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ABSTHRACT

Toim peper develops the desigm of 3 dara
base sysces to support operaticma research
models io the coatext of wa Iotegrated plan-—
wing syeten lovelving a ousber of differenc
asere ¥nd computer progracs. The requirezents
for such & system are described, a ‘matwock'
dats base scheza is developed and the scheza
and cozzand lenguage ave i1llustrated chrough

a specific example.

1. INTRODECTICH

‘Gomputerized plaaning systess and oodels
bave been used inctesasiogly do recent years
[11]. Howevar there aye Telatively fev examples
of tyuly Integraced syntems favolving cultiple
corporate Jepartoeasy and several lavers of
decigivm-making {rea the cosr dekailed plan-
ming &t the prodection level to more sgpregate
fipancinl suc=aries and snalyses for Budgec—
ing and stratepic decitiunﬁaaking. Much re-
peareh has besn goneerned wich the posplexity
¢f such systens and the ways io vidch coczpucers
emn provide Information and analyeie suppert Ta

‘the decisicp-cakers, The geastsl reguivesents

for a decisien suppert syste= [DSS) bave been
citlioed fo f1], [2] sud [9]. In rhis paper we
describe how data base managecent system Cech-
clfques cem b used to keep track of the coxplex
toforeation flows between diffsrent dezizion-
making gmits apd cozpurer progross. The oblec-
tiven are: {1} ro ilocremss the fotegricy of ;ha
plaoning process by aszuring that The cerrect

' Inputs wra used by the wvariops compuber prograzs

and by providiog an "acdit trail’ and {2} to

#ld the uysers by fecilicating daka retrieval and
processing and by providiog az enwlronoent in
vhich ic 1lx =a37 to test and keep track of the
effects of differsnt codel gsswoptinns and data
valuea durlag sencitivity analysea.

The advanotages of Dats Base Mapagecent Sys~"
texs (DB¥5) in aeguring data Inregrity and zac~
uriry, teducing data redundaccy, dafacaicing
eultiple relatiopehips between data izezz and
providing the basis for power{yl retrieval lac~
guages are well-docymeaced [10]. To date appfi-
caticone have beex prizmarily io an dnformaticn
rvetrieval or date processing envitoazent. Tha
"data baze appreach' Is fo desipgn the logical
acructure (scheca} for the dats to allew for
the eatizated daca regquizesents of differzor
ugers and progrems. For wodeling and plaaning
syatems chis cighe sppear Te be & difflculs task
sioes the daza relatioaehips to be saincaloed
differ frem zodel ro codel zmd lu the coatext

ef any pze wodel are often ascercaloed ooly

© through extepsive erxperinencatinp aiced ar fiad-

ipg the moet fzportant warishles lffeﬁ:ing che
thfeceive of dnrerest. Hhat I3 ceeded here iz
a reccievsl lengueze and data bese systes which
is capable of Jdypaznically tzansforming logieal
dara zrruztures £o the needs of a particular
oode]l at a pattienlar tize. 2y leogleal strue-
tores we zsan che data base 'schesa’ (systes
adminiscratore wiew) and zore particulacly the
cless of "subschemas” (prograsmer's views) which
cnp ke derdved from the schema. A =apping lon—
guage foT this parpose has been outlined in [4].

In this paper we concencrate ca a different

aspret of the use of DEMS cechnology to support
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decinivneek{ng—oomely ita use to help oeosge
the deta flows god sodele duriang geuiuﬂtr
analyses in both the sizulaticn aod produccicm
use of & planning aystem, The teoputer proe
gress cheouelves ATe Ieprfeaenied by record
segurrences o Ehe daca heee which can be Te—
trieved and executed by high level com=apds,
Wa deacyibe 5 schesa based on the COOASYL Daca
Beme Task Group (DETC) "petwerk' approach [5]
whick ix ook problez—gpecific zad cao he used
in & wide variety of spplicariors. Related
work appeard in [3}. Tha Present paper is an
expansicn and illestration of previcus vork e
this sublect [13].

2. EFEQEITREMENTS FOP A COMPDTERIZED D55

Soma of the probless which cusc be faced
In thke comatyuctisa of an Incegrared plmaniog
£E¥RLeD ave:

.

