customizers (und appliauon pnckagu) luve a more nrlous
limltatlon & user is rarely provided with mmthmwnmhgnnmnbmty of a package
for his firm. A company will lnvm considmble um and upcme in “ready to run
sofmre only to dhoovcr that it s lnappuuble to its m } And worse, the unsuitable
| ptcklgeansmmtlmua“mauampmyspmbm .

Improvemu are umlnly poutblc. Tho mnager could bopu!g?ucdwuh




system that assists in the duign of an appliaﬁon Thu system could help the manager

,FZ
g

specify his requlrements by provfalng ﬁlm with a fnmowor'k for thinking about issues

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

3} i

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

..... ! ’?{j;ﬁ i

progumthttguldatheuurhtbeddgnofasymforapmkubrapplnuon The
applluttonlsuwnndwbitphnnmmdmmhymfwapmmtmmdﬂgmd

mmmmwmammmmd&w by'
Hax and Meal <Hax and Meal %>
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PROCTORhMm;mmmmM byl’rof l " c Hax
ad gt wedl kS

This questionmm mved u a wmmary of lmm to be consklered in the design of a

hlenrd:lalphnnlngandmrrol:ymprmm{ Thcqm;im;unmedua
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Mf«mmmmtmmmemdPROCTOR

sre femglEeay ambigsda

| PROCTOR is tmplemumd a3 2 “unstructured® muluple choice quétionmlre. It

ﬁ §u ;x,rs é)’;. } V.,g{ 7
guides the user in lnvetupung a pmblem whuc gmng him oemplue frndom in dedding
B R RE CATY G ”l Wt d ;g» R LA SR

howmdwhenwmpplyanmmqmstbm. PROCTORaMtheuurnochmgeand

TR R bR

sklp answers whemvn he dutm.

" 'We have impleménted PROCTOR in OWL, & symm for repmentlnx and

prooessing conceptual knowledge. d-lawkinson » pkd&ox 33&‘ the owx. daa bue uo'

.

tepment the proadum fw the qduuonnaire and w mre dmacwmuhnd durtng the. ,
interaction. The data base makes pouible the ptudntmon of an Engﬂsh-uke summry of
«\tMprwunm;uMukmmmdmsmmm‘aqumfwthepmbm




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 subsequently used o customize data procsssing; seftware. The most
serious limitation of the Application Custpmizer s that t dows fttle in terms of probles

formulation. <Hax and Martin ”’.Ih‘ Applmmnmmu« unnot evaluate the
applicability of its output for a particular situation. In. using the, Application Customizer,
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 Apghcathn guuom;;qr by ,pgoyid_lqg 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 process: it treats each stocking point as if it were inds

dendent from the rest of

the system.



1.2.2 Requirements for an Improved System

The minimum requirements for an improved sysu!m shodld be cleat. Asysum
that is to provide am Improvement over existing systems' sHouid
identifying his requirements, (%) selectifg components ‘to” et hia requlnmb.m tn (s)

evaluating the suftability of these W‘“ﬁ oo vl il
the system mast take & global view of the firm.

assist the user in (1)

of ali nteractive multiple

PROCTOR ttls to méet thise objictives by meii
ctiice questionnaire. We chole this approach ok several reasofs. ‘Tt has proven successful
in both the Application Customizer mmm isttibution smsnnﬁhtonnd seemed to be
the simplest techneélogy whith' could support ah advance’ ot existing sy:téms A
quuﬁonmirerequlmammmmnnt\putand um&.mﬁiw by manag«mt.
A quuuonnure provides a framework in which " pultbllte fucaté a luer: ft can gulde

thenm-expertlnthcducﬂptlmofhhpmblun
| | We_ have made several improvements in the pmenmbn of the questionnaire. It
is often the case that the user cannot continue in a questionnalré boamche does not know
an answer or because he does not know how to answer & quéstion. Many systemns are unable
to proceed unless an mswumpwmummw;wfmm user to
feave a long involved interaction in order to determine a single piece of information.)
PROCTOR aliows the user to skip a question Whenever he desires. It then tries o
determine the fact by using information that it aiready Kknows or by using adm‘erent
strategy in asking for information. PROCTOR an also procsed to another part 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 ghg ;ﬁb_i,n,ty‘ ';o, shange answers,

whenever the user desires The user may wlsh to ea pmm ,umwer ;he program

s

may have detected the inoomutmq of a response with previoys information;. the. user’s

wwv!_w;f may disagree with information that has supplied. PROGTOR is able to change
answers without havlng to restart the investigation.

S P gT
niE

A deﬂciency with application cummlurs is thdr lrulzmq $9 provide evajuations.
befoutheoomplettonofthcgummnm mmmwmmmm
be completed before any output is Available, PROGTQR un m@ppmhl evaluations
before a session is completed. |

123 Methodology for Research |
1231 A Consahant’s Quetionnare s Proscsl
| PROCTOR i3 based on a questionnaire written b;?mthrnqu@ C. Hax.
Professor Hax has discussed the need for prognmapubhofumﬂng the design of
lo‘l;ticg systems <Hag; T4c>. As an ‘at‘tempt,towg{rggj\qqg, a_‘_g,g,t'qm,v he.wrote in a
questionnaire format his strategy for tackling procursment problems. .
The questionnaire served as a summary of issues that had 1o be considered
When attempting the design of a hierarchical planning sod control system for precurement.
An analysis of the kqukutlojfnmlre lead to a th,eofy of its structure that in wmlnfmtht
implementation of PROCTOR. This will be discussed in a Inter 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 warehouses or the afiocation of capital.” A&hongh 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; funds 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. Thummdnudbmhoﬂtmmd 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 is needed to evaliate intangibles such as organizational issues and financial

considerations related to an overafl decision.




LS Operations Management Issues

ln this sectlon we outune the kmds ef prowmu t!ut PROCTOR‘

e EX “j} %’,.'

f"i‘w e

_ considers We also descrlbe the hicnrchical appmch to phnnlng and oontrol systems

described by Hax and Meal.

181 'l‘lu Proeummnt Problm Outlimd

Procurement refers to the ongoing actmq that nﬂ.ﬂmu have of purchuing

35

materlgls and mpplm from ouulde sources. A mmuhctutlng ﬂm wlll purchau raw
!w‘

materials to supply its production process. For a dhtrlbuwr (ludl ua mpermltkct chnm). '

- procurement dq:mdsontinnqumnmmofthc muwmpam Many ﬂrms
.(retalletaandwholenlm.forexwh)purchmMMwWythedmndsof

L ““k Weo i

their customers.
In this thesis, we consider those flrms whose major acdvky is promrement. ln