{1} The cecessiry to troasform dara fnto the
speeific format required by a parcicular sofr-
Wure package OF coopuler poograd.
(2) Difficulries {3 data naming tonventicus
vhen different prograns and peckeges ara co he
coordioated.
{3} The fmcr thar the plaumivg yystes cight re—
quire alternative pappings of che sase data ip-
puts inte (different valnes of) the s cotpat
wariablez. Comworn exaoples occur when The
plenning xyaten fe o be capable of festiap ocur-
coeed onder dlfferwnt depreciation or lowemcary
whnggesent Tethods.
(4) The necessity to coordinets a lacge mu=-
bar of programs which intevact with each ortker
through thelr joputs 33d outputs azd must be
exscuted in certain zequences Lo emsure wvalid
resylea.
(5} A coxplex data intepricy prebles must be
aolved In that data redmdancy is a desired mora
rather than acoething to be avoided, The plan—
oing aystem ahould be capeble of generztisg amd
aeiptaining alternative values of cutpot wardi-
#bles at each of zeveral stages mmd levels of
the planning process. It should be possible
md siople to trace, display amd, If pecessary,
£d]ust the cazite history of program Tuns,
assuxaprions and dara values which vederly amy
watput. This i{s uweeful, for example, in itera-

tive budgetiog processea fovolving negotiation
berween corporate diviclons and beadquarrers.
{6} Becovie meay uzers zay be iovelved in che
Plapning process adequats AecuTity messures
muat be provided. Many uszera will hove tes-
tricted righen ko A sodify data and’
tn initiste progran Tuns.

{7) EBzcavse plazmning eyscece cust be capable
ef vwolucico imd extensicn chey should be builc
io a modular manner sad easy to cedify aad
=amintain. )

(B} MAdequate progracmer and uwser doommeatation
sbould be availakle.

(5) Sipce ooy 1'.;121:5. will be fmwglved with
differing levels of prograsming expertise the
ce=mamd langusge =gt be sasily underetandable
and forglving of mistakes. Users should Feel
'copfortable’ with the systea in the sense thac
they koow where the,—v are at all scages and can
bhave confidence that che data supplied thes is
up-té—date aad correer. Ta this commection
the plamning yystes should far-_i.lii:a:e the cem—
=micaticn process 6o that s given uwser cap
ea3ily deternine the relevant acticms of sther

nsera—a forg of electroaiec =ail.

In the following seccion we ourline the
dealisn of & systen which atteopts to weet Toay
el thesse tequirezeats,

3. FACECROAMND AND TEEMTHOLOGT

Ike date bate desaiga will be II1Tustrated
oeing the netwetk spproach [5] primarily be-

-cande such systens are more readily available

cmercizlly.  An equivalent systen design cowld
Teaddly be iuplecented in 8 hierscchical [8]
or rTelaticoal [6] DEME,

In the ceteork approeczh the scheca or logi-
cel desgzipticm of the daca icveives dara fcecs,
record types aed ser types. A data item Ls the
gmallase uniz ol data which hey a cesniog. Sub-
mets of data iress can be sssociated vith each
other by specifylag rkar they belimg o the
sape record type. Hecord cypes ara in furm re-
lated to wach orher wia the "set' comstroct
which vomeidtuter 3 ope-to-sany relationehlip
Letwern 4u "ewzer' record type and a 'mecber’
record Lype. These construces are sufficienc

to represspt data relarfceoships of ashitTacy



cozplexity {see the grophical vepremsentacicn of
the propased dace base schezm in Figure 2). AT
any tize the stored datobase {or 'Tesllzation')
ef the gcheoa will conzist of en arbitrary ous-
ber af "insteaces’ of each tecord-Type corpea~
pondiog to the values azsumed by the data {gezs
{aee Flpures & and 3). After the schema hag
been desijned and che dace loaded, retrieval
according to the DBTC specificarion involves

the u:é of » data mapi{pularion lenguage [DML}.
The DML gives the user the abllity to traverse
the data base network In » record=hy-record man-
ver. Fioce this ix & Sairly "low level® lan-
guage, unsultable for mep-expert users, the pro—
poeed cocmand langeage will contala Zany "pre-

progrinmed' retrisval programs,

The planniog sysCez is being doplecented
ia cke APL propra=aing language waing the E0OBS
Dara Base Mapagecenr Syszeam, [7]. The scheza
ie describad using a 'Data Definicien Language’
(DDLY. & partisl definition of the proposed '
dchews usisng the EDES DOL is illustrared 1o
Figure 1.

In the 1mplecentarion sdvantage has beep
taken of soma of the features avallable io AFL
which ere por duplicaced in other languages:

{1) The laoguage po3sess an 'Execute' operator
vhich ellows the coastruntien of comaedy as
tharacter atringa shich can sﬁbsequently be exe-
cuted. Usicg thiz feature character catrices
coasfacing of seqQuences of coazandr to open and
el filea and execute prograss (Cfunctliona' In
AFL) can be atored im the datadase and rerriaved
sd executéd as Tequized.

(2} Puncclens can be converted to characker
=artices, stored io the dara baee eyzzes in

this forz acd subsejuently retvieved. A "group'
of gurh funcricms can be stored and rvecrieved
ip & sizflar manmer. In the following 'Func-
tion Croup” will Be equivalest to 4 prograzm
{with itz "zain’ azd sub-prograss} in enother
progra—=log language.

{3} Data arrays of ony dicensicn can be stored
an ‘rocpocents' of a vandem aecess file, Fuz-
thersore 1t 1= 8 simple matfer to eocods char-
scter and numeric arrays inte a character atring

which can ba etored a3 2 single EFile cosponent.

The above cepabllicles of AFL have been
waed to afnplify Lh; deaign ond will sisplily
the exposition uhich followg. Howswver the logi-
col design could be i=plienented in ather pro-

gra=ming leagusges wlth oaly oinor changes.

2efore describing the scheca apd the pro-
cenylng cocoanda which operate oa the database
it is necessary to define some of the tercs we

will be using. A 'Planning System' consizts of

& neaber of Mpdela., Zach Model In tum consists
of 2 nuaber ¢f Proceszes. A Proceds involwves
the use of & Funckion Growp in the context of a
=odel, A Fyneriono Grooup (™ progres) execuces

a sequence of cperations on the data snd repre-
gepte & cozputational step. A FPumerloa Gooup
may consist of one or oore cocperating APL func-
tignz, A Process 1s agssocisced with ooly ooe
Fusctlon Crovp however the seme Fyactlon Croup
oay be used {n a aczber ¢f different Proccsses
in the saze gr differant zodels. The gpecifi-
cation for & Process includes a defintelon of
the savirenzent ia which its assuéiated Fuynction
Group i3 co operace facleding coe omoing of fis
1nqytu acd cutputs (with renzsicg of vgriable?
whetr necessacy)—see Tlpure 4. Thus a Fuac-
tlon Group oight execute a limear progranoing
algoritha and aight be wsed 23 a Process da both
4 production plarning ¥odel azd a cash nanage-
zenkt Hedel.

To vaicvtaln data integrity and co ensure
that all inpucs which affece che results of a
Frotess are recorded all daca’is srozed on
diceer access Eflles unless crased by the user.
This Includes dsta entered in respomee to pro—
gran procpts if that data sffects the values of
cutput variableg. Tt ia necessary o dlstinguizsh
berween diffecent kinde of dera ilopucs co Pro-

cesces. 'Exoponous Ioput’ Eo 3 Process L3 data

pravigusly cutput by another process. Since

all data entry functions {e.g. loading of daca
from A sagoerlc tape) are peorforced by Fra-
cesaes aloost all data 1* exogencus. The oost
i=porcant excepcion to chix wecurs with pro-
cesaes accepoing on~lice input fvom users.. Such
date ig referred to as 'Own Tnput.’

A nusber aof algorithme (includiog corpor-

ate planning si=ulation pockages} operate by



« ——

interpreticg & loglenl lpe:ificatinn af rha users
problen. OFrez daca values {paroseters) are lo—
bedded in this logical sratezent Howewer it i
becrer prackice for xamy reagonz Eo =ake tha
logical statezent as lodepecdect as paszible of
the data by expressing parazeterss as varlables.
To ezxphasize thia and ro locceass the sell-
documentiog capshilities af the syscea this Iorm
of "input' to algerichsa 18 treated. seperalely

and iz referted to as 'Frobles Statenent,’

Duricg the execurion phess of a Hedel the
darw fopucs ecd outputs: of eech PFrocess are oe-
corded In the data base. The initial set of data
for & Frocess will be refessed fo colleccively
ax 3 Bawe Caze. An adjustoen: of the valoes of
& Bape Cagse for zenaicivicy teseciap or other pur-
poses {x a Case. To sove dats storage a Case is
tepresented omly by the APL lostructicns which
transform values of che Zage Came data, A #ym
in the record of & cooputatiom peziorced for a

specifls Cise of a Frocess. Theze 13 a 1:l cer-

raspondence betwesn a Ron and 1ty assoclaped outs

put deca.