this class. we lnclude not only slmple mllm but aho ﬂrms tha have mlmr productlon
~~~~~ B T

activities with mgugible producuon lud times (such as pwngen) md ﬁrms whtch h;vc

diatrlbution activities that can be nsumed to be lmhpuﬂent of thc prowremmt proceu.

&mfuthmmm%mmmmmwhkhw

hopewprovidempport. Faammdmm;ym.mwmmwchutm
S
aoqumuon of plant and qulpment unumd fadmdcucn m imporunt. Produa

K jﬁe,‘,
llneu!ectim myabobeoonudered Fwavcydmmdafmdaysmlusthma
month mua rehwd to the deullod xhaduungof eompmyop«:ﬂom beoome important..

l-'or a medlum horlmn of leu than a month toa yur. we bocome conmned wlth the

fomsting of customer dmnd the phnnlng ot umneury ltnh and the pnrchulng of
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goods. This thesis considers issues of phnnlng and control in the medium time horizon.

- Wlthin tMs time horizon. ‘the flrm s ob joctlve is to provlde good customer
service at minlmal cost wlthout vlohung constmnn that are lmpooed e!ther exnrnally or
internally to the company. Unfortunately, a firm can meet many problems in tryin; to meet
this ob jective.

A company that cannot adequately forecut customer demand will suffer a
deterknt&on of cum miu lnd subuquentha of Iminas. In addition. it will often
aocumuhte excess tnvamory This mmly aggrevuu the situation by wuting valuable spua'
that should be used to hold goods that are currently in deimand.

Afm'mcumwnwwucmummmmmmd

3/@4»;‘;‘ N

an order from a vendor will umlly mﬂer missed cusiomer ovders and st sales. To solve

this problem a compnny will sometimes issue rmny small orders. The result is excuslve
- A flrms procummt problems can nmadma mut from its lmbillty to optuu
wlthin the constnlnts Impoud on it. Vemlm omuonaﬂy st aﬁpp!y limits and sometimes
require constant pmclnmg rates. om:ny. the finance o d.pmmm of the firm can

lmpose a constnlnt by Iimiting funds uvaihble for invutment in invenmy
All tlme problems wamnt the oonﬂdmﬁnn of a phnning and control system

But a flrm need not have promrennnt problem n oonudcr mch 2 system. Indeed a firm

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

ety 3

control syseem a ﬂrm wm be bewer able to predlct cummer demand w take advantage of
dlwounuandeoonunluoftnmpormbnwhenwd«in‘fmvmdon Exmmhumlde

avnllable to ﬂnance other upects of the companys opennom by keeplng inventory




investment at a minimum.

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

' Thmmnvmlmmmwmwdaphmmmdmtrolquor
: thcprocumnntumuon Ompmpoalumformuhuthommlpmblmuaungh
mixed-integer programaing problem (IP) o be solved on 3 rollig horizon basis. <Lasdon
" and Terjung 7> | | | |

Several researchers have discussed the deﬂdmdu of this approach. (Su for

example, <Bitran and Hax 78>) Oiie problem with th& adniled approach is that It fequires
daumhufmuddefwmth«ﬂumm(wmawl
: ov«whdmlng but
usually if becomes computationally impossible to obuin & sohition to the M
ob jection to the détailed sokution 15 that upmuano mbsiis fo b

For several thousands of m m m‘, do m | T

in thesomumpmoeu.
Hax and Meal and others (see <Hax and Meal ’Ib mﬂ,

_ ‘0“ P‘""'%"z

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 influence the soltion at each level of decision

control system. _
ns be made first, and




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

~ In designing  planning and control system, the types of aggregations required,
:mpmmmumdummdwwwmﬁmpmmmm
levels must be selected. | A
For medium range phnning“problenis (a horizon of approximately ’a‘yu'rk). three
levels of aggregation have been identified: | o
Items are ﬁm! pfodum to be delivered to the customers. They represent the

..highest deg the. products handled, by. the firm. Iterns differ

il s fach as color , labels, accessories and size.

- Fandmaregmupsofiwnswhkﬁﬂureammmordeﬂngm Economies
»ofsulemmdepqsublebyjolnﬂy rqhnhwm belongi _}tﬁoﬁtlge‘amef;mny

T,ﬂ:mmoffmﬁlla whose procurement quantities are to be determined
by an aggregate plan {a liear programming ‘af the type level). Families

N Wmawmﬁhvemhmm@mm

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

Opentlom Mmagm Symm <Hix, Gobvin. Bosyj and Victor %5 This system was

designed as a research toof 1o .xpm various mﬁﬁp& for ﬁnking betwden the levels of

and control system. Figure LI givesa eoﬁbepml overview of COMS.

Giinds are forecast both at

the type and the item level. Thé'type level forecait 15 Madé over the planning horizon
(usually a jeas). The systéim aggregates datx to'the tjpe Wvel to Minimite erfors due to the
uncertainty of future reqiiirements it the item leVel. 1t is thus abie té provide a more

realistic forecast over the plarining horizon. ‘The item Jevel 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 AvailabiInventoty) -

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

| Deerenite etfectivedsinands |
for each productiype |-

Aggregate Plan for Typg;
(WMMng Rw e

Family Disaggregation | 1 = ‘Manigemént

| (Family Planning Reports) | | |lnieraction

Item D‘“Eﬁ’."ﬁ?“‘?“,- .

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. mumymumemmmmaml necessary to keep the
probablutyofmckmuadmedhut. nummm deviation of
errors in the forecasts. Ovmﬁock limits are maxhnum inventory levels. They are lmporunt
for items which have periods oﬁn@m smm gpm tries to keep inventory
levels near zero. Themnoutmmuthemmm;ammlmnwtﬂmotdnu
placed. Itdepmdaonfonumddmndundmvmm

The system solves a &mmﬂmmmﬁm as well as type‘
inventories and procurement lead times. mmumm procurmt over the
coming horizon that minimizes costs wluh obg;gg: m mu. Thc most important
cost i3 that for hoding inventsry; The consraies, ase. ussaly.
constraints and wpplhrpunﬁwngmnmmu. thesymumtheﬁmpmodm the

solution to, detes Jgader amonnts in thamm

Type pmcnmnent mounum MW) to families in types.
This is done by means of an ;Igoﬂthm that insures that W demand for families is

RIS - ARV -

satisfied in the next period whibmal me@Wm order) and holdlng

costs are minimlzed

Once family amounts have: begna!b&ud,;ctgxa!,gﬂdc amounts for items in
families are assigned. To reap benefits of joint eeommiu 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 ;falrly general planning and control




system. In certain cases, only some of the components are applicable. The aggregate
planning component may be eliminated when a2 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 severa] problems using the
COMs .sysum; <Hax etal. 76> Itis interesting to note that eomobnlned using this
tppmchanv«ynmthobw«bmndmﬂspmiddbynnnlpfmum lnsomc
cua.COMs hubmabhmprovmafnubbm whlhﬂnun’hufuhd due to

computer storage limitations.

L4 Preview ;
In the next chapter we present a sample session using PROCTOR. Chlpter s
contains a description of the questionnaire. In chapter 4, we develop a model of the

quescionnaire sirateyy. Chapter 5 describes the implementation of thig model.



its solation. Itahpmﬁnwdn@mufaaqmwmthemmgerm;

evaluating t‘ﬁe sultalimty of that’ appmch for his ﬂrm at thu chapm. we descrlbo a

Hon of the sjsbern. "We wili demonstrate pnocrron by |

outlining the experiences of a typical user.

21 Introduction
* Adam Smith umagerofopmuomatKBS‘Poods t.imtted ‘a noted wholesaler

of specu&y producﬁ Kts

activity that requires no lead time and little overhead: it simply involves relabeiling items
for certain shops. KBS Foods handles more than 5000 items. Demand for these items varies
according to the season with peaks at holiday times.
| KBS is currently experiencing problems in lﬁ 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 Mopendngexpenmnnceltenu
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 science techniques. An associaty: has suggested that he use
PROCTOR to help him decide. A o '

2.2 The Session ‘
" In the followlng pages, we present ngmenu d l(f. Suuh umon with
PROCTOR. The complets session appears in Appendix A. .

R S . 'I[.- . ’,_ I ! I' I Ill Bt kit Rt ik

PROCTOR mmw:mmamuwufm _
e number of stems that share ardering casts-qnd, Aese Kams.can by grouped
tnto familtes for purposes of foins: replentsimont. PWQ&*&WWM

external constraints.

And Mr. Smith, we will now attempt ta identify whether. Mmsxml mmlms
among your items that warrant the development of an Pl and, the aggn n
of items and fammaofmmuopnducttypa.boywmdfumhfmm with
reptds to external interactions? , L e

(Pleasé key in yes of no): yes

The pmeme of external constrajots such as.storage Jimitations, financi
constraints, limited. capacity of iridividua!. vmdug bl

under
long time horizon (usually a year). Iems and families af
product L.

purchasing Phn is rﬂilma whinever burchasing dociieas hava to be ¢

thanompurchumhdwmahud.mdm:nmfwmmmm -
fluctuating demand conditions.

PROCTOR uses question I7 through 21 to determine the existence of external constraints tn
KBS Foods. An aggregate planning module ts considered if at loast one constrains. 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 define 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

(Phnexq in w“wm

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

u .»;w: E

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

Notice how PROCTOR makes consistency checks befors accepting an onswer: &t detegts an
inconststency betmeen the number of families 68d.the umber-of progucts. possthle through.

aggregation. Mr. Smith feels that the number of pn)w typas 2 comecs and.doctdes to change

the number of familtes.

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

The number of product types exceeds the number of famidies.

Youmaychmgeoneormott!ufolhwm }
1 "between 51 and 100", thcmpomel:oqtmﬂon%mnhgthcnumbnoftm
product types of the purchasing department ... .
2‘botwmlll.nd&,themmm_ .15 concern
families of the purchasing department e

(Please select one or morck 2

Bl

So far the following will be changed: The response to quuuon s mmng the number of

the families of the purchasing department. B O I R
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:

1 less than i

2 between 11 and 50

3 between 51 and 100
4 between 101 and 250
5 between 251 and 500
6 more than 500

(Enter here): 4

PROCTOR accepts the change. Previous evaluations are-unsffectod. and PROCTQOR proceeds.
to constder.the aggng«m plon tn detall.

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



2¢

Mr. Smith tnterrudts the session to print informatton concerntng qwtmu 15 and 25. (We
omit detatls to save space.) Nottce that changes have been correctly made.

Question 15 EE |
mmenumbudtheftmuadmepumwngdmt
~ response: betweern 01 and 250

Question 25

concerns the number of the product types of the purchasing department
response: betweenslmdloo

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

An extsting aggregate plan can sometimes prmdcuugh m ¢”uprm¢ answers.
(26) Now Mr. Srhith, dd you' carreiitly have an sgregate purchasing plan?
(Please key in yes or na) n T e e

(27) Mr. Smith, unmﬂvememmﬁmappwummrwanww
phn? ‘

Please select one of the followlng:
1 less than 8 months
2 between 6 and 12 months
83 more than 12 months®
4 not known

(Enter here): |

My. Smith dectdes on o Aorizon of 6 months. PROCTOR Imom that o hompn of at least @
year ts required when seasonaltites are present (ses question 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 fhore of the fotlowing.

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

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



'(Plennsebctoneorme):,l_

Please try again... sz
(27)Noerc,Slﬁlttkcmmﬂ"wmﬁfmA' Iopine A
aggregate plan?

Flense sptect ome.of the (ofloeg: .
lless than 6 months
- 2 between 6 dnd 12 months

$ more than 12 months
4 not known

(%)Itummwdowphnntngm:mmnnokmwmthutho
(thkeymiuorno):m o : s

Mr. Smula oannotdmduanc} wopriale Hime periy
month which t5'the most commen agerogets Jenseng
(m)wmume"" b ' you

;mp&.gmmwm
@%%Mw*

R SfER $ N4

T P '\"::','.1»"-:':73"‘ ORISR 3 R

11 calendar week

2 2 calendar weeks

3 8 calendar weeks

4 4 calendar weeks

-5 1 calendar month

6 1 calendar quarter

71 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): 12

(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 tnfeastble stnce the estimated nwuﬁcr of
vartables ¥ecéeds 1900 the aysumed Wantwaim Tor the wiimbir of Sarsebles M in most
commerctal LP code.

A procurement aggregate planning module Is infeasible. The reasons for the decision are
that S
1the average number of the variables of the W pu ch ffjphn of the
purchasing department is more than 1500. BT

2 a procurement aggregate planning module is needed.

The number of variables required for the aggregate plan makes it computationally
mumulmmmmdwmmmmmmwmwmnm
Wﬂnzpmwvw%, Sopaidered.

(SR i Wi foams B T thé prodais level for reporting |
Wouldywukepmdmwmbemddmdfamum? ‘
(Pleuekeytnyaormk'

M. Smith requaests that question 29 be reashed. An mcr tome pomd will docrease the nmbcr
of vartables required for the aggregate plan. (Datails aré omitted ﬁnic space)

Softfﬂ'éfﬂh"fn:‘"ﬂb""m“ “The response ¥ question 29 con
period division of the ag hasing plen Bf ‘the | ‘

.'ﬁ;‘ o

PROCTOR reasks the question.
(29) Wha:mmm«mmmtmmummmvmmmmm?

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 | calendar quarter

7 1 calendar semester

8 5 working days
910 working days

10 20 working days

1l 4-4-5 week division

12 I don't know

(Enter fere): 8



PROCTOR returns to tts constderattons ofm aggregate mcﬂ«mwi* that middle: "
- range forecasting support ts posstils. (It continues forecast L ERPSIgRtions on . Iater part of
the sesston.) Anqpcmmwwmufuﬂcﬂf XTOA &Mxm the type
of model that must be used. e e

A procurement aggregate planning module is feasible. The rcunm for VU
1 the average number of the variables of the sing
purchasing department is not more than 1500.

2theavmgenumb«ofthemnmmndthowpnmhwnzphuuf¢p
purchasing department lsnotmorethan K000.

exmnalmnﬂnu:hwﬂbadm&wdbymdam
modelshouldopmniuholdingmdwmwmm_, '
mmsfor_thededsionmthu :

Product ¢“ngamm is nesded when the qm‘m f‘“‘ s fmﬁlc In cddmm, e mdua
ducun;amn Toufine t: ngumd for allocating Pl e, , :

Awmponemwhandk product aggregation in the purchasing department is
needed. The reason for the decision is that a procuremsnt ggregyis phannigg module is
fnﬂbk.%amlngtbedﬂbdammm dduct Spgregatic
families that share common inventory characeris %
sub ject to external 8 should be agyregate ‘ 3 1 POt
aggregats planning. ‘This is bediuse extérnal const : N ek ST
dmtmapmwphmgMuhkfm&. , modifle for product
disaggregation in the purchasing dep od. . T'his is | : A
producuwuonunnddmdk”i proéuummtw




o8

In another part of the sesston, PROCTOR constders a lead tome dctmnamn module. A
module: wuﬁ%mmmm mWngug;; mg:,%q: ally

(ﬁ)HowmﬂywchwuﬂnnmﬁlkydmrpuMhdumfwmd
yourpurchuediwm?

Pleueaelectoneofﬁmfm

1 very constant

2 reasonably constant
'Sfatﬂymbh ‘
iextrqndymhbh

(Enter here): $

(45) Now are the items that exhibie viriabi load-tmés o igorai nough i reulre cose

(Phuekeyinyuorno):m

(18) Mr. Smms can you give a pefcent estimate of the nimber of your items that are

| (Plauteitnmm,f

Bl

A module for lead time determination is needed. Thc%mmforthedodﬂonistmtyw
decided that the items with variabié ad times of the purchasing degiirtment are e

With lead time dcpmdmcm. lead time farmuu; m L. }m&b. PROCTOR tmnmgwm

dependenctes.
(47) And Mr. Smitch;, does the lead ‘time variabiity depend on the order size?
(Please key in yes or no) n

‘ (48)Doatheludtime '

(49) Do’ you mm nema Mcm& urchased from af diftirant ver

(50) Mr. Smlth do you kcep historical reeord: of lead times?
(Please Key'in’ yes ot no)yes

A forecasting syitem t: ‘posstble since seasomal dependencies extst and stnce léad time records
are avatlable.




- A lead time forecasting module is possible. The reason for the decig} g;gmludnm

dependencies are present. Concerning the details of a component to has '
determination: Ahdmtmm:hwﬁhwrwmwmﬁ
‘malhdumdmmmmforthMmm ,

PROCTOR notes tlmnmwmlummﬂmformlndmmudmmhm:f
long lead time ttems are possthle. (Itdmmu«ltmmmquumumm
unknown when tt tnoesttgated the nocessity of & middle mpfwm sastem.) '

A decision concerning the type of a module for long lead time mmbe

made. TMmmfatmmumuuhmkmnmmmiWMm
present.

FHEREERE R R R F R R R SRR R R R SR SRR R R R bk

PROCTOR has completed the tnittal i mmupm;m gp compon gamng and..
control system. It returns to toplevel and asks for further tstructions: kadﬂd
for correctness; evaluations can be summarized.

My. Smith déctdes that KBS's lnlmdommw&ndmdcmm "
requests that question 44 be changed.

The current question numbmungefmlwnmluemmtlnmmbmmrmpmdlng
to questions whose answers you wish to change. ‘ .
(Please key them in): 44

So far the following will be changed: Themponnhomﬂ
variability of the lead-times of the purchasin g e 4
Do you want to change any more?

(Please key in yes or no): n :

ng the degree of .

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

(44) How wouldyouchmmunvuubnuydywrpwchﬂuhdumfmmuof
your purchased items? - :

ahybal e 9
P select one of the following:

1 very constant
2 reasonably constant




3 falrly variable
4 &xtmmdy vamﬁh '

(Enter Rere): { 1

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

You are at top. hvet Plense swlect one of the following:

1 quit
2 continue the anllym
8 help

(Enter here): ¢

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

(Mhﬁﬁmﬁﬂ"ﬁ o I

So far the following will be changed: The to question 48 concerning sensonal lead
e oD e capense o gopen 46 Conparing smscnal lmd
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 ts tnappropriate stnce there are now no lud time dc'admctn ,
Nopice that PROCTOR wwuts: all yoalunttiils. Somcrintny Lol 1onis Tvisasoony ond m:
alternattve vartable lead ttme support. zmmmmm

unexpectedly uuamochd safety lead ttmes are useful tn providing
outs.

(") Now do your vmwnmummsm
(Please key in yes or no): yes g oy N

~ (74) And Mr. Smith, wmummwngumuqumm nuutyludumo,

can be added to the average lead time to take into acoount B
lead time calculations. Dowaamﬂnudémdaufuyum S YR
(Plasekqinyaorno)m

M)mmmqummymmmm“mhdw
(Plauekeytnyaorno)-yg_

NI
LR LTSRS ST RP S

(76)NowMr.Smith.hthmapﬂaianMﬂnWﬂw
(Please key in yes or no): yes : plesd anler L

PROCTOR has redetermined the details of lead ttme support.
Concerning the details of a component to handle lead mmmmmrmm

should be added to your best current estimate of the procurement lanil: s Wwhian-order
amounts are to be determined. Emergency lead times should be umsed onlpabipn i aie

unexpectedly stocked out. mammmmwm
mpmmtandpndmmmonfuymafh' \ e
appropriate. 1

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

Youareattoplcvel. Pluuuhumofthefm

?~_

1 quit ‘
2 continue the m!ym
Sheip.

4 cbwaw

5 m sht.ndnh

(Enterhuc)ai o _ .

1 ph phnd oo he feonstE SAY BRGY



requests that question 29 be reashed.

The cumm question numbers range from | w?&;M key in: the numbers corresponding
to questions whose answers you wish tochange. =~ ‘ v
(Please key them in) 29 .

So far the following will be changed: The answer to question 29 about the time period
division of the aggragate puschasing pian of the purchasing department.

Do you want to change any more? SO

(Please key in yes or no) n ‘

Doywwuhwdehnmrw
(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 fdbwing: ‘ -

11 calendar week

2 2 calendar weeks

3 3 calendar weeks

4 4 calendar weeks

5 1 calendar month

6 | calendar quarter ,
7 L calendar semester
8.5.warking:days.-
10 20 working days

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

(Enter here). 5

Unfortunately, Mr. Smith forgot why such ¢1; aggregate time period was chosen: an LP was
tnfeastble unless ttme pertods or product types could be aggregated. :

A procurement aggregate planning module is infeasible. This is because the average
number of the variables of the aggregate purchasing plan of the purchasing: department is
more than 1500 and a procurement aggregate planning module is nesded:: 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 number of time pertods, Mr. Smith affocted the evaluatton of the feastbtliry of
Gn aggregais plan ond in turn, the evaluctians for-she middie range forecasting ystem. If an



~ constraints is feasible.

' PROCTOR rmmu to tln tnp.

. smfmaimmofé’tolf

aggregate plan ts tnfeastble, it may be that no middie range fwmm‘ systom is ngumd
PROCTOR, therefors, recom Nles qducmgue[ recqsin ’
the M*ﬂf&ﬁh” 14 plan  Here, & miadls

support ts needed for & fRRE oRLertRy tters

| Concemlngthcdemkofamoduhfa'mudmfﬁﬁﬂﬁtmdm
for product types, non-type families and non-family B ,m _fmh;
exponential smoothing. These forecasts may be 80 hecording to the refative
mnualdmndsofmﬁu&bmndfushwmmhm”“ uponmthi
smoothing with a small alpha. This is becauss » compenent tp handle the forecasts
puﬂbhandamoduhfathfmmdmmhmaudl '
the forecasting of slow-moving items is possible and a compone it ord:

Evaluations of the nacessity of product aggregations ere affacted, Mr. 3 il vg gqg Shat be
does not want aggregation for reporting purpeses. PROCTOR coneludis Jraduct (
£5 unnecessary: why aggregste if an LP ts tnfosstbie? o o

(Sl)ltum«lmuwulmwtumupmﬂnmmmrw PUIPOSSS.
qummpmdwwwbemewmkm? .
(Phsekq!nyuorm)-n e ELEE R Eesaad e vens

A MUh f“ Mw g . ” W’ ik -”: YL Ly Ak n i ptase iattaation
planning’ &d"uk is lnf‘ii%b. R % R I

ST

1 quit

2qonunu¢the amlysh
 Shelp ,

échmge answers o

i1

(Enter hen} B |
PROCTOR assumed o time m rtzon of mare then 12 menths

onths Aopeng that s

The current question numbers range from | to 76. Please key. in the numbers
to questions whose answers you wish to change. A
(Please key them in) 27



So far the following will be changed Tbe answer to question 27 concerning the Jength of
the horizon of thé aggregate pa ing plan’ ofthe purchasing department. ”
Do you want to change any more? '

(Please key in yes or no) n

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

(27) And Mr. Smith, anyougivemadmteofmwumhmm for an
aggregate plan? ; ‘

Please select one of the following:

1 less than 6 months

2 between 6 and 12 months.
Smmtthanﬁmnﬂn
4 not known

(Enter here): 2 o |
The evaluattons Aave not changed. PROCTOR stmply reaffirms tts prevtous evaluattons.

A procurement aggregate plnining module is infeasible. This is becaus
number of the variables of the aggregate purchasing plan of the purd\ulng deputment
more than 1500 and a procurement aggregate planning module is .. The number of .

15

variables required for the aggregate plan makes it computationa knpncﬁal The
possibility of aggregatir )um;modumhepbnnﬁ hori gregst

product types should ' of 2 ‘Tho
forecasting in the purchasing departmem: The demmd for produa 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. This ls becauu a
component to handle the forecasting of seasonal items in the purchasing department is
needed and a module for the forecasting of seasonal items is % and a compone
handle the forecasting of slow-moving items in the purchasing department is negded and a
' componenttohmdbthcfmaungofﬂow—movlngmmﬂnpumsng N
possible and a  procurement _ )
handle joint o iyl

planning module is infeasible.
You ure at top Tevel. Please seect one of the following:

1 quit



2 continue the analysis

3 help

4 change answers

5 summarize the analysis

(Enter here): 4

Mr. Smith remembers that Ae did not specify whether vendor contracts were pnmu He Iaopc:

to remove the tnfeastbtitty evaluatton by completely spectfying the probiem.

So far the fotbwing wﬂthedunged mmnmamm
contracts.

PROCTOR conttnues executton. .

Notice :mmmmmamummawc to the number of
constratnts does ntcﬁntmm MMWM“M nfmﬂcmm
too many oartables.

(19) mmmmmmmmmmdwmmmwwum.mm

~ constant'purchasing mmrr M?

(Pleaye key in- yuorm)ag
You are at top level. Mullctumofﬂnm
1 quit

2 continue the analysis
8 help

4 change answers
5 summarize the analysis
(Enter here): 4

Mr. Smizh ﬂmll) takes the most reasonable course ofw Wuu lmlumm e m«

;mw¢MnmmqmmuW Homrcfm

requests a change to quc:m as.

, Sofarthofdhwingwmhd‘mpd mamumsmmma

tmmwmu«mmm

PROCTOR mun m

(25) And Mr. Smith, how mamy product 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 evaiuations. it doés nat. reviaw theiunttre session. Nottce
tAat the problem ts now feastble but with a different set of condtttons: the number of product.
types Aas decreased and the number of ttme pcrm Aas tncreased. _

A procurement aggregate plarmlng module is feasible. 'nm is because the average number
of the varlables of’ . ' ‘

purchasing depamn«nhmtmonmm lmOandaWMhandhm
forecasting is possible and a procurement aggregate planning module is needed. Ounoemlng
the detdlils of! :module fer alldiiesangs.fereiasting: inthisipusghasiog department: The .
demand for product types, non-type families and non-family-nonsype itera:shonid.be - . -
forecast by exponential smoothing. These forecasts may be d WW»M
relative annual demands of members. Demand for slow movers can be forecast by
exponential smoothing with a smail alphs.-The masens:for thasgesision ave that. - '

lammtmhﬁhm{mmdmlmummamoduhfor

the forecasting of seasonal items i3

2 a component to handie the forecasting of slow-moving M&Muﬂda

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 thata
procurement aggregate planning module is feasible. A component to handle product

disaggregation’ ls nbeded.: This i because'n compensit-tn handie:podud-aggregation is
needed snta procuremsit sggsegate plarning: modmiy i fensible, mmma
a module for product disaggregation: You should use the Kniptack anHaemeal . . .
disaggregation scheme in allocating planned product type procurement amounts to famny
and Noi:Pamily’ it wembers ofpeodpct types. Thei schegmaivask best Sor-situations with -
setup and holding costs such as yours. This ischecatians meininfor 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.anda procuresent .
aggregate planning module is feasible. Concerning the details of a component to handle
product aggregation: Items and famities shat:share: commisn: ivyeniory 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

1 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
exumﬂeonmﬂm:lmldbowu}mdk; P " This
model should optimize holding arid ¢ costs while obey nal constraints. This is
because a procurement W planning module is {easible anc mlmmmum ,

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

1 quit

2 continue the analysis
$ help

4 change answers

51 mrite the analysis

(Enter here):

And the tnteraction continues. . . .




In this chapter, we provide an overview of the strategy of the questionnaire as

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 classification 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 l‘
seif-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
2 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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questionnaire. The quadonmite proceeds by inveag;dnt joint crderlng inmcuom..
famlly a“ngatlom. external munlnu. product Mgy tmu, procnrommt |ud mm

chmMMvmdwmmmmdemmmwmgmm
wmdmdchunmrm

jolnt ordermg inmaims are mu&;md Firse. lg dwmining the exw of
joint ordeﬂng inumuons. quculom ennumln; jnlut of mmmm Of transportatios
‘vundon. quantity dmounu for multtple m ordlnd fm l!!d lhmd orderlp;
.mmoomidond Jdntadahgmpponwlﬂbemsﬂudfuﬂbhgnywhm these

i
SEREEY

lnteractlom exlst and only if items lnvolved in thm inmcdom are important. qunt

QJ«F

ordcrlngmpponhpouibhwhmiumlnvohodhpm

inventory chumm Irems may then be & d into mmp for. purpases of; ,plnt

gt iy bk
L JTRRETES)

l'-'amﬂylggrcgaﬂm hmnsiduedpmwﬂ’fw&unmﬂnpimmm}lg

items that exhlbit Joint ordering interactions. But items muy also be aggregate

reportng purposes. This poibily s invesigund f ot ordering. sapport I
not required. |

for

Exmal oonmtnu m invutlgaud mxt. An galgde pRn B I

ormnofautofeonmm Mge.fklanchl.mlermm mpmcnt,ugd
lfaugniﬂcantnumberoﬂmarenffomdbymmn

LI

estimate of the numbcr of vnmbm and comtnlnu roqnlrcd ln tlu Imoar program

formuhtion(LP) Theuseruukodwpd‘etlnmlqb_ dumltmehorgomwd

/:‘.’-1,5,
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~ period divisions for the LP. (PROCTOR is careful to suggeu a homon of at least a year

‘when msomlmu exitt) An W phn umlly rmim more aggngmon :han famlly
“aggregaﬂ%n an offer ptoduct aggrqauom are Mote cnmidered Product aggregauon
lspouibleonlywhentlmeexhtmoffammamdm-funﬂylmwlth slmihrcom.

"holdmgmlddmmddmndpmerm Tbemukdmmthenumberof

........ 1

product types that result from aggrfgatiom. the number of types enters lnto the

FITRRALICEL L T ke

‘dmmimﬂonofﬂnnumberofnﬂabblnmw
Product aggregations are consld«iﬂ both for the nggregate plan and for

repomngpurpom. Adhummmumhmwmmmmmuudfor |

b &A%

qmnhmammmmu“’”‘“ 'famﬁ‘umm Othetwtn.arouune

Havlﬁg dacided on mrqaﬁom, ‘the next mp Is to examim the lnvcntory
Charactéristics. “l‘hcu “Tead time cﬁahaemuu, vendor chanctemuu and order

‘-_-%,g» .>,.~’~ y

Thcfﬂnwhddmﬂonuvambbhdmmdﬂnkdwdmmwdersm
season and vendors. Special procedures wmbuquindwmtml items with mlabk lead

FHTIEER

times. Whmdwdmmwmmwdsmanmbh.hﬁumﬂoumung is
' ﬂ:etppropﬂmproeadm Poruample.wiﬂnhdmmmm.umybe

mbkmpmmmmbyMw&MImhm Ceminitemsmy

?

ﬁavevaﬂableladtkmwithmoﬁvwmpmdm Thmunbecontrolled by adding a

ufeqluddmmmmdmmumwbynhki&zdv;upofmrgmyhd

Goamdnr ael

times.’ Xltematlvdy. items’ my be classified as class A and be pl;ced undcr strlct
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management control. As part of the lead time investi 2

ns, PROCTOR considers items
on, mlly if they

wlth very long lud timcl. lmpomd items may uqum close su
are hlgh uugc mm or are cxpumm.

| Anuh«mmuonuvndorwu Whmxg
| then select the appropriate vendor. ngtw concerni ”m;mhbmu of records of
vmdorpeﬁmnuuwdlumeummfwvmmmpmdmdmmc
the type of procedures 1o be implemented. If the usr citarip for yendr glation 1s qualiy
nt 2 xmlm Whose selection crltcﬂa is prige.
The system next considers support for the dwermmon of order quantitjes.

3 offor different pricss

for exampk. it may not be reasonable to imply

' dmrmlnc the appllcablluy of the Economic Ordlr

from_the wier, The user ix then lead to

N‘EOQ,WWRMKV
u‘ntupmmnotmamll.iftherehuvcmpmdeofmpmwholdmgmlg

First, the properties of relevant costs are obtaine
lnvesugne thc EOQformuh as it might apply to his situs

Sgadd R

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

L4

' contlnuous eontrol
At tlm polnt. the ovenll fnmewqu of ;he 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:




gystem which i basic to adequate control.

© Firs, questions of seasonailty and trend are examined. If the percentage of
seasonal items is insignificant, limited support may be of féred, or if only one seasonal
pittern exists, a special support system may bé-adéquate. - Exponential smoothing with
sensonat ad jusment requires sensonial indices: the'user is asked questions concerning the
availability of these indices o daf to compute these ndices.” If limited sales season items are
present, it may be advisable to offér support which will prevent overstocking prior to the
shack season. The type ‘of support offersd Is determined By ‘the cost of overage: loss in
utvage.mngemorbudmmmppm mmm-ﬂmt‘m with

trend ad justments. |
Routines are consideted for special items. If fashionable items (high
obsolesence, short ife) re common, the system should handle them. ‘Promotions and
adva‘thmgumlﬂeaﬂnmmyofmfm ffdfmmprdkhbkbrifth«eh
héavy investment in advertising, support pmudmh should be Mponud. Rqraﬂeu will
then be mndnory. and if data nvamblmy is poor a mdeoff between the cost of
lmplemenuuonlndcouduewpoormtml\thanwbcmde. xfpmype life and
death curves exist, support in prodlcung item growth tnd dmy may be poulbh and
desirable, upechlly if items exhibit a short life Spun Sbw movm can be pllud in thc cbss
C ueegory. Iterns with erratic demand will requiu oonﬁnm oonuol. lf unuwally hrge‘
demands occur, these should be fikered out by a special system. T
~ The sirategy is to determine which fmm;wﬁbe desirlble and are possible
in the system. Inevamung thenmdqofamponm,tbuymmudmthe w‘r
pdgmtoftherchuvelmpomnaonhcim R : o
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Data availability is the most important midcmhn in evaluating the posgibility
wmpqt at least three

offoreasﬁngwpponnnaduuucmialtoformsung For

TM‘ T

phnnlng horltons of dttt. regression will not be passible. To hand MW“%W year of

data is nonmlly requimd to determine seasonal indices. A managerjs could be used ..

W ST 2
O SEF PR

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

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

- accuracy of records, the availability of back order records, the length of the history available
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 5o far have been factual and have invoived 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 for‘tho way procedures are to

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 pmum the approach for the
solution of the problem to the user and guides the user in the lnvuuganon 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 description of chapter 3. By introducing A series of
refinements to the description of the previous chag}}qg,&gg derive a model of the

questionnaire that is a basis for the implementation to be discussed in Chaph

3

u hcu Au Dmuu; l’ron Amm

lndevchpmgdnmdelofthommmfmmummvmb
make a distinction between the user's responses to questions and the fpcts 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:oblqn.
The distinction simplifies the representation of the mm It aljows. u; o
organluthequuﬂonminmmdfmmbewadmdno;thgwmuaked to
derive these facts. For example, in determining the existence of common ordering costs in
the firm, we may slmgly ask the user if ;hey exist. ,lfféth,'eﬁ ,mq' annot mpply an answer, we
can a/srl_g_ if _comp!ex orders or multl-ltgm‘qr'ders, exist to pgrl;gggdeduce that there are
common ardering cos. I debng the quesioanais, w os ol meqion ha the Hats
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 mpome toa
question but he cannot directly change the value of a fact. By kqepugg facts separate 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 the firm has items with multiple vendors from the
response that the averugtﬁdmof vmdmaspplykq a0 Ten 13 "between 10 to 20", If the

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

vendor item fact in other situdtions.
By making a distinction betwoen facts snd responses, we-can iimpl‘ifyc the
checking process. Since the user can only change answers, PROCTOR need 6nly check the

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

is s I Ii‘“, Y i Em s mtt "%jr aeli TUom Ao Baod BTiilloRRYRL o

42 Two Categories of Facts
Two categories of facts can be iddnkified In the questionnaire. The first, the

type 1 fat, describes qanli chardcsraicsof the 1 A type ] Fuct il assert that lead

tmes are vartibl of thaf qualindy ks rd B’ o i trom vendors

The decond type of fiict, thé ifpe 2 fact, is mofe’ quantithtive. “hese | facts describe

T

quantitative Information to bé’ tbed in the evakiation of eomponmu for the procurement

 system and in thie determination of other facis. A’ type 2 fact can state tho length of a

BT 3 *’u’

planning horizon, the namber of families possibid by agy

ST ¢ RIS E N B

TRl LIER IN

‘ortﬁepumugeofm

lxhibumg maﬁdu.
" Figiire 41 gives a fist of type xi‘mwbemmm mined when examining  firm.

‘l'he indentations show the rehtion of theu typc 1 ﬁcn to the oveull uructurc of the

questionnaire. Notice that at fact mwauuuvwwchmm erize the firm. Notice also that
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Firm .
Activities of the Firm
Organization of the Firm
Single or Multi-department
Departments
Ovsrall Problem Size .
Existence of Item Interactions
Truck-load Economies
Quantity Discounts
Shared Qrdering Costs -
Existence of External Constraints
Storage constraints
Supply Limits
Contnct Gommitmmts
Seaml Inventories
lnvenmry Characteristics
Lead-time Characteristics
Degree of Variability of Lead-times
Dependence on Season, Order-size and Vendor
Existence of Imported or Leng Lead 'rm lu'm '
Vendor, N L
Existence of Pm Tndcom
Existence of Lead Time Tradeoffs
Order Characteristics
Exuuna of Complex Orders
Exmﬁ Jxtromely Ew.!m
Demand Characteristics
Limited Salu Season Items
Trends
_Erratic Demands
Slow Movers .
" Issues of Promotions and Advutmug
Fashionable Items
Item Life Patterns

A List of Type | Facts to be Determined

Figure 41
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figure 4.1 does not list specific quantities such as the number or perwnt of items that exhibit
these chanctemuu. | o

Figure 4.2 gives examples of groups af'typf't Q%thuthat are‘ used in the
evaluation of components in a procurement system. Type m an be ditermtned more or
less randomly since the absence of a value for a typi! fact ls not n critical for the
successful completion of the session. A fact may bewd! st kun(mc and lncorponmd
into the evaluation of a component.

This categorization of facts into two types s-¥portant for the model of the

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

tfoil and give rules for

deciding when facts are type | or type 2.

43 A Mapping: The Componenﬁ of a Progumf Byotcn and the Strategy for
Investigating the Firm N B

The questionnaire has an uﬁderlm W”ltmctun. Comklcr figure 4.1 which
gavea list of type 1 facts to be determined:during the mmgm “’ngure 41 shows groups
of related type 1 facts that describe different upecuof the firm. rtcu Eqmmng the status
of truck load economies, joint quantity discounts andshaud mlerlngm are all rehted to
the joint ordering interactions of the ﬁrm. Puts conwnlng price tnd hd time tradeoffs
describe the firm’s vendors.

The questlonmire is structured by comblning prooedures for determining these
type 1 facts into tnvesttgate utivmll The investigate: jdm ‘ordering interactions activity has,
for example, procedures to detcrmine the status-of joint economies of transportation, the

status of joint quantity discounts and the existence of common ordering costs. Investigate
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Aggregate Plan
Percentage of Iterns Involved in External Inuucthm

User Judgement of the ] .0f the Items

Estimated Numherof'rypalnvdvdlnthewl’hn

Time Horizon , S g
Periodicity

Evaluauon of the anbﬂuy of a Middle lhngg Forecasti

ing Sysgem.

lﬂddle Range Forecasting System

Periodicity
Percentage of Seuoml Items
Percentage of sgwn Ttems.
Pércentage of Ttems vm\ ‘
Data Availability

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

Groupaonypoi’hcts Neaded for the Evaluagios
of Components of a Procurement Systam .

| Figure 42
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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 acivity is the activity 1o rvestigats the fﬁm‘* |

The hierarchical structure of investigate activities is shown in figure 4. Type |
facts can be determined By each activity 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. o |
ype 2 facts. Consider the

The questionnaire is also structured ardund ty
basic components of a procurement system. Acoordlng 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 purchasing department
Investigate the item constraints

Investigate the inventory characterisiics
Investigate the lead time chacactaristics

Investigate the vendar charactaciatics.
Investigate the demand characuristics. . .

The Structure of Investigate Activites . - .
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 reslly constdering the dggregate 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

investigate aéuvity. mm condider- activities can be’ inidited.- Th investigating uufml

The underlying itacture of the questionidive shotild now be clear. Figure 43 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 procuremert lyuem We use the trﬁe qf investigate
 activities as the plan for the investigation of the firm. Investigate activities can initiate
other investigates as well as considerations into components for the procurement system.

It may seem at this point that the qummre is completely hierarchical: that
individual investigations may be done independent of other investigations. Upf&mnately.

non-linearities do exist.
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Firm system
Department system
Phnntng module o

Family-item aggregation-diss
Family tmmon method
Family-item disaggregation method

Aggregate planning routine

Produet-famﬁy disaggregation mﬂm‘ ,

Product aggregation method

Scheduling routine

Vendor selection routine |

Order quantity cakulation routine
Forecasting system

lMedmm range forecasting system

- Short range fuoﬁaqu system

The Structure of Components of aPronmmuu System

Figure 4.4




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
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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 sttatégy 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
~ @ 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 value. |
Other type 2 facts are similar. The number of farilies resulting from family
determine thie procedure for making this feasibifity decision. The ‘type I fact conicerning the
possibility of aggregating items into families determines the procedure used. If fn"niily )
aggregation Is impotsible; the protedure is to simply aisert that joint ordering support i

We now see how this description 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
genm!tuuom when deciding on a procedure for ah activity. In sélecting a procedure,
knowing we'Hve many or few ttems is Just a5 useful as kindwing Wwe have 4 or 487 items.
Type 2 facts enter directly into evaluations and ate by thelr riature quantitative. To evaluate
the feasibility of a component to handle joint ordering interactions, we need at leut an
estimate of the percentage of items Invoived in these interactions. = | |

Type 2 facts never thfluence strategy. Type 1 facts, however, may both influence