4. A DATA BASE SCPEMA FOR DECLSICN SUFFORT

The databaes dezlgn iaclodes four AFL files.
The Para Diericonary File contalos definizicma
of: (1) the Models, (2} the Froceszes includ-
ing theit Igpur and output varisbles sod Problea

Statecent definicions amd (3) the Report Defini-
tions {formarta) for output variablesz. The Data
Bage Ditectory =ainteine the logical telaticm—
ships beryeen Hodels, Frocesses and the Ezse—
cases, Casey and funs whlch copstltute Ehe oo
putational history of each Process., The tem
"Directory’ is used becavse rthe data bace
records prizarily cootaln "polaters” te the

Data Diccicomary and Model Data Files in which
the dara values theaselves are stered. The Bata
Flle for a Model contzins the aceoal Input.acd
cutput data walues and characcer matrices das-
eriking che nature and purpose of sach Basecaae,
Cese and Fum- The Fupctiom Lidrary centains the
code for all fumctions used by che Plasndzg Sys-
cez; airher iwdividual fupcrions or cozplets
Functioa Groups cay be accessed, All functioms
o3t be registered fn the Tuncblen Library be—

fore they can be vaed by & Froceas. This pro—

cena of vregiscration alap enforces prograzoer
docuzencation. The Functlen Libkraty is part ef
gnother 'dsyscten development' sysres ead «1ll oot

be Zfurther described hera.

Figore 1 below showy part of the scheda de-
Einition for the Data Bage Divectory im che DIL
of EDBS while Fipurve 2 zives m graphical repra-

gepcaticoa of the acheaza.

DATA BASE PLANSTS NEIWORK

RECORD LODEL

BATA-LITEM MNAME STRING{10}:KEY
DATA-ITEM FMAMHE STRINGC{G)
TATA-ITZH H-DESCR-FTR SLMERIC(I, Q)
WD

RECORD BASECASE

SET M-F

OWWER I5 MODIL
MEMBER IS5 PROCESS
X

SET P-B

Fizure 1
Pare of Schema Definition

Toderlined dacs iten naces In Flgure 2 are
vecord "keya” comslsTimg of user—glved naces

for the record imarances. The sufflix "FIR' 1a-
dicatas that the data irea Iz a 'polarer' (valee
of a2 compopent acsher i another £ile). Daza
iten nazes eading with 'DESCR-TIR' ate polnters
to uger-given character matrices deaerlbisg che
gssociated record insrance. The seandogs of

the other data ltens arve:

MOpEE  THAME - panze of model Data Flle

PROCESS . FUNCEF - pame of AFL workspace.naze of
Funetion Groun

FROCESS.EIEG-FTR - poincer ta characcer =aktrix
tepresecting the scquence of AFL cemmazds
tequired to execute the Functlen Group.

CASE.C-EXEC.PTR - pointer fo character =matrix
glving the APL coacazds represeating the
chapges fo the Basecase assoclated with
this pazticular Case.

CASE.F5-NAME - the FSUsME of the Probleo Stace-
#enk associated with this Cage.

RUM.DATA-FTR - poincer to the daca eutput from
the Run.

PROB-STATEMENT.F3-FTR - poincer to the char-
acter matrix containing the Problea State-
GERL.



FROB~STATEMERT.L-NL = a binary veriable inmdicae-
iz whether or not che Flanning Syatexz ia
to aucesarically read che Probleo Scate-
ment ioto the user's wvorkapace. If nor
this will be dore under progres control.

INFUT.L-HL - binary varisble indicating whether
or oot the Planniag System Lle to pubtozati-
cally Load the fmput data ince che user
workspace. If not then the data «ill be
yead uader program control.