strategy and enter into the evatuation of components for a procurement system. Consider
again the evaluations for the aggregate plan. A procedare for determiining thé details of the
aggregate plan deépends on whiethier external constraints even exist (a typé 1 fact). In
determining the details of the plan, we néed both type 2 facts such’ as the number of itéms
invoived in mnmmm type 1 fucts describing thie actuat constfaints. The tateer
fact determines the kinds of constraints to be Ifcludad in the LP forimufation. |

The rule for classifying a fact as 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 type 2 since they. cannos 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 constrants gxist. Type,2 fac deteming i ap,

» plan 1s actually

HPRY T

required. The status of external constraints infiuences the wibsequent sTategy and Jaunches

The pategorizaion of 7pe | and type 2 hasimpliations 9 changing answers. A
change in a response can affact the value of a typs.L 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 aggregats plan become invalid if congirajnts do not exist Vendor
tradeoffs ace jmpossible if myltiple vendars do not exist. A typs | fact may affect a type 2
tion of & type 2 fact.(as is the case
with the evaluation of the.deils of an aggragate plagaing medule). than 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



" As an example, conisider the fhvestigate loud times activity. “The procedures to
be used in the investigation depend on the degrée of “variabiifty of lead times and on the

status of lead time dependencies. If lead tirfies are ‘codistarit, We Gin simply deduce that a

component to project fead times wift not be reqiired. Suppose, however, that there are

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

dependencies can exist sinly when Iudtim&tre‘ Varisble. ‘I additih vehdor dependencies
can exist onfy when the firm has miki-vendor items. N
There are various approaches to selectinig a: cunpolmt t6 handle vartable lead

times. A forecasting module is possible if fead time dependencies ‘exist. For variable lead

times with no dependencies, a possible solution Is to'slid 4 saféy lead tifiie to the best ciirrent
estimate of the item load time. Thé procedures for determintng the possibility, neceisity and
type of a component for forecasting lend times are deeiithed by the lead time dependencies.
When dependences are absent, the' procedure is to ‘simply assért that forechsting is

impossible. When the status ‘of dependenicies

We simply assert that evaluations' cantiot be mede. More complica

when dependencies do exiit.
~ In evaluating the necessity of ‘a forecasting cofpotient, we Use facts like the
percentage of items that exhibit these dependencies and their relative dollar vatue (either

on of ‘the Pksibitfty ‘of 2 componient 13
determined by the avaitabilicy of lead time records and the evilluation bf' the necessity of the

actual or based on user judgement). The svalu

component. ‘The type of a forecasfing ‘procedure is determinved by ‘the detiils of tead 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
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concerning the percmtqeofhdtimedependmm Facts are not juuinvalidated- new
facts become poasible A new fact might be determined bya newly selected procedure. In
contnst.whenwccbngethetype?fmmnlugmemedhdmdepmdmt
imm,wedonotqo@tontheex“cedflmﬂmdmdlmlyonthhtypc?fact. The
facts are simply ‘h%ﬂd&&d smm inputs have W To recover, we need only

recompute the fmﬁudm‘mhcmgdqwzm
Nwmuuunmﬁa&vmwunundmmtbnd the
percqmge of lead Ehm dcpondiht m: The prquduu for investigating lead times
dws on the actlvmwof the firmi' For a pmm mm.»m need hlly investigate
procuremcm lead times. x mnu&cmnng ntmm; oxist, we mlm lmﬂpu both
procurmtandprodm h@m T)\tproatunfwhkunghdumum:
procarement situation is to umpémudcr a laad mﬁc dumninam component The
procodurc for this activity depanas on the varlth;mg -of Im}ftums. I ¢Iud times are

consmnt the procedure is mml: ?nr variable kgy ﬂlpci. we detemlnﬁ the necessity,

poummymdtypcdfmmpmfwﬁum Thopnaﬂumforthuc
mvnbdwdmhdmm mmmm«mm
md«:emﬁnethepumugoofmmatmhdmw
Figun(ﬁshowsthenqumoflcuvmmubdbﬂnmmnanmofmc
percentage of lead time dependent items. lt:hmahohwfmmmmmw
procedures for these activities. (These are illustrated by the double arrows.) Weuctlm 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 ali facts that enter into the selection

of procedures of activities that lead to the determination of that fact. The environment for
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firm, thevambmtyofhdmnuandthemwsotlndmw“
Atypolfmannppnrlnﬂnmvlmnmqmofhuhtzpelmdt”czfm
These facncanbeinvnudated bychmglngthetygglfm Bl invaﬂdtdngatypelhct,m
can simllarly invalidate other type | 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 a review. of the
session. In reviewing me‘m we redetermine the values otun'fm whose environments
havcchanged (‘l’hkdounotunplythatweruakluws!) Weahgdminem
factsthatappurinproadumthatmnownm

Ithumllyunmqwmmmmmmwawzfm

£y

In determining the effect of a change uo L type 2 fut. we tna btck throu;h direct

dependmdunofmdallfm:hedepmdmdtrwywhdmcﬂ]mthlstype2fact.
Tlmeracnunthm kmmwwmwmmmpuud
lnmmlwzfmnmywwmmdlqpﬂfm.
For example, many type | facts depend directly on' responses which are type 2 facts. We
revemothotypolcbuugcpmadunwhcnachummuypthmmuhm;ﬂoa
We menioned preiouly ht -t s n o quponcars. Supgese
that while investigating e Iud time vendor dependencia
~ vendor items. Themvummfmﬂ\cmmdmldﬁwm will then include the
fact concening the variabilty of lead times. Clearly rouki-vendor kams.can exist regardiess

the status of multi-

- hdh ot
e RV UULIE

Of the degree of vaciabilty of ead times. The problem ariss bechuse the.
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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 n be determined out of context.
Thevalueofsuchafmhmnndhodepmdohoniyﬂnupﬂmvmnmmdnoton
the oompuud environment. | |

46 And Other Things
451 The Basic Activities
" In the above the discussion, I have made Mm to activities that lppar in
" 'The basic activities in the questionnaire are: "mvddgm,f amim, ask, consider,
check, and upmn " Notice that we have no udvlty for cvahmlons. 1 havc chucn to uu
determine for this purpose: to evaluate a compmutt. we mlly dcurmtne thc evalumon of
that component Each actlvlty depends on zero of more type l facts that determlne the
.proeedure to be used for its exacutlon | S v
" The procedure for ask is trivial. Ask merely pmentstquuﬂon to the uur.
checks the answer for syntactic correctness and mnsmmy and asserts it into the data base
with the correct environment. Ask will not reask a quation if it knows an answer and the
answer is still valid, ie. its environment is stll vatid. L
| The procsdure for a determine consists of a set of methods for determining the
value of 4 typé 1 of a type 2 fact Like ask, determine will first access the data base to see if
the fact has a valid value. Determine simply exits if a vaitd value exists. ’Oliiicf\}viie.‘

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

© 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
recovery for an.inconsistency s 1o, eier peask the questien o to.allow, the user to change &

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 discussed 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 departr

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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fead times over all depirtients. ‘We would: like to-lovk- &t s aggregution of characteristics
over members of & st In our case, the'set 1s the-vet:of paréhasing: departments of the firm.
The aggregation may be defined as a' conjunction of ‘&l Patts ‘cehcersiing e vasinblility of
ftem lead" timés. Altermatively, determine activities may: bie provided for perfarming more
specialized ‘aggregations. For exsmple, a fact coricerning -the variability 'of Tead times of a
department may be incluted only #f the departmant controls more-thian 10 percent of all items
of the firm. |

We can implement these ideas by recogriizing thit ‘thete are two busic types of
investigate activities iff the questionniaire. We can investigate an- entiry or a set of entities
 dégartment 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.



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.

5.1 Overview of The Implementation
Conceptually, PROCTOR investigates a firm by making a top-down hft-rlght -
traversal of a tree such as that in figure 5la. IHlustrated is thé tree for determining the
mmsofemgenqhdnmimtrlctbns. This tree is not prestored explicitly in the OWL
data base: th; tree varies dynamk:ally 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 aétlvtty. 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.
 Assert the response to asking thé status of emergency lead times.
“Assert the response to' aiking 'the statiis of ‘smergency lead time quantity
Assert the response to asking the status of emergency. lend time peice increnses.

A Portion of the Execution Tree
Figure la

Dwmlnethcmmgofmmqlud,dnnm o
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 Differsnt Situation
Figure 51b



511 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.

51.2 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 figuré 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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KDETERMINE (STATUS (RESTRICTIONS (LEAD-TIMES EMERGENCY))
PREREQUISITE:
(HAVE-DETERMINED (srAws (Lnn-rmss mnowcv)»

Ii: (WHEN (STATUS (LEAD-TIMES: zunw» BSENT)
[METHOD: (ASSERT 'ABSENTAD *

[: (WHEN (STATUS (LEAD-TIMES im:ncmcv) PRESENT)))
: ms:mom mm) .
o TR ORs -
: (snrus (Qumrrrv-nnsrmcnon
JES.- EMERGENCY)) PRESENT)
(STATUS (PRICE-INEREASE
(LMB-WWWCY» PRESENT))]
[(METHOD:2 (ASSERT mm AN
(IF (AND:: ;
(STATUS (Qumﬂrm !S‘PMGTION
(LEAD-TIMES EEMERGENCY)) ABSENT)
(STATUS (mcz-mcnmsz
' a.smmwﬁummmm ABSENT)))

mmlow wsu‘r UNKNQWND..
i (WHEN (STATUS (Lzmu%mm\*) UNKNOWN)))
(METHOD: (ASSERT 'UNKNOWNJI
Activity and Procedures for Determining the Status of
Figure 53
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Determine the status of emergency lead time restrictio
mpmqumuuﬂmmm:ﬁwqmd«ﬁubedmmined

Dmmethem:ofmrgmqludummm%enmrgmqkd

umumgbmc _

M:mmmm
Dwmwetmnmsdummqmmmmwhmmrpnqlad,_
times are present: ’ ' ‘

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

" Muthod 2: Assert that thiy are abint if smergency 14ad time quantity’
mmmmmummmmmmpg

qgerys

of_zcgn wﬂ"ﬁ‘ lead time quantity

Method $: Assert that the Aatus
pﬂeé increases is

restrictions ahid thé status of ¢
unknown.

SRR Y

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

English Version of the Activity for Detérmining the Stetis
of Emergency Lead time Restrictions

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 condttton, a predicate concerning the type lfact.nhat are in
the prerequisite. PROCTOR selects

CY))))
?)))1

[((DETERMINE (STATUS (RESTR!I:T[QNS AEA
(MWHEN (STATUS (LEAD-TINES

as the procedure for determining the status of emergency lead time mmcnons. |
" PROCTOR i now ready to execute. It updates the event tree to show that a
prﬁgedure has been selected and that execution has started, and passes the procedure to an
interpreter for determine activities. o
N The deﬁm'ﬂmtnterpnm executam!tbm of the promdure until one succeeds |
in asserting a value. Notice that a method may have an optional condition: a method is
tried only if s associated coridition i true. Nodice also that it is possible that a fact in a
condition might be undetermined. The determine lmrpreter an suspendthe execution of
an activity to request that PROCTQR determine. mmdemmmcd fact. (The event tree
proves useful for saving the state of execution of the suspcndcd 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 (OR:::
(STATUS (QUANTITY-RESTRICTION (LEAD-TIMES EHERGENCYH 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 reflect the completion of the execution of the
determine status of emergency lead time restrictions activity and the cycle. repeats.

5.2 The Basic Representation for Activities.and Procedures . ..
PROCTOR's activities have the same basic representation. T

the example of figure 53 and the fallowing examples:

[(INVESTIGATE (CONSTRAINTS (DEPARTHENT PUBCHA
(METHOD: ‘

~__(EXPLAIN (CAW{ES AGGREGATION) ) o
" (EXPLAIN NTS JOINT-ORDERING))

[(DETERMINE (STATUS (RECCHDS SALES)))
DEPENDENCIES: NONE
METHOD: (ASSERT (RESPONSE (ASK. QSIM’US i

An activity may have osmml pmmm and_dependency, attributes. The
prerequisite i3 a con junction of assertions that must be true hefore PROCTOR, can select a

08 SALEB) )DL

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

[(HAVE-DETERMINED (STATUS (LEAD-TIMES mvnu . |
for example, states that the status of emergency ludtunu must have l legal value or be
e-ecause & procedure pxists to
explicitly handle the case when the status of emergency lngd simes. is unkpown. An.assertion

unknown. We use HAVE-DETERNINED. for this, exa

can alio specify that a fact must be known. In this case, the fact must have a. lagal value




"

~ before a procedure is selected. PROCTOR tries to satisfy the pfefeﬁumw predicate by
determininig the values of uidetermined facts before seletting a procedure.

The dependency attribute specifies 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 tetermines the values

of all fucts in thé*éiébudﬁﬂm before it ‘execuiés xn mm:y ‘rii’tﬁ'e above exampk.

explicit environment and does Trot irtherit a genem environment.
A procedure for theamumofmammqnbtmm:aiviq itself or a
vhcn spcctaltutton of the ucnvlty In fhe examiﬂ”e of flgure 83,

[C(DETERMINE (STATYS (RESTRICTI 15" WEAp-TIN
“(UMEN’ ﬁr'r!’@ SREN=T

is a when spectaltzation and ‘

[GMEN (STATUS (LEAD-TINES ENEFGENCY) PRESENTI)]

must betruefbrthuwh!n:pedtﬁmlmmbeakmd
" Fach when speciiization of an activity as ‘well as the activity itself can have a.

method. A when specialization may inherit fhethiods and method details from its parem
activity. Thus, for situations where only 1 or 2 when specializations need special methods we
define these when specializations ind let other caises ‘use the method of the activity. An
activity nieed iot have any whien Spectafizations. “ " “

[CINVESTIGATE (CONSTRAINTS ‘(DEPARTHENT PURCHASING)))1
is both an activity and s procedure Por the activity. Notice'that it is an error if a procedure

with a method cannot be selécted.




5.3 Data Structures Used by PROCTOR

PROCTOR uses several data structures during. mamdou Tm are the
event tree, the entity tres, a set of momnmnt ma;nda wqm Thl event tne
controls the execution cycle of PROCTOR- the enﬂty tree orgmuu facts in the data base
and relates them to thc firm and its purchuin; d.pammm. the qnvmnm tree: md

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

the OWL data base.

53.1 The Event Tree

The event tree controls the execution of PROCTOR Fum 6.& and B5b. show :
a portion of this tree as it might appear dmﬂumd tho lmmﬂgm mlmn&nu
activity. (PROCTOR has just determined the ncuuuy and fenibillty of a complmem te:
handle joint ordering constraints. It is about to,avaluste dmtmd‘ m necessary to
handle these lnmaions.)

Each nodeofthotruconupmdswmwmtofthcmwmwhkhmmm
corresponds to the execution of an activity. Tumkdwb!y W to make pombk
upwards and downward traversal without the use of auxilhry m v

Thereisaconunmtion ammwiﬂnmhﬂ)dtdtheﬂmtm
This attribute ls a LIFO tist of aetlvmu that must be exocuud bcfon the completion of the
~ event. Activities are added to a continuation by PROCTOR 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 correiponds to the activity
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[(event 10)
calling-event%: (event 8)
- callod-eventst: (event H) (event 12) -
activity%: (investigate (constraints (dcpartment purchulng)))
- continuationt: (eplain {Eonstrainés extermal)) o
(inmugm ((mm uwnﬂ)(dwmc purchulng)))]

{event 11)
calling-event®: (event 10) |
activity&: (explain (constraints joint-ordering))]

[(event 12) ,
calling-event%: (event 10)
called-events%: (event 13)
activityZ: (investigate ((constraints joint-ordering)department purchasing)))
continuation%: (comk!ef (aggregation family))] ‘

[(event 13)
calling-event%: (event 12)
called-events%: (event 14) (event I7) (event 20) (event 2&)
activity®: (consider {constrainty: joint-ordesing} -

((event 11)
calling-event%: (event 13)

acuvm (determise (status (constraints pmm;»)

({event 17)
- calling-event®: (event 13)
activityt (determlne (evaluatlon

necessity (systm-component (hahdle (constraints’ joint-ordering)))))
prooeduret ((dmmme (evaluation (necessity (:ym-enmponm _

(handle{consermints: joint-ordeihgh)) o
(when (status (constraints jom-wdcrlng) pmmt)))
sclectton-vam (status ((somstinints

juint-ordedng):
(((dcputmmt pufchuiug) l)((ﬂrm l)(m n» pment)]

A Snapahtt of the Event Tree
Fleure S50
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[event 20)

calling-event%: (event 13)
activityX: (determine (evaluation

(feastbility (system-component (handle (constraints joint-ordering))))))
procedure®: ((determine (evaluation

(Feasibitity (system-component (hudh (constraints joint-ordering))))))

(when (status (constrainis johmevdering) present)))
selection-valuest: (status ((constraints joint-ordering)
v ((department purduu) DN(firm 1)Xsession 1)) present)]

[event 24)
aalling-event®: (event I8)
activity®: (determine (evaluation .
(type (system-component (handle (constraints pim-ordm))»))
 procedure%: ((determine (evaluation
(type (system-component (handle (sonstraints joint-ordering)))))
(when (status (constraints joint-ordering) pmuu))) :

selection-vatues: (status ((comgtraints joint-ordering)
(fdapartment purchasing) WMWI»» present)
continuation: (method (determhine (svaluation (type (system-component
(handle (constraints mm)))]

Continuation of Figure 5.5a
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[(event 8)]

[(9/ent 10))

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

The Relationship Between Events in the Snapshot

Flgure 55b



[CINVESTIGATE (SESSION A))). The seoqnd' ,gg)mg_;&Ql{&l&gﬂﬁﬁv,mtﬁhkh
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 comlnuﬂon of

CURRENT-EVENT. Otherwise, if this continuation is empty i: u & ,‘fﬁm acﬂyiq on the

continuation of the cailing event. The mk is 'W : .

TOP-EVENT. PROCTOR simply réturrs to the tog ievel 1oop when theré i
activity. o IR

" The event tree is pruned whenever the ekecutioh of ai evefit is complete. Thus,

the events linkéd by dotted lines in figure 536 do 'nét exist*when we execute

[(EVENT 24)). A saved event tree may have been useful, especially in the generation of

tree. This deficiency ckn be overcome: ‘the treé is u‘my ‘recreated by recomputlng*

appropriate parts of the seimoh. 00 - o e
o of th e ey b o) s s

an “instantiated” assertion concerning the value ot‘ tgpp 1 Iﬂ{ muad Iu thl ubcthn
of a procedure for the activity. , (See section 53.2.1 far a d&‘“ﬂmﬂf instantiation.)
Selection-values are used. n the deterripgtion. of. environments. An.ey

Rk 4

dependency attribute that apecifies the axplicit environment for W‘q

53.2 The Entity Tree

mtltks

and sets of entities can include sessions, a particular session, the. firms-of a session; &

may Abe have a.
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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 re tod in OWL as |

[SESSION)
[(SESSION 1))
((FIRM (SESSION 1))1
CC(FIRM 1) (SESSION 1))]
[(DEPARTMENT. ((FIRM 1) (SESSION 1))))
CC(DEPARTMENT 'PURCHASTNGT ( (FIRR 1) (SESSION 1))))
[(((MEPARTHENY PURCHASING) 1) ({FIRN 1) (SESSION 1)11)
Figure 5.6 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 gr‘sgt of eptities that is currently under
lnvutt‘itlg_n.

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 another eﬁmy or to invudgim a set of entities. Some examples are:

((INVESTIGATE (FIRM A))) .
 [UINVESTYGATE “FTRN THE) )]
- [(INVESTIGATE (FIRM ANOTHER))]
TTINVESTICATE TDEPARTHENT 1AM )],

The new 'enuty“dipd:diéri‘both the CURRENT-ENTITY and the investigate
activity. Consider figure 58, For a cmmx-:ur-mﬁ'rv of TUGFIRM 1) (SESSION 1)1
and an investigate actmtyul‘ . o

[CINVESTIGATE ((DEPARTMENT PURCHASING) ANOTHER))1,
the new current entity will be

[{ ((DEPARTMENT PURCHASING) 3) ((FIRM 1) (BESSTON'1)))7.
CURRENT-ENTITY isset to
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[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 ((DEPARTHMENT 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 invu,ﬁfﬂp sets or
that iterate through membm of a set. |

The CURRENT-ENTITY must be reset when an tnvestigate entity activity
completes execution. When PROQTOR creates a new cmlty. it phces attributes called
previous-entity and m-enuty on. the event mfupondlng zn»%he exeewon of thg investigate
entity activity. PROCTOR simply sets CQRREN'&ENTITY to the value of the
previous-entity uttﬂbqﬁg once exed;uon of thé‘Jnvuwk‘mmy‘ncuvlty is complete. The
new-entity attribute is useful ‘for resetting entities when PROCTOR travels down the event

tree.

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

when CURRENT-ENTITY is [(((FIRM 1) (SESSION 1))1. The instantiation of
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[(STATUS (C(HSTRAINTS ..D!NT-MRJWH] s

Tt WY

[(STATUS ((CONSTRAINTS JOINT-ORDERING)
“CCDEPARTMENT PURCHASING) ‘£) (PN 37 (SESSION 17))1))

 when CURRENT-ENTITY 1 R e
[((fDEPARTHENT PURCHASING) 1) (IFINY 1) (GESSION 1)))1.
Wmdifw:munmy

* Thie rules for initanttition &4 Titrly stralgh ,
ofanmutyXumymutymulppuﬂnamu‘XluM%&& Amﬂmﬁu)of

anentltyxism]mﬁqthnappursuamhadxmtlnm]m This implies that
[SESSION] is the superentity of all entities. | S EITERRE

“The ﬂritex ' i PR E IRC e PY vk

, MI
[(Flm SESSIWH ‘ ,‘
[(DEPAR T Flﬂﬂl] L e e mpie
[([EPQRW PURCHASING) 1, ST,

are instantiated (depending on CURRENT-ENTITY) to contain

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

CC(FIRM 1) (SESSION 1)) s
uu—:vmnm C(FIRN 1) (SESSION 1))))

_zumgp ASINGL . (IFLRY. 1) M or

IASING 1) (IR STON 1)))1.

In making explicit instantiations, there are three cases: %’MPWWH !;.m bea

‘subentity of the class of entity that is raquired;. it cun be & pugessntity, of the class of entity

that ls‘fequlréd; or it an be of the correct cllm. In u‘ch ¢, the e
by searching the tree starting af CURRENT-ENTITY. It is an errar Jf an entity of the

correct class cannot be found.



The second instantiation example illustrates dcfcidt nstantiation. A concept
may have a DERIVED-ENTITY descrigtor on its refersnce st {or on the-reference list of a
generalizer). Such a concept is calied a dertved entity. ([YENDORG] and LITENS] are
examples) PROCTOR spesializes a derived entity by GURRENT-ENTITY when there are
no instantiations by either ambmd:yor mmmyxgugmr-wrm Otﬁerwise.
PROCTOR uses the instantiation that aiready exists. .

533 The Environment Tree

The _v,al!:e of a f;;} d\epe,qd_sﬂ on the environment in w!;,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

[(ACTIVITY FIRM)] and
((STATUS (C(NSTRMNTS ..DINT-MI!BUL

that apply to the entities

[C(FIRM 1) (SESSION 1))) and ,
[CC(DEPARTHENT PURCHASING) 1) ((FIRM 1) &3&1@1}))].

and whose values are [PURCHASING] and [PRESENTI. This environment is represeoted by

C(ENVIRONMENT
(AND (ACTIVITY ((FIRM 1)(SESSTON 1)) PURCHASING)
(STATUS _
L C(CONSTHAINTS mm-mum - o '
( { (DEPARTMENT PURCHASING) 1) ((FIRN 1) (SESSION 1))))
"PRESENTI)IT &

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 gkohpl’ng. ln :



o res, et o e T eon e B s A bl Tt L

PROCTOR, we use the concept LCC(AND X) Y) Z)] to represent the grouping
[(AND X Y 2)]. |
‘ With this representation, OWL arranges mvhmmu into a tree. Suppose we
had the environments, | o

[(ENYIRONMENT X)], ,

((ENVIRONMENT (ANO A B))],

[(ENVIRONMENT (AND A C))1,

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

TMOWLMmmmwMV«nthvmuuﬂMwmmauud as
the tree in figure 5.7. We take advanng@d mu ropnuﬁhtﬁn whtn ditcrm‘lmng the
validity of environments in the ohmpmm routine. | |
" 'An environment is easily derived from the event trée: I 1s 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))]
(ENVIRONMENT (AND A B C))] KENVIRONMENT (AND A B D))

A Tree of Environments

Figure 5.7



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

that enter into ifs detérmimation, In the implementatio
glving each fact a value-used-by attribute. The m i & the vah‘ﬁ-uud-by attribute
ofafac:honunmsmtmnm-dmenmormrm o |

J  The value-used-by attribute imposes a partial otdﬂq; on facts in the data base.
FactAmbdonmelnthhordmlfmwﬂfﬂlcvm&fwAhwmthg

determinagion of fact B. In other words, fact B, appenrs o, the refarence st of the
value-used-by attribute of fact A. Notice that dmmmotew:mm is no feedback

in PROCTOR; afmAunnotdepmdonafacthhlchlnmm%#,,}

500 fact A.
The uud-by hmce is easily malammd b1 mung 95‘ ; proudure called
FIND-VALUE. FIND-VALUE places fut A in the valye- -hy;mbuu of fnc; B if the

VTR L
EEEE OB

Vaue of fact B i referenced in the deerminaton of fac A

5.4 Back to Basics
5.4. Values

Vl‘n pmlggs sections, we dmlbed m y '!W PROC‘I'QR ;,;qunulns values
in the data bue. We wlll | summarize the description in this. section.

PROCTOR maintains a distinction between uhm of facu and values of

rupomawquuuom. The concept for vmathtmdmomusofmmum
~ for the entity [(((DEPARTMENT PURCHASING) 1) ((FIRY. 1) gsggslou 13)) is

revmwﬂbr the concept
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[(VALUE (STATUS (ECW‘IIES-CF-TRANSPNTATIM
« (mPARTI‘ENT FLRCH&SHB) 1).((FIRM 1) (SESSION 1)))].
The concept for “response to the question concerning the status of economies, of
transportation” and for the same entity is represented by

[(RESPONSE (ASK (STATUS (ECONOMIES-OF ~TBANSPORTATION
( ( (DEPARTMENT PURCHASING) 1) ((FIRM 1) (xséiﬁu 1)1,

The firt pasition of the reference list of each of tﬁeie‘mnoepu'conmm_q value
that can be one of UNDETERNINED, UNKNOWN of some legal value. A value of a fact .is_
UNDETERHMINED if there has Been no altempt to determinie its value. 1t is UNKNOWN if the
user specified a mpmnofm of if PROCTOR' cm onlymertavalueor unknown
due to lack of information. o

“Eden fnmntlmd fact/response conccpt has 2 vaiuc—und-by attribute, an
environment attribute and a crnﬂng-tcﬁvity attribute. ‘l'hc vulue-und-by atmbute hu
been explained in section 53.4; the environment ‘attribute contains the environment for the
fact/response; tﬁe creating-activity attribute contains the activity that created the value. The
creating-activity attribute provides quick access to the activity for the detéminatloﬁ or
asking of a fact. . |

The ‘fact/response concept may also have a 'pré‘l?imln_a‘fy-value or
prellmlnary-fespuia attribute. These are unclassified atiributes that areusedby the change
foutirie for temporarily setting the value of a fact/response to undetermined,

5.4.11 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-ruponn atmbube exm. rotum itl valuq if no value exists.‘
return UNDETERMINED; if a value exists but the mvlrﬁlmt has'a vtluo of FALSE or
TO-BE-CHANGED, return UNDETERH!OED' othmta ntm'n atln vﬂnl 'FIND-VALUE:
updates the value-used-by m only: i tﬁe m nht B t lgﬂ ‘non-preliminary
value. o ) o

SET-VALUE takes a concept and a valkie 3 1 gimeits, uuuncum the concept

and correctly set its value. SET-VALUE also umm lny pnﬂmmrrvaluc, updam tho,r

creating-activity tttribute. sets the envlronmmt and removes all rct‘crcnces from the

......

envlronmenuwhenitmavuluefontypelfaathumpubmchm;ed

5.4.2 Evaluating Expressions o | o |

In PROCTOR, expruiimi occur as oondkhm on methods ‘of“ determlne and
check activities, as conditions in prerequisites and-wihidir spuciatizations, 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 exbmum' can evaluate to UNKNOUN 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, BAXIMUM and AVERAGE are both unary and n-ary operators. The
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condition == (IF predicate) | (UNLESS predicate) | OTHERWISE |

predicate = (AND predicate; predicatey . . . predicatey) |
(OR predicate; predicatey . . . predicate,) |
(BE valus) facs) | (hep " axpressiong) |

(NOT predicats) | TRUE | FALSE
- expression z= (bop expression, expression,) | (uop expression) |

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

bop == GUOTIENT |mFFEaence

nop == TIMES | PLUS mxxmn miunun | AVERAGE

uop == HAXIMUM |NINIPU | AVERAGE |MINGS

Value = integer | floating point number | range number | symbol

fact = an instantiated value fact | an instantiated response fact

BNF for Expressions in PROCTOR
_Figure 58
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When x and { represent values of facts or constants,
((AND g&)] ;Yllllll?tﬂ )
X= - ”mﬁ’
] :‘@?ﬁ?" it AL Lo muss
X = ' AY» - v

[UNKNOWN 1f (x = TUNKNOWN] Ay " EaLse) A » [UNDETERMINED)) v
(x » [FALSE] A x'» TUNOETERN ;;aeammul)

[(OR x y)] evaluates to
[TRUE] if x = {TRUE] v y = [TRUE], v -
[FALSE] if x = [FALSE] A y = [FALSE], .
u.‘osmmtm o {TRUEY) v

- (UNDETERMINEDY 1f {x:a
. £ (g e (x- (TRUE] Ay = TERMINED] ), na1)
NONN] A -ﬂ'ﬂﬂw« m v
Xm AK: %lny- nmu

{TIF x)) evaluates to x.
[(HHEN x)] evaluamtox

[(UNLESS x)1 evaluates to [(NDT x)1.
C(NOT x)] evaluates to
{TRUE] if x = [FALSE],
(FALSE] if x =« [TRUE],
[UNKNOWN] if x =
[UNODETERMINED] if x = MTERHIPEDJ

When op = bop | bep | nop,
[(opx y)l is

[UNDETERMINED) if x = MTEM"EDI vy = [UNDETERMINED],
TUNKNOWN] if (x = CUNKNOKN) A kﬂ INED]) v

(x » [UNDETERMINED] Ay = CUNINONN]),
op(x.y) otherwise.

[((BE x) y)]is

TUNDETERMINED) if x = [UNDETERMINED) vy = [UNDETERMINED],
X = y otherwise.

[€uop x)] is
(UNDETERMINED] if x = [UNDETERMINED],
TUNKNOWNN] if x = [UNKNOWN],
uop(x) otherwise.

Rules for Evaluating Expressions in PROCTOR
Figure 3.9




unary version applies only to range quantittes which m values sich as t<1u m-,w and

[>188). These unge qlmﬁmlemwud hyth nmpt&

I(OUANT!W ms-m %«1))1 :

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

[(QUANTITY (GREATER-THAN 188))]
The maximum of [<11] i3 IO,d 24-68) hiﬂm of mm»naoo. PROCTOR assumes
a bound of mmmmm’fa mmhu’m%mmﬂ*fﬁ”l is
101, of [24-58] u21andof <11} uQNmmItqmnuuumnngummvunmm

The av of a is ly the a of the maxmnmandmimmumofthat nnge.
erage range is simply verage




8.5 Executing a Selected Procedure

PROCTOR uses special interpraters to execute progedures for each type of

BAI The Ask Interpreter

The following are examples of ask agtiyities:

[(ASK STATUS)
[RESPONSE
TYPE1: YES-NO
(TRANSLATION:: ABBENT PRESENT!I)

_(TEXT [(ASK (STATUS ECONONIES-OF-TRA
“'une THERE | I

Faonamm

(TEXT [(ASK (MER FAHIL!ES))
(RESPWSE: ‘
TYPE:: SHNGLE-CHOICE ,
(OPTIDNS;: <11 11-58 51-108 191.250 251-588 >508)11 .
* (HOM MANY FANILIES OR GROUPS OF I|TENS ARE THERE?))

Each ask procedure has a respom; ‘attribute 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 depmdmg on the type, a synux
attribute, an options attribute and a transation atribiie, “The text attribte is created by the
TEXT function which converts a list of text into an mmlnpmamuon (See section
8.7.) Syntax, transiation and options are defined as greupings. Synnx is ‘an ordered list of
predicates that are applied to a mpome o insure its synmic owrecmm. 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
replite a transtution dttribute when a transhition fibld if'aient.
We make use of OWL's ability to inherit propertiés when defining ask activities.
[(ASK (STATUS ECONOMIES-OF-TRANSPORTATION))1, for example, will borrow its type
and translation attritrute from [(ASK STATUS)]. In general, misslng attributes cen be
inherited from any generalization of a response. o
The ask interpreter checks the consistency of a syntactically. correct and translated
response by calling the check interpreter. It eventually eaer.ts\the response by using
SET-VALUE which correctly instantiates the fact and updates its’ envtrdnment.
The ask mwpmmﬂs the question nomber ﬂm‘“q{wmd ta a question.
Each imummed mpome concep! hu 'Y quutwn-nmﬁe ;mmu on itg rd‘etence list.

D3
s ¥ N

There s also a LIQUESTION n)) concept which contains the. instantiated response concept
on its reference list. The ask interpreter is intelligpm enough wknm\i that a new question
od to & previously aaked question. 1t will not ask & question If
the previous response to that question is still valid.

number should not be _,

i 0%

5.5.2 'l‘he Investigate Interpreter .

A procedure for an invesigaie activiyIs an ordered lst of desemine, conside,
explain and Investigate activities. (See section 5.2 for an example). The ,lnvzemgate
inserpreter simply pushes the activities of ts method on the continuation of. the current vent

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



553 Tho Consider lnterputu "

A eommr uuv;ty u 2 rutrimd nrlha gf Q“J'k A M!gquocrgg

55.4 The Detmnlne llmrprcur

T“"“W“‘“Wﬁadwmw

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

(ASSERT °PRE

T UF tORy (R

(STEPs12 (Amr "ABBENT) i s
THF(AND OPOMEE" NSk 18TATUS
) AﬂiliT) S

 The proosture for's desrmine-sctvlt S e oA or more metdods. These
ate executed sequentially umts! s fhethod iucositi- i bbertin
LISP COND.) It is an errerif no method uceeedi™

Each method may have one or more steps defined for it. K:’lngle sep ikl
expression:: [{1F condittond?, {(UNLESS csndioon) Y5 TNERINE. " GTHERMISE must

the execution of a-methed: - - ¢ i
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Each step may have an activity and zero or more tlmz conii;dcftons wt’li'vch
contain additiontal activitles to be executed as part of a step. The activities of a determine
re ask, determine, expiuin, sy, comment and astert activites. Say simply 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 dmmlned :

The determine interpreter makes full use of PROCTOR and the event tree

- When it executes a procedure.
| The determine interpreter first checks the current value of the fm to insure that
It is invalid. It immediagely returns to.PROCTOR it;n
determine intetpreter plqm uq; of Lthe mcthm Qf pg determine procedure on. the

nlueath Otherwise, the -

euntinmtion of the event for the detmnlne u:tlm, mdmm;wBROC?GR
PROCTOR recognizes that methods are. son

sh

and calls the continue-determine tnhrprw to complu tbe cuwdon of the deurmim. The

of a dceermine activity

c_ontlnuefc;lgtggmigg}iq;ogggqgg;ﬁp!%gcg‘,ﬁ,g,),lfggcg;@L-Z,Angi&;&hﬂusmmultlon of
CURRENT-EVENT (the event for the sxecation o€ the.

similarily place the condition and activities of a siep.in-the continuation of the ew

execution of that step,

for the (determine actm,q vqgm 3 method for that activity suecesds:in asserting a value.
In evaluating an expression, it is possible that certain fagts will:-be undetermined.

Contlnue-detgrmlm 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 lnmpreﬂﬁg dtt_ermlﬁc activities, the execution of a
determine can be interrupted both to decermine undecermined facty/rasponses and to return
to toplevel mode.

555 The Explain Interpreter .

The explain interpreter is trivially lmpjmmhd in PROK;TOR "The exphin
procedure method contains &' prompter and text mmmu optional; it asks
if the user wishes to see an explanation. Thctoxt attribute contains the ‘twext of the
explanation. _ _ . , oo

Explain concepts are loaded by an cxphnauon finction, The following is a

typial example:
. (EXPLANATION
((EXPLMN (DIFFERENCE (BETWEEN (AND DEMANDS SALES)))))

*(. . . the prompter for the expianation . . .)
' . . the text of the explanation . . .))
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556 The Check Interpreter
The check activity has a representation that is similar to that of a determine
activity. The difference is that a chék(mivlty;jn\iy have nested “&p’ in its method. The

following is an example:

[(CHECK (AND (RESPONSE (ASK (STATUS (ITEMS SEASONAL))))
(RESPONSE (ASK (STATUS SEASONAL-INVENTORIES)))))
{METHOD:
[(STEP::1
(SAY ""SEASONAL INVENTORIES CANNOT BE PRESENT o
IN THE ABSENCE OF SEASONAL ITEMS.")
(IF (AND:3s _(RESPONSE (ASK (STATUS (LTEMS. S
(RESPONSE (ASK (STATUS SEASWAL .INVENTOR
(STEP::2 ,
(SAY "*YOU MUST HAVE SEASONAL INVENTMIES IF YOU HAVE
SEASONAL ITENMS.")
(IF (AND::: (RESPONSE (ASK (STATUS (ITEMS SEASONAL))) PRESENT)
- (RESPONSE (ASK (STATUS WKWENMIESH ARSENT))111)

1ES)) mesenmn

The check interpreter is called by the ask interpreter when the response to a
question must be verified to be consistent andumanmlly cm'ec:. 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 a 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.




There are two methods of recovery fonchockomr ‘l'hecurrmt quution may
simply be msked or the user may requut that one or m of the facu that lppur in the

deﬂnmon of the check be reuked Check remms control ﬁo thc uk mwprem lf the current

*L

mponsehtheonlympmnmbechanpd Oﬂmhe.ummthcmmmingcheck

RN S

' tctivtuesandwmuypmueonmlwthommmm {

5.8 The Change Routine

There are three mpormu to the prooedure for cha ;ng inswers: the user is

ﬂrstukedtospedfy themponmhewuhumchm these

RE S TR S

all facu that are dlrcctly ammd by the chmgn; ) typc 1 or cyge 2 chang

ses mexploded to ﬂnd'

' procedure is

thm execuud

5.8.1 Aeeepting Cluage Reqtmu from thc Uur .

the quction numbm forv,

." '{“u‘

Theunrgpe:ifiuamwersmbe by

? 158 'iiﬁ*\.é"?

theu mponm. PROCTOR convms thm numbm into the ﬁﬂinhnt imtanmted |

¢y Te T Gl

mpome ooncepts. The user can spedfy changu ln lny ordnr he > may interrupt the changeh

I 3 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 lmpaum. ln proemlng 2 changc. |
PROC.TOR slmply m 2 preﬁmlnary rupome to unduumlmd & dou ‘not chmge the

actual value of a mponn. PROCTOR u thus able w unut my chulp upon rquest
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8.8.2 Exploding the Direct nepmdmm

PROCTOR uses a queue to find all fncts that are dlrectly affected by the
requested changes. The requated chmgu are first phced in thu queuc PROCTOR then
prooesses eu:h elementoftlnquweby lnspecungthemxtfactinthequeue,checkingtomr
if it has been processed and if not, by phcing all unproemed facu on the value-used-by
attribute of that fact at the end of the queve. The process eventually tcrmlnates.
" PROCTOR sets the preliminary value of each processed fact to undetermined. |

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

In exploding the chlnga, PROCTOR must determlne it any type I facts have'
been affected by the change. (Type 1and type 2 facts are duunguished by descripcors on
their reference list or on the reference list of one of their gmmuuttom.) PROCTOR wlllv
execute the type 1 change routlne if one or more type | facts havc bun affmd Otherwm |

i g

lt uses the type 2 routine.

563 The 'l'ype 1 Clnnge Proeedure

The type l change procedure is conceptually very slmple The values of all
environments are first recomputed This is easily done by uklng advanttge 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 continuatlon of TOP EVENT to cantain the activity

[(INVESTIGATE (FIRH TlE))l. ,

As PROCTOR recomputes the aaion it recompujes the values of al] facts that

are undetermined In recomputing, It may determtne new facts. SET-VALUE resets

environments L f'ecte and mponaes are redmrmimd. Nm thnt wlth thls scbeme, all fegts

that were invalldend by a clunge tn an envlronmmt cn A b‘ made "“4@‘,{,;!

typelfectumetwitsmgmtvam

MiTheTypezmumer I
Thetype2chengepmduudoesnotfomemmdttnentmw Thl&

ype 2 mumg be rmmm The
‘change proeedure ﬂntdoue mpohgtulmﬁwupwtypo2fm <Knuth 68> (The

routtne nmply alten the event tree %0 that changed

used-byhtﬂcepmtdaﬂumpeﬂmak«h‘formﬂngthuehm)'mm“of the
 facts in the sorted output specifies the order for the redetermination of the changed type 2
The change rautine creates a new ¢vent for each fact that i3 bp, be redetermined
and makes theleeventsthenmofTOP-EVENT It sets the anr

The agtivity ;uﬂbun s

o fact; the selection-ualue
attribute is set to the environment attribute of the fact; the procedure {q‘ the actiyity .is.

obtained by calling the procedure selection routine. (Remember that type | facts have not

that PROCTOR an oorrectlg slnmltte the orw

°"“‘“.°‘" from ‘",‘t"“‘*";‘"!'}? attribute of the inanta

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




108

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 nnd is able to bypm the
procedure selection routine. PROCTOR will "execute” each of the events and hence.
redetermine their values. Notice that all facts are redetermined in thelr original
environment. PROCTOR continues normal execution at the deepestnﬁeofthc event tree
once all changes have been processed. | ‘

We have mentioned that interrupted dete‘rmine'activitli‘ertvpbse a problem. The
change routine erases the events for these activities and resefs the continuations of their
calling events before it processes the changes. These determines are sub'nqucntlj 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 either LISP-TEXT or OWL-TEXT.
The specializer of a LISP-TEXT concept is an index to an uﬁy that contains stored lists of
text. (This array is loaded by the TEXT and EXPLMATIGN ‘functions.) 'l'he specializer
of OWL-TEXT is an OWL symbol (a string) that can be mlly printed at the terminal.

OML-~TEXT appears in say and comment activities




107

5.7.1 Generating English

PROCTOR uses mutunlly mursive ety m qenvert concepts to

text. Eachchssofoonapthu.mmrefmuuormthcufmﬂstnfmgofm
generallzatlom. a ducrlptor that names thc approprmc expert to be used in Engllsh
genmtlon.

PROCTOR hu expem to bwdle

¢¢¢¢¢

tuae PRESENT) .
~STATUS {{CONSTRAINTS EXTERNAL) °
u(nermmr PURCHASING) 1 UFIR, msmx.m mmm

to "There are external constraints in thepurchulngmmt, ltpumthe 0Pt

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

L(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.) j

A concept can have a descriptor of class PRINT-SYMBOL on its reference list.
The specullzer of this 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 evehuuon that it makes.
“The réason for an evaluation is simply the condition of the wepthuwemd the evaluaeieh.