INFUT.G-EX - bimary warisble (mdiczating that the
input variables are "Owan' or ‘Excgenous’,

INFIY . I-WAR-LIST - naze of sodel.wase of Froe
ceag:  liac of the lopubk variable nacen

- folloved by their diseosloge ip pareatheses
(aee Flgure 6},

OOTRUT . O=-Y¥AR-1.IST = liat of cutput wvariables and
dimeopnicon.

REPORT-DEF.R-DEF-PTR - poincer o the characker
etricg =ncoding of che repore forzat C(head-
iaga, labels, ¢tc.).

The pointers ia the vecords ) through @ in

Figure 2 point to the D=ta Dictiogary Flle,

Thwan records are stored durfng che Model Defini-

tiom Phage. Recopds 7 through 10 record the his-
tory of procssaiog apd thelr poioters point'tu
the Model Data File., These records are stored
during the Model Running Fhase.

The Planning Syste= la designed to facili-
tate avtozated ruaning of all or some of the Fro-
cepses wicthie a ¥odel ar che Option of che user.
The FPROCESS records within the ¥-F ser are stored
in cheic "ostural’ precedence order (the flrs:
record in the ser {x the fipst process to be
Tun, ets.} The Plapning Systea has the lnfor-
mation te ensure this (see Section 5). The
tecords io the P-P and PB-L zers are =maintained
by cke Plazoning Syzcea fn LIFQ ovder wmder che
azsumption thet the Jatest Eagsecaze acd Case are
the sost likely to be used. I this iz mot che
caze cthe uzar can icdicate the parcicelar Base—
cages am] Cases ro b2 used prior to tunolop the

¥odal (or any valid subsegquence of Processas}.

The various Cazzes telate the inpus and out-
put data penerated dutrlop senzitivicy snﬁlyses-
The C-EXEC-PIR for the Iast CASE record io the
B= et (which 1= loaded ar the game tire as Irs
agsociated BASECASE recovd) actually points o a
characrar matzix of AFL inscruwetions which loads
the entire set of data for the BaSECASE. The
C-EXEC-FIR"8 for other CASE records polor ra

E_ 1. ¥CDEL
) [roee | mﬁ[ M-DESCR-PTR |
H-P i
Z. FRILESS 3, PRQR-STATEMENT
EEEE D [ P-oesca-zm -y psting | L-41| P5-DESCR-PTR fps- 7re|
F 3 :
-1 &, IMPUT .
i -l Data it L | 0-EX | 1-VAR-LI5T |
anETy
Fr] []
Foloters to bice File b 3= TR
- | e-war-rass [
7. BASECASE. ¥ i 3
11.'me_! n-m—scs.-rm! 1 -k ,
&. REPORT-DEF q: .
. Immml Rf.?~m'.scs-r:&[ R-DEF+PTH
3. CASE
| cwee c-r.xsc-m[ c-nsscawm{ PS-RAE | cowvperioss i
4 1} Each box corredposds Co &
C-I-R Bl ? racord Cype
DATE ) Th =w of cha cwcord Type
,-‘ ' ) i:-u:;.:::n ouralde the bkox
DATE 1] Data fteo nassx zce WTitDin
i * within che box
-1 4} Serm ara represenced by ITOVE
10, X : o , i
Pz * IHFDES:&"PrRt DﬁTﬁ-rIR{ 53 S¢r na=es e written beslde
o ke ATTOWE
Fipurs 2
Scheca for Plunning Data Zasva Dizeccory
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cheracter matrices of cha APL dostructions which
convert the original] Besacase data waluse to
thoaa for the Caze, Thua the lask reccerd fo the
B~ sat L poraally scceszed firat and succes-
sive 'Prior' records are obtaimed until the de-
gired Cuae is reached, The PS-NAME E{eld in the
Case yecord crozs-cefevepces the FROZ-STATEMENT
vecord aogomoiated with che version of che Prob-
lex—Scaceoent (1F acy) used by che Caae, The
G-I-R.set azrocintes a Case of a Process uith
the Exogegecus Iaputs used (chesze Inputa are by
defindicion the gutpurs of Buna of ocher Pro—
cesaea). The DATE record type znd D-R asc were
introduced to faclilitate retrieval in Terapoose
to quecies dovolviog dates, TFor exaople, tme
wight wish to display yesterday's RUN records

eT purge last Sonth’s processing hixceory.