Or, If this condition is absent, it is the selection value for the determine proeedhie.
Eveluatlom 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 evaluatlons A: it traverses the tree ina
brudth-fint manner, PROCTOR lists ail relevant lafm for th emlty encountered
This simple mechanisny gms PROCTOR the &bﬁﬂy ao m nml-orgmued' dumps of
the dat base. .




CHAPTER 6

The growing need for experts in areas such as law, medidmmdmum
has n\o;l\}ated research in expert systems. <Gorry 74>. There are programs that are expert in
that can pre;c:jibe medictm fgg_ various bncterhluyfmmc 14>, and systems that
can automatically génente data proc?ulng soft\n:o <Ruth7§a. Thm programs are
d‘“ﬂ'*‘., a3 tools assat to experts and non-experts in the muond problems for specific
domains. They are meant to supplement expertise rather than to replace it.

‘The success of these systems motivatad us to_tackie & problem in Operations
Management. It was first necessary to select & subdomain of managable size before any

reasonable attempt could be made. The domain of Operations Managemegs, was pruned to

the subdomain of procurement, and this in turn was pmnod to the area of planning and

control systems for procurement. From the variety of possible math
specific approach: the hierarchical approach for plapning-and consrol advacated by Hax

and Meal. Our research lead to the development of PROCTOR, an_expert.in_hierarchical

planning and control systems. PROCTOR does not replace the ayatem analyst or manager;

it assists the analyst by providing him with a formalism fer explosin muauh:mu to.the

design of a hierarchical planning and control system for pros
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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
éctions Shortliffe 74>, and the

."‘E‘; "v:ﬁ!w

 Dighilis Therapy Advisor, s’ pmmm that ‘edn’ cmat ippioptiate doses of digitalis for
reatmént of heart conditions. Stiverman s S '

MYCIN fs rule based. Tt starts with a goal (identify an ‘infection and prescribe a

T

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 structuré is ‘simifar to P‘ROC‘l‘Oﬁ"?but bnzly atthe level of

f mriore dfictired

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

differs in-overall organtzation: ROCTOR follows & ‘plén” whén “ihveitigating 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 setsfied, and in satisfying these
goals, the pragram exhibis its bejavior.. Nodes mmm 2o priorities that
depend on the information knowny,to the program. The.sysem selacts nades according. to
these priocities to determine what & must do next. PROCTOR' activitias are siructured.in
‘ . f:the quent tree are subgoals
that must be executed for PROC'I#OR 10 proceed. In splecting the gmu, Pnocrox uses
the priorities that are implicis mu-ﬁ«mnm nodes.on the mm

 Our work can be reateg.s0 curreat reaafch 0 JONDAGeTER) expart sysiems, The
Automatic Programeming Group. at the. Laboratory for. Computer Scdence. (farmerly, Projact
MAC) at MIT hubun dsvdophgpn Wipmatic programming. tystem called Protosystem
<Ruth 757, From a.high leel spgeification.of requiraeets,for,a dams. grocesing system,
Pmnmtm mmpa!u% rocsing program and. the. JCL: necessary to run that
program on an IBM. machine. %gm requirayan.applioation sxpert. an umrfaa
between the probiem domain wﬂpmm T his aupert could assist 2 yser. in
degermining his requirements and thus In writing specificatiops for. Protosystem.
PROCTOR may be sulted to this.application, It assats

L2 LA T I

a mapner :m’ummmrqur The congi

he yser in.definjag-his
requirements by evakiating mm;« an appliaons sysmm.. PROCTQR's. output

~ could drive a more detailed quudhnmm that resolves issues of imphmentauon and that
determines the user’s reqummcrm in terms of data handling capahility and - rcpon
 generation. . i |

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

language understanding. This reseirch, though nat disectly.selated to PROCTOR, is- very:
important for PROCTOR-like sjttems A deficiency of PROCTOR is 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 1t tEnrict accept questions from the user
and refate its evilaations to the user’s model of the workd, Mathotri fiii ‘done experimental
work in defining un tequirements for an English intérface to'a management expert system.
<Mahotra 5> He Has claisified the kinds of questions’that mamagers sk arid has stated the
requirements for a system to answer these q(i‘e‘:ﬁbﬁs".\‘ Research has also been done in
providing a computer with models for ‘maniagemént probleri sofving. <Krumland 78>
‘ erited in a dislogue
with the manager. The lssues of nprmnufm fot the models and the dialogue are

* Krumiand's system used small generilizable inodels'to s6ivé problems preser

important for providing a managemdnt fystem with an explanation capabitity.

' A preject that is similar i goals but differerit in approach is Mark’s
reormulaton madet o expertse. <Mark 8> Mur¥ progra scepts an Eoghih decipton
of a simple inventory problem and' tries to soive ﬂiﬂpfmby underita ritanding it in terms
PROCTOR handles & much farger problem area bat not &t the same level of undersand ing.
Mark gives his system a deep understandiivg of a smalt well-defined problsm domain: his

of a model based on-a thédry of consiaitirig PROTTOR differs from M

6.2 Further Research -
This thesis has only begun to explore the issues relevant to an implementation
of an expert for & subdomain of Operations Management. PROCTOR ‘tan be extended in

a variety of ‘directions both in the short and the long term’



6.2.1 Short Term Research Areas

 Research must be done in extending PROGTOR's data hase: areas of the data

base are incomplete; many of our evaluations are superficial. (It is encoungln; that

‘ PROCTOR can display acceptable interactions m eyan a partisily complete data base.)
Thedanbucmmuvmmﬁybew “in theudd nolnummmruy with respect to
both methodology and the way experts actually analyze prdiloml.

~ In implementing PROCTOR, we did not make full yse of the OWL, formalism.
In generating English, for example, we did not' make use of current ideas in En;!ﬁ;!)

'repumudon in OWL. Bill Swumnt is mrfently implen

Advhor in the OWL interpreter. <Swartout 78> Ho hogg no provide the Digita _ '

Advisor with good exphnadon capabilmu by taking full advantage of the OWL formalism.
A slmihr project for PROCTOR mlght prove interssting. |

PROCTOR lacks a weil-deveioped notion of time. . ltkmnhot 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
‘ mtlnel. In changing type ! answers, PROCTOR mrmtlyrevms the session from the
beginning to dm what lnfmum needs to be changed. With lmd’ time, it
might not have to review investigations into joint ordering interactions when, for example,

the status of vendor tradeoffs has been changed.

NG the Plgial Thmpy .
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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 fead time forecasting buy me

and how much will it cost”. Research is required in defining methods for making such

analyses.

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 system can hope to provnde exp«t cvalumom.

PROCTOR could eventually be linked t an automatic programming system
like Protosystern. PROCTOR could provide a first cut at a feasibility analysis; cost benefits
experts could evaluate the impact at the Operations Hmag'emmt fevel of selecting different
configurations; automatic programming experts could tackle issies related to data and report
requirements. These experts coukd interact in the design and lmphmentmon of a planning

and control system.

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 appiied o the more general domain of
producttonandinvmwrymmlsmm. Whmm;mmanhlppuedmmher
donnlmuanopmisue. mwhbmqmmmkmmtdmimof
umwchathoumﬂmﬁfmfwchmmmmmtmmdm
notion of direct dependencies certainly merits further exploration. |




BIBLIOGRAPHY

<Anthony 65>
“‘Anthony, R:N., “Planning and Control Systems: A Framework for Analym Harvard

Umverslty. Gndmte Scb?ol of Bum Mmmagpd‘op, Boston, 1985,
<Bitran and Hax 76>

‘Bitrati, G.R."ind A.C. Hak, *On the Design of Hiérarchicil Production Plannlng and
Control Systems®, Technlal Repor; Nm 121. Operati w,ﬂ&,% rch Genter, MJ1T. January
‘m ~~~~~ SRR wI AR BT AR

<Connors 72>
Connors, M.M. et al, "The Distribution Symm Simuhux !m_a_ge_n__nm_gg_q!g, Volume
18, Number 8, April 1972.

<Gorry 74>
Gorry, G.A. "Research on Expert Systems”, MAC Technical Memorandum 56, Pro ject
MAC, M.LT., December 1974.

<Hanssman and Hess 60>
Hanssman, F. and S.W. Hess, "A Linear Approach to Production and Employment

Scheduling”, Management Technology, No. 1, january 1960.

<Hawkinson 5>
Hawkinson, L.H., "Representation of Concepts in OWL", L JCAI 1975.

<Hax 742>

Hax, A.C, "Aggregate Capacity Planning - A Survey”, Technical Paper 027-73, Operations
Research Center, M.IT,, April 1974.

<Hax 74b>

Hax, A.C., "A Comment on the Distribution System Simulator”, Management Science,
Volume 21, Number 2, October 1974.

<Hax 74c>
Hax, AC., "The Design of Large Scale Logistics Systems: A Survey and an Approach”,
Technical Report No. 106, Operations Research Center, M.LT., October 1874.

<Hax et al 1976>
Hax, AC. et al, "COMS: A Hierarchical Production Management System®, forthcoming
Technical Report, Operations Research Center, M.LT., 1976.

<Hax, Golovin, Bosyj and Victor 76>
Hax, A.C, ].J. Golovin, M. Bosyj, and T. Victor, "COMS: A Computer-Based Operations



e}

Management Symm Technical Report No. 125. Openuom Racuch Cemer N.I‘l‘ Mty.
1976. e el v s amnd \

<Hax and Martin 78>
Hax, A.C. and W.A. Martin, "Automatic Generation of Customized, Mode}: Basett

Information. Systems for Opecations: meﬁ!rwmm tl omm
Research Center, M.LT,, September 1973. '

<Hax and Meal 75>
Hax,-AC. and HC. um 'klmcmm Inmm of. Mm Plumlug md
Scheduling®, in-$udjes i oA -

International Businus Mlchims. Appliatim Cumuer Smiu Symmls (M Disk. xnd)
Model 6) Application Descrlptlon GH20-0628-5. ,

Carmackar.78>
armarkar, US.,, "An Apptouh $0 tha Questis : ,;»QM! mxmwm«m
Operations Management System®, Technical Paper M'IS. Operations Research Ccnur.
MIT, September 1978,
Knuth, D.E, The Art of Computer Programming, Vol. i, Fundamental Algorithms,
Adduon-wmey Reading. Mamhumm& ' LT

<'Krumg?qd - O ' e e T T .
Krimiand, R, "Concepts and Structures for a Mmqu-’s Hoddung SYM Dimmtlme
Proposal, Sioan School of Management, M.L.T., October 1978. |

<Lasdon and Terjung-7l>
Lasdon, LS. and R.C. Terjung, "An Efflclcnt Algomhm for Mum-item Schedullng .

Operations Research, Vol. 19, No. *-Julrwm

<Mathotra. 75>
Mathotra, A, "Design Criteria for a Knowkdgo—luod English Language Sysum for
Management: An Experlmenul Analysls MAC TR-HO. Pmﬁu Muc. MIT Februu'y m

<Mark 76> SR e Ea e |
Mark, W.S,, "The Reformulation Model of Expmlu Ph.D. Thesis, Deptrtment of

: EhctrialEnginurlngdeunpuwSc!m M.LT., September 1976,

<Martin 74>
Martin, W.A, "OWL: A System for Building Expert Problem SoMng Systems Involving
Verbal Reasoning™, Notes for Course 6.87, M.LT,, Fall 1974.



<Meldman 78> : '
Meldman, J.A, "A Prelimtmry Study in Compum-Mded Legal Analysis®, MAC TR-157,
Project Mac, M.I.T,, November 1975,

<Niblock 72> - »
Nibloek, N.Sounds Good Radio- Comp:ny (A)' Gué *smdy No 4-!724?4 Htmrd
Business School, mz ‘ o

<Paulker 75>
Paulker, S.G. et al, "Towards the Simulation-of mn Cognition: Taking a Present
Pro uae.xmym

Iliness: by. Computer”, Clinival Dishion Muking

<Pounds 69>
Pounds, WF, "‘I‘hc Pmeeu of Problem Findtng
I, Number 1, 1088.

<Rubin 74> '
Rubin, A.D., "Hypothesis Formation and Evaluation in Medical Diagnosis®, ﬁlectricﬁ
mmmwusmmm ﬁi'!' m,m

<Ruth 75>

Ruth, G., "Status of Protosystem I Bottom Part”, Automatic Prqnmmtng Oroup Internal
Memo 18, Projoct MAC. M.LT jamnry m

<Shortliffe > |

Shortiiffe, EH, "MYCIN: A Rule-Based Oompuw ngnm for Advising Physiciany
Regarding Anummbm Theragy ! u-am SAIL AIM 2, Stanford. Amﬂdﬁ
- e ' it

<Silverman 74>
Silverman, H "A Digmlis Thmpy Advlsor MAC TR-48, Pro ject M)\C. MI ‘l‘ wm

<Smrtout 76> - 4 o
Swartout, W.R., "A Digitalis Therapy Advisor with Exphmdem S.M. Thesis, Departn
ofEbctriulEngmmlgmdcompudemM.LT Sepnmhcms '

<Weich 7>

Wekh, WE, wmw Ohtpw 17, The Dryden Press ln&
on.




rm.pmmmmmaum ﬂn‘* sessions are
~ umﬂuomn[um%{udmn@_% u,@ggl*j, e SRESE

’. lin‘ M i im'la.a:«;«.: PO . al e g gl

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

Wt i yéiir fanm SR A S R
(Please enter your nmfollowodbyantwn) e s
(ntar boreX M, Adam Sl B ISR

(Plesse onhr your name foﬂmdby -Mumi B
(Enhrhtn)‘m SR

pumlu mdcontrolsystmtow‘ cio Wﬂ%“ Mé wrenent. .

Do youmdinformﬂoneonwnimthmaﬂondﬂkw
Plesse follow your answer with s return. :
(Plomhylnmorm):w‘

ot

This is a short note concerning the use of the wm

mmtmmmmmawmmmmwlm In
analysis mode, we investigste your firm. In toplevel mods (which we arg Lcan
request changes to your responses end listings of ueeful infs ton. . (Niring
we will move fmly hohnon topievel mode end anslysis mode. A N e,

When yoy tygo in a response, fougw 1.8 CATTINgA
multiple choice, enter yt “thoices and

If a question requires N
when finished .m

If you are umrtdn sbout a respones, W‘iﬂ ] Y‘"ﬁ ,, :
of your firm, the questionnaire will try to proceed without the m.! vouwm

= g

normnlly got an explanation.

You may interrupt snalysis mode at Wﬂﬁ% ke 8.5 This wil
toplavel. Key in 1? to have the current question f g this '
just key in help es the response to any Mion. T P P

Ok, let’s begin. g
And Mr. Smith, you are st top lavel. Pleass select one of the faliowing;.
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2 start an analysis
3 help

(Enter horo): 2

(1) Mr. Smlth,wwkmhmofywﬂm?(hlumumummd.fdmmmnm
mhncorrlm return (cr).ﬂﬂshhyﬂtﬂmmoxtn(a). 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 s carrisge return (cr). Finish by hitting moxtu(w). ummm.mmwx
280 m‘" 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. YN

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

supptisrs st g i e

rau maintenance
materials tooles supplies parts

_rau nturlql Inv.n’tgru, L
coﬂpemt partu

-fabrlcatod parto o production

 parts uork-in process lnvontoru | (lnxpmlttpnx' -
- upurchased wheswiib!ies R Al
" Etabrichted stbidedibties’ -

cubnnnblu uprk-ln-pmcln
Invdritqru

finished producto

SERIR Iy i

finished product Invcntoru

distribution procass T
~distribution centers = " distribution
=uarehouses

-wholesalers
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~-raetailers

The various elements of the product structure define three major functions:
purchasing, production, and distribution. '

Obviously nat every firm possesses every slement of the general product
structure presented above. Retail or wholesale firms sre engaged in purchaeing 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 characteristics and the. manegerial decisions associated with
these two processes are quite different. the following table provides s gross comparison
between these two types of operations. .

' tupe of process

characteristics intermittent continuous
process configuration job shop assembly line
locus of decision decentral ized centralized
making

equipment flexible spscial ized

| abor high skilled low skilled
schedul ing dispatching permenent design

The following questions classify KBS Foods acoording to its activities, oerell or ganisation
and size. The current version of PROCTOR can enly handle & purs precurement firm with one
department and "many” items. PROCTOR seill lst Mr. Smith proosed enly if KBS satisfies this
lo_ccrfpdon. ‘ »

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

PROCTOR first investigates joint erdering interactions and externel constraints Jor l2ems of
KBS Foods Lid. ' , . : :

PROCTOR offers a “canned"” explanation concerning lssues of eggregation since Mr. Smith
requests it. ' : N ‘

When dealing with purchasing decisions it is sometimes ussful to aggregate
individual items into groups of items for planning purposes. There are three categories of item
aggregation: items, families, and product types.

Do you need information with regard to the definition of these three categories?
(Piease 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 'poclﬁcitg :;nud ?rgductt. itams differ in
terms ot packaging ehoruttiristics, sitl; ‘évior, gione s s e

1 "k‘h

Ay

«i

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

And Mr. Smith, we will now attmuo% her th
purchased items that werrent aggregation of

Do you need information witﬁ m‘ﬁ"ﬂm intetactiont

procedures sre oxtnmdy mple. It is o
item during the procurement sd"

o{cm‘uhuhca‘h

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

(Pluu key in yes or nok: n

ordering co:
ordei’ e

P
m W{%Mwﬁ A ,Q &

(7) Are WM»&»MW%&{.W
becuods ey WAIF shiske’s BomRON ordbring 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 rolucing 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 salary of the personnel assigned to
processing the order from its initial release to its final delivery. The following departments can
be involved in the release of a purchasing order: purchasing, receiving and inspection, storage
and warehousing, freight and traffic, accounts payabls, machine accounting.

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

(8) Do ybu have complex vendor orders containing multiple items where costs per header and
costs per line items have to be identified?
(Please key in yes or nok: 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 least 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 o significant number of items are affected by these
interactions

(12) Do you know approximately, 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 system?
(Please key in yes or no): ¥

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

A decision concerning the necessity of a component to handle joint ordoring constraints could
not be made. The reasons for the decision are that
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'PMR Ma te m S g}.m‘m Mt&& * i;fm - U,

Please select one of the following:

2 between 11 and 100 R DI
3 botmn 101 and 500 HERa ,

swmn'sommxoeoo

Flessthiin 11~ © 7= 00T o e e A
2 between 11 and 50 N
3 between 51 and 100
4 between 101 and
5 bt D1 end e
smumsoo

(Entor horo)- 2

Mm "; — * = e 5 e vy Py . e . -
items of the purchalm mﬁ rﬁm pragrpmic it
moduh for }oint ordndu Mrdm eouu "‘3.«%« ade

PmRM“dM“.‘r'I l m w.’,; W AT
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procedure instend. Mr. Smith decides te intorrupt the investigation.

(16) It is sometimes desireble to sggregate similar itoms into fomillps: merely hrnpodln;
purposes. Mdmlhfmww&ohmmmm?
(Please key in yes or no): |

Younroattqphvgh Muhdomcﬂhom

1 quit
2 eonﬂnuo the nndysh

Achm;o Nange snswers
8 summarize the snalysis

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

1 print a summary of the facts collected
Zpﬂr\nwmmryoﬂbrmmndmomoom ‘
3 print rupomctoquaﬂonl i et S e e

User's name: Wr. Mlm Smm L
The followln; data is about the purchulu dlplﬂmt.

::.ntstnlm in the wcbﬁu%ﬁwwﬂ m odb,,.. s for the declelon &
1 your judgement concerning the timmcmoﬂow m mtmm of th. |
purchesing d artmjbmtbmn. ST
2 the per piage of nbin-fy

Adocisioneoncorrﬂn(ththamhMMMMrMsM

' Amoduhforhm"yaurulﬂonkm Thhhmmdlddodtmtth.
family aggregation of the purchasing department is possible.

Youoroattoployol. Pluuuloctmofthofowm

1 quit
2 continue the analysis
3 help
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4 change answers
(Enter here): 4 ’

TMMM“&M:&MMMM&;M m.smmamm
answor he wants changed by giving PROCTOR o quastion number. xmummuu

The current quutlon numbers range from 1 to 16. Plesss key in the numbon corr
qmtlomwhoumwuyouwkhtochlm o
(Please key them in): 13

So far the following will be changed: Tho response to question 13 sbout your jw
eoncomin;thodgmmofjoh&wmmtfdmuﬂ- rehesing dapertmen
Do you want to change any more? A
(Plesse key in yes or no): n

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

PROCTORcmeyuBu Mr. Smith for Ms now anewer. -~~~
' (la)ur.mmmmmmmmmmwummmmmmm
sre signific mtowrfm upodd mhmf R o v

PRI e

(Plilﬁ ln

.PROCT'ORcmmcM moupududnmunm@f
concerning necessity and [ y are redetermined. Netice that '
Mﬁyo}fmﬂyammhuum}m.mm
Mddchuhudnthmc“nmthm W‘&ll
luunmlom. It still cannet evaluste the fonsibilisy.

"‘(155 %"

A modulowforv jotnt ord; ir )
EERP Y 2 gead m “‘ a il ‘) 2 ‘@ /’.-}, v~ oS e Y WL
docloionlcth;t the sverag numbofofﬂnhmﬂy ubgt%tbq rchesiog deparinm

(16) It is somotimu dnlnbh to agg

pur ' m m i ‘ -t o
(Plom My m yosorno)'! ,

My, 3“%”. ’m "‘;,‘qm o
Family tiowss be roashell.

You are at top level. Pluu uloct one of tho fouowing.
1 quit o
2 continue the analysis
3 help

4 change answers
5 summerize the anelysis

(Enter here): 4
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The current question numbers rengs from 1 to 16. Plesss !g &hzm cpruagondm to
questions whose answers you wish to changs.
(Ploase key them in) 12

So far the mmg wil be ch

Doyouwmqumymd
(Please key in yes or nok.n

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

(12) Do you knaw epproximately, what percentage.of your iteme do not bejopg 1o families. and,
therefore, cmhrmw 8.0 XY e fp ok petons C -
»(Huu lwy in a vnluo)' Q

Imdbythwuwﬁﬁy; oF TeNteriiie (N8 Seninatien comcwrnia
Nuieodnclm m:mfumm.:mmu MM serything olee-
gondrsied. ’

average number of th Taliy o of Wb §
the! mmm«mmm BSHAE oo

la oomponmt to hmdb M (
feasible. R
. 2 joint ordering oomtrdnh are prmnt

(16) Now it is sometimes desirable to aggregate similer items into fasilies roly foF repor
(Plesse koy in yes or nok { e ‘ .

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

1 quit

2 continue the anslysis

3 help

4 change answers

5 summarize the analysis
(Enter here): 3
Now the following is a list of possible summaries.
 Plowss salect ofe or more of the fofiswing;
1 print a summary of the facts eoihctod
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2 print a summary of the recommendations so far .
3-print responest to quastions o

(Enter here): 2

Mr. Swith roquests that PROCTOR prine & 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
The fotiowing deta is sbout the purchasing dcp«tml.
Amduloforjointordoﬂmcmtrdnhhmodod. Tmnbocmoyoudoebd.d

that the joint orderi epr!trm;afm ) mm Am
joint ordering constrginite is fea an

fn

' anﬂ-’wm Mmt .
needed. .
3'the aversge number of the mny ‘Ttome of ih- pmchu!n. dcpant lc morc Mm
Concornlng the details of s modu

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

1 quit

2 continue the anslysis
Shelp ” .

4 change snewers

8 summaerize the snalysis

(Enter herse): 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 o
Mr. Smith lists his responses for questions 12 and 13 to inm
The current question numbers range from 1 to 16. Now the

summaries of responses to questions, ‘

dpoulbh
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- Plosse select one of the following:

1 print a summaery of all quntbm o , e M
2 print selected questions C A

3 return to toplevel
(Enter here): 2 |

You can repest the following optiom se many times s you deeire, .. .. .. . ..

Pissse select one of the fo!bwiu:

SMntﬂ\oumuemnbcudwhr
4 leave the selection loop

My ln "’I quuﬂom you th Hstedr 1219

£ .;‘,é fag TR

Doyouwishtouhctmoro?
(Pieass key in yos or nok n

LX

You can Tepeat the following options as mony limes o8 youdesire,

E SR Sk oe e 8

Plesse uloct one of tho foliowing:

1 select questions in a range

2 sslect individusl questions
amlntﬂmmubchdnfn
Abmﬂnuhcﬂonbep

Question 12 | |
concerns tho percantage of non-family items of the purchesing deg wiment
. .30 i gt

Quutionla

2 . wi X - R i
% »w_,_,' LY g e E % ,,

- “ " N . Gt e o S R
Faimoogt v B R o R LS H A :
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(Enter here): !
Now you are at top level. Please select one of the following:

‘1 quit

2 continue the snalysis

3 help

4 change snswers

S summarize the anslysis

(Enter here): 1

Nr. Smith decides :.mmm-uum.fm. oélfoe henok. .
Mr. Smith, do you really want to quit? e v ten e
(Please key in yes or no): yes 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

2 mtinu‘othoih’dydc’ yale
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 mthmﬂoﬁr&htoaummlmmf arely for roporting - -
purposes. Myouﬂhfm!ymtobomm resson s
(Please key in yes or nok n e e

»PMRMMMMM{ edulgs,
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 beceuse they share common inventory
characteristics should be ordered together to achisve benefits of economies of scele. 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 feasible.

A component to handle family aggregation is nesded. This is because a module for
joint ordering constraints in the purchasing department is feasible. A component to handle
family disaggregation is needed. This is becauss a module for family aggregstion in the
purchasing department is needed and s module for joint ordering constrsints is feasible.
Concerning the details of a module for family disaggregation in the purchasing department:
Procurement amounts that are allocated to familiss shouid be -aliocsted to family members so
that items in families run out simultaneously. The reasons for the decision sre that

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

PROCTOR sterts 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 aggregate plan and the aggregation of items and
families of items into product types. Do you need further information with regards to external
interactions? :

(Please key in yes or no): yes

The presence of external constraints such as storage limitations, financial’
constraints, limited capacity of individual vendors, and need to smooth purchasing orders under
fluctuating requirements may force the development of a purchasing plan during a long time
horizon (usually a year). Items and familiss of items are then sggregated into product types to
facilitate the design and implementation of the plan. An sggregste purchasing plan is required
whenever purchasing decisions have to be made looking more than one purchasing leed 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 conmstraints in
KBS Foods. An aggregate planning module is considered if at least one constraini is present.

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

(18) And Mr. Smith, are there financial constraints that force you to define s fairly constant _
purchasing rate each month?
(Please key in yes or no)k: n

(19) Are there contracts you sign with individual vendors which force you to define a fairly
constant purchasing rate every month? ‘
(Pleass 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

" PROCTOR ovaluates the nesessisy of' s componont from thé  fadcoment ; J

of items and e estimate of the percontage of isems affected By ebes straings. |
(22) Are items invotved irsextarnel inlorection Wﬂwh waoiré lpochl systom?
(thnoltommhhtb.myumiwormmﬁhﬂlm) L
(Pbdn ey irwu w mﬁ m ‘

(23) Do you know mw-p of m nm wtﬂcdud by | these oxtornst interactions?
(Plomlwyhu VM! ; ,

external conetraints wmww mt,

PROCTOR invessigasos produst Eigregation Vifuré suibiasiio

that the

fsems and families mmﬂyh!uﬁwcm.udh]ma&wmmdu
Jormuletion can be Induc.

(28) Can the items (and/or mmu.) dhctod‘by oxtomql Wsﬂﬂm be g
:tymmmmm; nd /N i

(25)Nowhowm’nyproduettymmthuo?
Plesse sslect one of the following:

1 less than 11 ‘
2 bitweon 11 end 20
3 betwews 21 ‘and 50
¢ R Betweenw BY Wm -
: Bmmm

(Entorhorc) 4
mmmmm’ehhhfmm;mm ltlmlcuaudn

inconsistency betwween the mumber of {Qlliﬂu
-:mc&m. M, Sbsk Fooli thak thé p

Mr. Smith, I think 1 have detected an error.
The number of product types exceeds the number of families.
You may change one or more of the following. |
1 "between 51 and 100", the response to question 25 coneomim the number of the
hmmos of th. purchldmdopartmnt _ Lo

(Please select one or more): 2
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(Plesse key in yss or no): n
(18) Now Mr. Smith, how many families (.I'Ollpl of 'm) e " , S
Please select one of the following: L e e

1 less than 11
2 between 11 and 50

.3 bet -3
3 Eetoen. xbi”" go

S between 2
6 more then

(Ent.r here): 4

PROCTOR eccepts the changs. anm"wfm-urmmwww
eo-uupr shpﬁﬂmm plas in dessil,, o '

(26) M. Smith, do you currenty have en sggregete purchusu plln? E
(Please key in yes or no): | Wi

Mr. Smith intorrupts the session to print wmm.muwu.wum
amumunm)mmmmu.m,m

Question 15
concerns the number of the families of the purch.dn. department
response: between 101 and 250

Quuhon 25

cm&mﬁmrofmwm%tymdﬂnwehﬂumt
response: betwesn 81 and 100

PROCTOR continiss the session. It must dstermine uwx
division for the aggregase plan in erder to estimate the _

Ain existin c g8t i} soMmatimes proyips |
(26) Now g% l"!”! Ve NSRRI
(Please key myporm):g,, )

(27) Mr. Smith, can you give an ntlmio of sn appropriate time earjzen for. en.
Pleass select one of the following:

1 less than 6 months

2 between 6 and 12 months

3 more than 12 months

4 not known

(Enter here): |




herizon of at least a your is requived for aggregete plin & )
are invelved and indicstes the erver,

Mr. Su\lth,lthinklhavod‘hdodmofror )

A time horizon of less than 6 months is ineppropriste for a situation with se
inventories. fibsinktsctd

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
yoar and Mr. Smish wifreds. WM T e T

(28) 1t Iscommontodoaurmhplmniuwithlyurhwmbﬂokhmmthﬂm

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

M S s ekl i el o S B, PRIV
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
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10 20 working days
11 4-4-5 week division
12[don‘tknow_ o e

(Entor horo)' 2

' (30) Itis n to te plenning
divided nt6"T Tohth W

(leokoyinyuorm)xy_

The number of variables required for the sggr e DN
The possibility of aggregating time periods in ler

product types should be considered.
(31) It is sometimes useful to lurouh Run)
Would you like product $
(Piease key in yes or noy!

Mr. smm. requests !bﬂ ‘

;v;gz; Loey o, TRBRE wATE] il Rt e

so*.ﬂ' mmm”\ﬁﬂ‘ﬁ ‘ i pfziih
PROCTOR reasks the question. It delays the redetormination of 4/
determines the pessibilisy of « middle renyi Tordoasting bytioh.
(29) }Mhat tlmo POrlodt do you tm  you 'W!’ use "’E vide.
Plom %l.ct W*M "ﬂ! H ‘ S

. ‘*f 1}”% wdﬁ
2 2 calendar weeks

4
1 calendar month

1 celendar quarter ‘ o
1 celendar uﬂéﬁr - A - e
5 8 ,
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(Enter here): 6 i e
PROCTOR stops to evaluate the possibility of a middie-range Imuulng cyaiam

Now Mr. Smith, do you need an oxphmtlon of the difference between the dommd for on ond
item and the shipments (or sales) of | o e e 3h :
(WO Wil dehith By WY (056 Wi -
(Please key in yes or no): yes

timing of d.mnd end saios.

&nmm@m:iﬂmmh!mdm‘ mg
complicatdl’ procillirdi i g &

(32) Do the end items exhibit increesing or d
(Please key in yes or no): no

(34) Mr. Smlth, do you Mﬂ;ﬁ mﬂ 4 e
(Please key in yes or no): 2

Now do you Hbed & detirittion of purchasing lead Tief
(Plesse key in yss or no): yes

The ‘purchilising load time is the time tﬁﬁchﬁus from the moment a roplcmshmont
order is triggered until the first major portion of the order is ;gs}y shalf. Part,of the -
purchasing lead time is caused by internal administrative port 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 issue of i
receipt at purchase
requisition

review vendor quoted receiving inspection hondl:lm

time lead time time time time

The review time is the time that elapses between the relesse nt he.p
requisition and the receipt of the order by the supplier. It includes, ‘
waiting time, the buysr’s intervention to translate the purchase :
order, and the time required to tranemit the order to the apprapriste wndor.
time includes an average waiting time in receiving, and an sllowance for counting and checking

8
3
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the order. the inspection time (if needed), includes an average waiting time end the actuel
inspection tlm. : ‘ U .

(35) Are there items with extremety long purchasing leed times? .
(Please key in yes or no): ? T

 Imported items are items thet heve long load times. o '
(36) Do you import eny of your purchesed iteme? A ‘ T
(Plomkoyinyaorm):n

Anulhm“cmbm!wdcqmﬂu
Amhhﬁo ' '

wirin gy Hw geiwnslol w2

sinee & ...W

tanng BAL ahe 0wy il LGRS
sa«mummmﬂhm»mmm‘m&mu
relatively undeveloped in its considerasions of dete shindd. ’
possibility and cost of resventing demand reverds os pors.

ane ma»mewmwwmmwmw

aidlany o Bhasds meres g

(RE
1ol pos st

e A R e
(39) Now Mr. Smith, do yous mmw :
(Pbmnyhyuq,m‘ s . ms;w;
. ;- i ot i aitsbe gl 0 Reeen Ty

(40) No my‘:% Qﬁaz@w‘ ; TR ;
Pﬁ& 'f 4t saml ﬁ 2 2 b preastinde w0t 15 ol e sl gl fo el s

5Tt tigeor mel Dl e 3 cear o o e oo el Teem enn o wd Sboemw o gt iy o 2

’ f '.‘.Mﬁuéigy" ) N S . “i!}é"“"yé,; it ST 3 i &

2 onhe yeer
3 opTS.
5mouthm3yun

; P I PRTONA S R YV X
% ‘Pf SR nd Ragms RABD oo g G BRand RS GRSn anltape

af eyravesingn plhne s o roonaenn A

s @impnoke i et o 8T gl R I
(ke WA 0 o

gu?}"pg! é‘? ' 3 § o5
Plnunhctmoﬂhomw

. . LR almtn. g mT ’
covee | ssstiinen LB g9y L opn sheg i, s i g R L L I R R ‘

oEr .
G % do g ik
s B
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t by'duy

2 by wesk

3 by month

4 by quarter

5 by year

6 by transaction , ‘

recordd.: - v

A decision concerning wulwmty the ?ﬂl for
not be mildé. " This' i

(38) Tre WW& w 3
Would you like product ‘W
(Please key in yes or no)' !

Mr. Smieh nvirrapis t hoe &ww o

:;o far tho follg:i:g :arlfl%bo chonpdz Th. rnpenn to mﬁ? eoy&r:in[%

PROCTOR reasks .:..m

| (38) mmmnmwm R
(Ploase key irl.posiorah yee: 4 1o “no . P T

PROCTOR is: wiew wble i pirintlis n Sockslon.” Tt dicids’ihus daia Ti ooy
Jorecasting system sheuld be pessible. '

The data for forecesting of the purchasing
decision are that
.- 1 sales records are present. . P,
2 backorder records in the pi  dipd v prdint
3 errors R.Mhﬁltﬂ.lMﬁﬂ'MWM
4acompmnnohudom-rmmmh égg;;«w d”arxmth

e TR P B

S the length of the sales neordodthwmw&mhﬂ nan,

= ﬁé‘w

Since you have records of ssies and backorders that are error free, it shol!gb. poutblc to
recreate a good estimate of your demand patterns. e ;

Nubc,PmURMMdlnucymo!lmdthuMh’; .

A component to handie middie-range forecasting is possible. The ressons for the dochbn e
that
1 the data for forecssting of the pur W
2 the average length of the dats féfﬁ.e
than one year.

PROCTOR returns to its considerations of an aggregsate plan. (It will continue forecasting

i
"
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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 sggregete purchasing plan of the
purchasing department is not more than 1500.

2 the average number of the constraints of the aggregate 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 smounts 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 hoiding and storage costs while obeying external constraints. 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, o producs
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 sggregation: 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. is 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 sggregation is needed -
and a procurement sggregate planning module is feasible.

PROCTOR requires an estimate of family ordering costs before is decides on the type of routine
2o be used. 1f costs are small, an equalixation 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

5 between 10 and 25 dollars
6 between 25 and 50 dollars
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 h‘i fg ’ AR A i FERTL Hewro! * ¥ T LB Y
thodncisibﬁarlﬁi;! R ' )

1 a component to handie product dissggregation is nesded.

od family mg MMV mmmmmm nwm d.»-rtmt is

lead times or i)
Wc jt.m’r  ' RS S L I R T L "Evr;;*’?’: g e
Please select one of the foliowing: R TR B

1 very constant : o

2 reasonstly constent
3 fairly variable S
4 extremely variable Cr 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 maduls for-isad time determinetion is nesded. The: Mkfwﬂu;m,h thet you
 detided thet- he-iteme with variable lest times of 1y puréhasitig Bipir trbnt

(47) And Mo Setidnes Nmmv Nobility
(Ploase key i yosiorriokn -

(48) Does the lead time vnriabllity depend on the sesson?
(Please key in yes or no): ygs - '

Vendor dependencies exist only when there are multi-sonder ltois.
(49) Do you have items thatcmbomhmdfmnmdmm:?
(Please key in yes or no): n .

(50) Mr. Smith, do you keep historical records of lead times? -
(Please key in yos or no): yes

A forscasting systom is pessible since sensensl dependencies o ;‘wm t..a a-.. roserds
are cnllablc. R o e s

\-,fvs"r‘- W

A lead time forecasting module is possible. The reason for the decision is that load time.
dependencies are present. WNmmM%dtmhMth
'dot.rmimtbmAbdtmmth;sytmeh , or jteme th

Adocisioneoncornin;thﬂypoonmoduﬂor
The reason for the déelsion is that i is ndt known

pnotmon bc;hu lmuumlom inte m‘w

Ne uWMm thﬁu mm
investigations are not continued.

A component tohandhvandorgdoctlon in the p
reason for the decision 1’ thit: vekdor tridiolfs iire

Pnocronb..mummm-mammm
-.mmaymmwm _ eI

And Mr. Smith, doyoumdanlxplmﬁon with mndt to the eommofhouu cost
associated with carryin;luntiofmihm in invoa(ory ng.gm?
(Plesse Koy in yés of nok: y¥t - i

The primary components of the inven dlding, cos ok ] tqg cmmw
in inventory, handling, pilferage, demage, bresk % o o m ‘% . -
obcolounco, ctorqo. insursnce, taxes, otc. hWoFs Port pohents of the
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inventory holding costs are the. cost of capital nndmmnb\mﬂnﬁ,nf these costs is
that one that is directly. ugi%" . vallie: since the:ingidense 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
of the itomwﬁchw. 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 05 dollars

2 between 0.5 and two dollars
3 between two and 5 dollars
4 between 5 and 10 dollars

5 between 10 and 25 dollars
6 between 25

7 between 50 and 100 dollers
8 more than 100 dollers
(Enter here):} |
My, Smith has just reslized dm M gave & wrong answer: 1o guostion 40, His has many lems.
“that are supplied by more than one vendor. He intarrupts PROCTOR 9. rnquest thut question 49
be reasked. T IR SO ‘

So far the following will be changed: Tho answer to quuﬂon a9 eoncornin( multi-vondor itm
in tho purchmng dbpurtment o ,

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:hctnamofwoumﬂkaszhcmthpndmmm‘lnldm

port una/fected. PROCTOR simply skine the. . 10 inventi
,::dors:f“" ord Simply skipe ; _MM o

(52) Do differsnt vendors have si;umclmly dlffnront puuhu&ubldﬂmn?
(Please key in yos or* noxn

There are no vendor trédeoffs so s module !or vendor selociias m eoes
(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 select one of the following:

2 between 0.3 and two dollars ‘ R
4 between 5 end 10 dotlars ' T
5 between 10 and 25 dollars

7 betweern 80 and:100 Yeltars

8 more then 100 dollars e

(Enter here): 3 :
(54) M. St provide a rough estimate of the inventory hokding okt ellpribesd se o

percentage of the item’s unit cost.
Please ssisct one of the following:

1 less than 10 percent

2 between 40 and 18 pércent -
3 between 15 end 20 percent -
4 betweeh 20 sid 25 percont

S between 25 and 30 percent

€ more than 30 percent

(Et‘;'Of horo)~5
From pravions solostesions

e

A routine for computing eoq's Is possible. This Is beéati s Mbtth Tob ‘Middis-renge

forecasting is possible and the eetimsted femily and non-tamily item ordecing cost of the
purchasing department is not iees then two dolters and the odtiiNEI il ind ndn-tamily item
ordering cost:of thp riibnt Svidedty the’ : ~ctsf of the. -

Replenishment rases determine the type of EOQ formuls te be used. - ‘
(35) Do you have any items whose purchase orders mm& coive pll qt onco? |

%

PROCTOR remembers that econemies of scele are present end recommends that a suitable

Concerning the details of a routine for computing 0q's: Order quaniities’ may be determined by
instantaneous replenishment rates should use the soq formula that takes replénishment rates
into consideration. A formula thet tahes economies of scale into consideration should be used in
determining the order quantities ol Htoms wnd tamiflen HHSt Nive- O Seommigs o *mim
ordering from ventioes.  This is beemmue-e routing 1o g wis 6 o " '
for joint ordering constraints is fessible snd joint ordering corsirainty ere p

with non-instantanecus replenishment rates in the purchasing IEEHRGHEN
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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
lhcmmmolhwhyo!nmm :

Concerning the d"'“ﬁ of a rautine for computing eon's: The standard. mm«du whtv
formula ghbuﬁ blum for ,,i ;Aiommle thet te b :

- ndﬁtlm fcii' computiucoqckpou
2a modub for W mlu mtr,dnh is !mlbb.

- Records of ssasengl ii ’,'.'mcblmmn{m Wmnwom .
f'mr:ow&mwrmd.ofmum(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
decision are that

- 1 the data for forecasting of the purchesing deparimant e avellsble. - '
tzh::. aversge Mot ﬂpmﬁx Mmmmmm ba
one yur. s s

Smddmmmhm‘d*udaninmm
(58) How many different smm doyeu hmmm ond itm?

Please nloct m of the fo%uim



- thoondpfthgunon?

145

FRWN -
u‘b-QN [

_Smon thon!o
(Enter m-)-s ‘ e e L
Umlndulamimumuundﬁom“h&pﬁiﬁo[anlu S hos.o
such items (Christmas candy, for evample). S-”m.uudlyh dt the |
m fomcﬁu‘,wa o :

st Do yo hive' sedmons ftems M dpm e

(60) ‘Ars thése Timited salel bedach o mﬂm M to.roquice 4 5p
(Please key in yes or no): yes - '

(61) WW Wﬂ\.m auiﬂﬂh

v RN LGS

“ jf‘.tmmmh.mr

Please select one or more of the mmm:

(Enhr here): 1 2 2

(62) Agproximately whet percentags of your mummmmﬁmr
(Ploass” ’y S o‘\:ydm): o

A module for the forecasting of limited-sales-season items is muu. m. inbecavsayou -
decided that the limited-seles-season items of the purchasing depertment.are important,

PROCTOR new considers dotails af support.
k-mﬂlr_i_‘..‘. uugqblgm ﬁm

) Ars tmr..mmtmunmmm@mmmw&mmm
( lonse Key.Inyos or nok yps

. (64)Arothumwmsmﬂﬂmhmmnwdmmw

(Please key in yes or no): yes

(68) Can you |ivo a the poreonh.o of tfnm ﬂni are, m mo?
(Please key in s value): ?

&ehbnhthﬁthﬁtnhrfwnsﬂudmmmhwm
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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
tiow Somend wp folqwsd by sugdgn hgh gapand .

wmmwrﬁhn "5" T

A module for the forocuﬁu of items with m'mc domnd is umsury 'ﬁn reason for the
decision is that items wjth_orr‘,icdov? nd in - _deparly s absent. A

componnt to hendl8 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)-? ’ T

could not be mace. This is because it is not known whether priiaiipt
(69) Mr. Smith, do you carry advertising campaigns thet greatly aff
your end items?

(Please key in yes or no): ?

A decision concerning the noeusn of a component to handle the forec
items in the purchasing ¢ : e M King
advertised items are present.

(70) Do you think it is tmportmt to provido support for pndicﬂn‘ tho ;ro\wth, maturity lnd
'doclyﬁyowiw ' el T

* A module to‘support the prediction of flei e petterns s nnicedsary. T
reason for the: deeisiofis that you decided st the: suppoFt SEDHEdiction item-Hife
unimportant. .
(71) Do you have sbnormily<targe orders 8 16" ipeciat ortiers; errdie, pros
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 unneceitary. The rasson for the decis
that the contral of items thit s fmoramwmm Jrehisiing
un' !.M - o T A PR )

biv is that you decided
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PROCTOR can now describe the details of the module for middle range forecasting uppon.

| coTning the detalts of  compbnent to handié middie-rangy forecasting:
domand for product types, non-type families mf non-family noi mﬁ!dgdd be forecast
by exponentisi smoothi Thase forgcasts disag:
snidi-demainds of ing Wibﬂmﬁdfﬁ? ovels'e
with a small alpha. Tmubocm.mmtﬁﬁ

TbucompluucﬂntMPROCTORM»WMM.&I&!MMM’W

responses cen be checked Iumm mmmerize

You sre at top level. Pisase select one of the foowing:

1 quit :
2 continue the analysis :
3 help
4 change answers
8 summarize the analysis

(Enter here): 1

And Mr. Smith, do you really want to quit?
(Plosse key in yos or nok yey .

Do you wish to save what you havéi ‘dons 50 far?
(Please key in yes or no): yes

It SR

A record of this session will be saved. Do want a listing of the ssesion submitted for printing?
(Please key in yes or nok: n - SR

RIS N

Welcome back Mr. Smith!
Todly is April 27 1976 Tho time is 803 pm,

You are continuing the analysis sterted on Apﬂl 27; i‘m it 7538 pm. Yo;g@m at Jop lovel.
Please select one of the fouowin.

2 continuo the omlylis
3 help

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

nged: 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?

(Plogu koy inyesornok:n

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 must still reask question 44. .
(44) How would you characterize the variability of your purchasing lead times 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 lead time variability depend on the season
(Please key in yes or no): n

There are now no lead time dependencies so a lead time Jorecasting system is inappropriate.
(Notice, this section illustrates PROCTOR's environment mechanism. PROCTOR has invalidated _
all references 1o evaluations concerning lead time Jorecasting.)

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 "omergencvy" lead time for critical items?
(Please key in yes or no): yes

(74) And Mr. Smith, whenever the purchasing lead time 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 caiculations. 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
shouid 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 lead-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

Mr. smchummwwhchmqmwumnblhrthqmmﬂuudms
that question 29 be resshed.

The current question numbers range from 1 to 76. Please key in the numbers corresponding to
qmtbmwhoumwnywvbhtocbm :
(Please key them in): 29

So far the following will be changed: Tﬁ.mioqmdbn”abouﬂhthnwbdm'
oftmmrumwmﬂmﬁthmh‘mm

Do you want to changs any more? X

(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 horizon?
Ploase select one of the following:

1 1 calendar week
22 calendar weeks

3 3 calendar weeks

4 4 calendir woeks

5 1 calendar month

6 1 calendsr qusrter
7 1 calendar umtor

10 20 working days
11 4-4-%5 week division
12 I don’t know

(Enter here): 5

infeasible unless tims periedy or pre
hotw PROCTOR neéd not receompisi

A procuremmt agicrogaté Mﬂ( Mﬂc is lnfndbh Thlc ls bocm tho mruo m Qf :
the variables of the aggregate purchasing plan of the purchasing doportmt is more than 1500

Unfortunately, M#. Smith f.mc why he choss such an " '

and a procurement aggregste planning module is needed.  The m m roavired for
the aggregate plan mskes it compiiti ‘impractical. Lk aggrogating time
periods in the planning horizon or further aggragating Arogdu tmm be.considersd.

In changing the number of time poriods, Mr. Smith affocted the evaluation of the foasibility
of an aggregate plan and in turn, the evelustions for the middle range forecaning system. If
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an aggregate plan is infeasible, it may be that no middle range Jorecasting 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 needod for a joint ordering interactions module. ,

Concerning the details of a module for middie-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 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. Smi:h 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 unnecessary. 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 horixon of 6 to 12 months hoping that this will change the number of
variables in the LP. (Clearly, an explanation system and some sort of debugging facility 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 nurmbers 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
(Plomby*inyuwno)m

(27) And Mr. Smith, can you give an estimate of sn sppropriate time horizon for en aum.to
plan?

Please select one of the Ma
1 less than 8 months ‘
2 between 6 and 12 monthe
3 more then lzm
4 rot mum ‘

(Enhr horo) 2

The onlwkm heve not cmm PROCTOR du\plyndnm: Iu vions evnlustions.

A procuromont aurogato planmn; module is infeasible. This is becayes the %tnp number of
the varisbles of the- sggregste’ pichissing plan of the } m priment, ,m t'!‘ﬂ A0
and a procurement aggregetsPhing modulé is neadbd: reg

the aggregate plan makes it computationally impractical. Tho sossibility 'of sg
periods in the plomin; horizon or further aggregating product type M
The demand for product tym. non-typo familios and non-femily mﬁ’-fy % tems should be
forecast by exponential smoothing. These forscasts may be MW _ta &bo
relative annusl demands of members. Demand for siow movers cen '
smoothing with a small sipha. This is bacsuse a component to ,handt the fq;pcutiv’. of
seasonal items in the purchiasing depirtriaft s ndeted #hd o moduls for the forecasting of
~ seasonal items is possible and a component to handie the forecasting of slow-moving items in
the purchasing dspartment is nesded and a component to handie the. fomagngrgf nlm-mvm( _
items in the purchasing department is possible and s procurement MO
feasible and a component to handie joint ordering constraints is feasible. A
product aggregation in the purchasing department is unnecsssery. This. 'Bacy 8
procurement aggregate planning module is infeasible. o

You are at top level. Please select one of the following:
o1 quit
2 contm the mdyﬂs
3 help .
4 change snawers
‘5 summarize the enalysis

(Enter here) 4

Mr. Smuh remembers that he lu not cpoeify mmmw coniracts were presont. He hopn ;
t0 remove the infeasibility evalustion by completely specifying the problem.”

So far the following will be changed: The responss wqesstmummiﬂc""“"’ contracts.
PROCTOR continues execution. . . . . o “
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 already infoasible 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 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

Mr. 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 following 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 sre 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 the entire session. It finds
affected 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 the number

of time periods has increased. .

A procurement aggregate planning module is feasible. This is because the average 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 middle-range
forecasting is possible and 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 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 .eompommmmmmmwamnmhwm.mm
the forecasting of seasonal items is possible.

2 & component to handie the forecasting of slow moving ite

.component o handie: thi' forecasting of ' B
3 a procurement aggregate planning module is fe.
ordering constraints is fessible.

A component to handle product aggregation is heeded. “Thi“resson for the decision is that »
procurement aurqato planning module is fessible. A component to handle product
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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 horo): 123
a 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. k

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. Multi-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 thst 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-tamily items of the purchasing department is 30. On the
average, the number of the non-family items of the purchqsing department is 2260.3.

The number of the families of the purchasing department is betwsen 101 and 250.
A module for family aggregation is possible. A component to handle family aggregation in the
purchasing department is needed. 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
economies of scale. The number of the product types of the purchasing department is between
21 and 50. :

On the average, the number of the product types of the purchasing department is
36. A component to handle family disaggregation in the purchasing department is needed.
Concerning the details of a component to handle femily 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 contracts 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 aggregate purchasing plan of the
purchasing department is between 6 and 12 months.

On the average, the number of the variables 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 civision of the aggregate purchasing plan of the purchasing department. The
time period division of the sggregate 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
programming model. This model should optimize holding and storage costs while obeying
external constraints. The percentage of aggregately-planned items of the purchasing
department 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 details 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 forscast by exponential smoothing with a small alpha. 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 purchesing 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 handle
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 lead times of the purchasing department are important.

The percentage of items with variable lead 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. Muiti-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 eoq’s is possible. Concerning the details of a routine 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 dollars. The variable
item holding cost of the purchasing department is between 20 and 25 percent.

Items with non-instantaneous replenishment rates are sbsent. It is not known
whether extremely-expensive items in the purchasing department 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 forecasting 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-
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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 aggregate planning module is needed.
This is because you decided that the external constraints of the purchasing cepartment are
important. A procurement aggregats planning module is feasible. The reasons for the decision
are that

1 the average number of the variables of the aggregste purchasing plan of the

purchasing department is not more than 1500. .

2 the average number of the constraints of the aggregate purchasing pisn 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 sxternal constraints are present. A
module for product aggregation is needed. The reason for the decision is that a procuremsnt
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 relstive annual demands of
members. Demand for slow movers can be forscast 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



160

forecasting of seasona! items is possible. -
2 . componont to handlo the foncatgc of slow-movm; itm isgnudod and a

' Thc m m— feneuﬂu of the mha mm fs waﬂablg s&m,xqu htvu
records of sales and WW Mnor m.. Wb@; ' W to tqc;::% ¢ood

-atmmm&wmmmmh it it is no
Imwammdsmm

Lol ﬂmmmthtmd amddeforlm;hpdﬁm dotemimﬁmg m’fh-
purchising depurtment could not be made.* This is beciuse it is ﬂ, oM whether Jong hld
time items <are Prosent: A module Tor product 3 i E '
component to handie product nure;ation in the pwchagm dtpaﬂmnt is md-d.md a

procurement-iggregitesplaniing inbikie i festible. -Cx
handle product disaggregation in the wM depar
Hax-mes! diéaggregation: schined W soiilfing ph e
family and non-family item members of prodit &
with setup andhddiumhmum%nmv aré that
1 a module for product ¥ 2
2 the estimated family ond non-fmity itub orcbrlng eost of the purehuing doputmmi is
more than twe: m , .
3 . proemmtwd ;ﬂmm. mduh k Mb

A eompomnt to"handie' fesd time determisation Iy m, ms_k_bocm‘you_‘c!n
items with mmw.wma the purchasiry prich

current estimte: NW art Toa ' % ants
r.mmmm%um R R
1 'y leid-tmes are pmont in m m dmrimnt ' .
2 restrictions are present.
3 You decided that: twtm mcmm of tho wrcham dbpmmnt Iﬂ appropmto

ided em the

A componont to handlo vondor uhctlon ls ummury Thlc is bocq}uso vondor tradooﬂs are
absent. ' o
: Arouﬁmhrcomﬂngtoqshpossibb. mum.mmm

range forecasting is possible and the estimated family and non-femily item ordering cost of the
purchasing department is not less than two dollars and the oqtimntod family and non-family item.
ordering cest-of tmmwwm /ithe ol hokdmg -cost of the
onq?.x ‘icdindvd mzofdu W ﬂlm&' ol tie' Uled “Ter-mc
formula that tekes ecorfomies of scele irto ¢o ¥ should te-u 1
order guantities of items and femiliss that have eiﬁih
vendors. : The resscns:for the: decision sre thet-© -~

1 a routine for computing e0q’s is possible.

2 a component to handle: joint-ordering constraints is feasible.




161

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' nas M ttd ‘

Questiontwo - '
concerns the address of KBS Foods Ltd

response: cw NA 021488

Quostion 3
concerns whether the acﬂvity of KBS Foods Ltd is purehulm
responss: yos - ‘ '

Quostnm 4 '
concerns the number o! tho purm
Foods Ltd

rupemos 1

Question 5
wmmwmmmromwnmdmmwm

mpcmyn

Quutions ' ’ ‘
mmawamwwmm
rospomo' lbnnt

Q ion?
oommthﬂﬂmofmmmm
~rn§onm mﬂmwm :

Quntion 8
concerns tho status of complox ordors ,
- rapoﬁ-i tbant

Question 9 - '
- concerns tho status of m-&m orders
rnpom prmnt

Question 10

concerns the status of ;oint qummy discounts in the wchuiu doplrtmt
response: not known

Question 11

concerns your judgomont concomln. the posdbmty d thg hm“y lunplion of tho
purchasing department
resporse: possible

Question 12
concerns the percentage of non-family items of the purehn&g Wmt

response: 30

Question 13
concerns your judgement concerning the si;niﬂccneo of joint ordering constraints of the
purchasing department .
response: significant
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Question 14
concerns the number of the items of the pu'chslu dopvtmmt
respanse: botw 8001 and 10000 . . :

Question 15 :
concerns the number of the families of the purcbulm dlpartmont
rnpmo: between 101 and 250

Question ‘16 o ’ ” o
concerns your desire to the family nurouﬂon of tho purdudn. Wt
response: not-dulrod

Question 17

concetné the status of storege constraints
response: sbsent

Question 18
|, _concerns tho statys of finencie) consiraints = ] o

Question 19
concerns the status of vendor contracts in the purch.dn dopnrtmnt

responss: sbsent . R e

Question 20
concerns the status of vendor supply-limits in the purehuln. dlpartmont
response: present :

Question 21
concerns the status of unoml-lnvontoriu in the purchniu dspartmt

response: present P T

Question 22
concerns your judgement eoncornln. the importm of oxtomd constraints of the
purchasing d-pmm , PR R
response: importent

Question 23

concerns the. percentage of nuro;.my-pjw itams of the. purMn[ doplrtmont
. response: 685

Question 24 '
concerns your judgement concerning the possibility of ﬂum q;nnﬂon of. the
purchasing depertment
response: possible

Question 25
concerns the number of the product types of the purdndu doportnnt
response: between 21 and 50

Question 26
concerns the status of a aggregate purchasing plan
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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 38 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 ssles. roeords of tho purehodu Mm
response: mors than 3 years

Question 41 ‘
concerns the periodicity of the sales roeordl o' tho urchesin
response: by-m : gorhtartil,

Question 42
concerns the item ordering cost of the Purchasing dep
response: belwwermtwo S dobers 0 -

Question 43 ‘
concormthonumborofthoitmwordurdm
response: bohnon 11 and zs - T x

Question 44
concormthodnruofvarlabllltyofﬂnhod-ﬂmcﬂﬂ' pUrchasing oef
response: fairly varisble R e

Quution 8
tho ne your judgement eomomin; the importance of items wmlyghblahpd iims of '

response: Importunt
Question 46

concerns the percentage of Hems with varistle feal tiwes of the purchasing dapartment

response: 18

Quution 47
‘concerns the stitus:of order size lead time W
response: absent

Question 48
concerns the status of umml lud tlmo m
responss: absent = -

Question 49
concerns the status of Ml-vondor itoms

respense:: present

Question 50
concerns the stetus of lead-time roeordt in the pwdm dopqtmm
response: present -

Question 51
concerns the purchese cost item of the pweh-dr‘ dnpoﬂmmt
responss:: ‘betwaen:twe and-8 doitars
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Question 52 ; ’
concerns the statiis of vendor leed time dependencies
response: sbsent

Question 53
concerns the status of vendor price tudooffc
response: asbsent

Question 54

concerns the varisble item holding cost of the purchum dopom\ont
response: between 20 and 25 percent

Question 55
' concerns the status of items with non-lmhntm fm rdu
response: sbsent

Question 56 ' -
concerne the ct-tul of ntnmly-oxpomm itome
response: not known

Question 57
concerns the stitus of records of nuoml foctm
response: sbsent

Question 58
mm!hoﬁumhrdhntymdumnmd!hmohﬂmbnﬂmt
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: important

Question 61
concerns the limited-sales sesson item ovouu cost of tho purehnmw
response: the cost to liquidate and the off-season hoiding cost

Question 62
concerns the mmnhn of limited-saies-seeson m of the purehniu W
response: 10

Question 63
concerns the status of slow-mown. items
" response: presant

Question 64

concerns your judgement concerning the impoﬂmd mm of l!n
purchasing department

2 (
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response: important

Question 65

-concerns the percentage of siow-moving items of Mmmmm
response: not known

Question 66
concerns the status of items with erratic demand
response: absent

Question 67 T '
concerns the status of fuhiomblo itoms . ;
response: sbsent =

Question 68
concerns the status of promoted items
‘response: _n_ot known

Question 69
concerns the status of advertised items
response: not known

Question 70

concerns your judgement concerning the importance of cwport 9! m Mﬁ
response: unimportant

Question 71
- concerns the status of items that experience lm ordors

response: present

- Question 72 oo
concerns your judgement concerning the importance of control o? itou thot oxporbnco
large orders of the purchasing dopwtmnt
rospom unbmpwtmt

Quution 73
- concerns the status of emergency lead-times
response: present

Question 74
concerns your judgement concerning tho upproprldm of the safety lead-times of th-
purchasing department
response: appropriste

Question 75
concerns the status of emergency lead-time quantity-restrictions
response: present

Question 76
concerns the status of emergency iead-time price-incressss
response: present

The following is a list of possible summaries 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.smhhdulmhhadmmﬂfwnhy ﬂ'hmd-ambdmuhurd
mmn.m&mmwm e

And Mr. Smth.youlndtopbvol. anonbe%moﬂhm

1 quit
2 continue tho analysis
3 help

4 change srswers

5 summaerize the analysis
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