Ome or more Froblem Stateoents ace gsao—
plated with & Process through the P~P5 aek,
¥ote also thar rhe APL lpstrecticns peinted ke
by C~-EREC-FIR Day centaia editing imstructiomns
eo allow experizentatrion with varlous changes to

a Problen Statesens. The P-I sec ccatedns ona

. o oate IRPUT records. The I-WAR-LIST for

Exogeneous INPUT daca 13 a characker siring pre-
feced by the Madel came (IF from 3 diffareck
oodel) wmd Process name of the Frocess which
generates the data. Array variable masea are
follesied by the avray dicensiouns in parenthescs

_ to allow datz validaticn {see Figuce £).

The F~0 g2t will coften contain eculy one zeo-
ber vecord. Howaver, the set of putput variables
edy be pertiticued for reporcing purposez. Tha
{-E met gasosiages cue or =ore alternative Ha—
pork Definiciony with the variablea liast of the
ownet Tecard of :hg 0ef Goiutrence. & general-
ized report generator AYEEeo eocepts o Teporh
definition iopuc interscrively by rthe user asd
tacodex i as & charmcter etring. This s loaded
ineo the Bata Dicticezry during the Treglseca~
rion' process (see belcow) sod I8 pointed we by
the R-DEF-FIR dstx ltes. Srandardized loput or
output varlable dota displays can bz obtained
aurocatically ec any time without the ascezsity

for =toring a report deflnicion,

5, THE “MDDEL DEFINITION FHASE

Turing t£1s phese che data dictionacy ix
locded with dara representing deflpitdons of all
cogponents of the Hodel., At the saze tizme in~
stances of data records of types 1 through 5 are
logded izto the Daca Base Tireckory and any
uger-deficed fuactlonz and Function Croups arae

.Iczded lato the Funcelen Libzary. The loading

of chiy deta ia acconplished by *reglstiering'
the Hodel, 1te Frocesses, Tunctlon Grouwps, Re-
port Defioiriens and (optiocally} Global Varl-
ables using an imteractive '"RECISTER' fumcrtionm
s putlined below, A DOCUMENT function uses

ACCOCHTING ey -
DEFARTHENT Loy
(HDNTHLYY
| ]
. CONTRI-
ACCOUTCING [ oPrss o BUTICN
PEPARTENT | (POUTHLY) MARGINS _
' MSBEL
) - . 7 gﬁ:?
' s ILE
(WEEELT)
1
cof
PRODUCTION [
DEPARTMENT { PRODUSTION . VXY FREDEEL Y
BLAL {MEEXLYY PROGRAN
Figura 1

Daca Flow for Eoodust Pix Flamning Madel :
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STEF
1
1

| ACCOUNTEME, MOWTHLY CWCLE. FPROCESS READS

© PRCRUCTIOW #IX PROBLEM IS SIDEEZD I¥ IHE

JLOAD PLANSYS

RECISTER 'HCDEL' T
HAME=PRODUCTHIX
FILE=PHIXFILE
BODEL DESCRIPTION:
THIS MODEE IS5 RUN WEEKLY TO PRODUCE A FRO-
PUCTION PLAN FOR THE FOLLOWINC WEEK. THE
EASTIS OF TME MODEL I5 A LIKEAR PRCCHAM
(SEE PRODMIXLF UDEFINITION). FPROCESSES,
EEEPOMSIBILITIES AND DATA FLOWS ARE AS
FOLLOMS ;
1] PROCESS READDATA:

VALUES OF VARTABLES M,N,A,2,P,5 FROM A
MAGNETIC TAPZ AND STORES THEM IN MODEL
DATA FILE.

2} PROCESS CHARGINS:

ACCOWSTING, MONTHLY CYCLE. PROCESS GoM-
FUTES CONTEIZUTION MARCING, C, UNDER SEV—
EFAL OVERHEAS ALLOCATION OPTICNS. Ii-
PUTS: H,P,5. GUTPLTS: ©

3) FPROCESS PLIMITS:

MARXETING, WEELY CYCLE. PROCESS INVOLVES
IRTERACTIVE INPUT OF MAXIMIM DESIRABLE
PRODYCTION QUANTITIES, U, FOR EACH PRO-
DECT BASED 0N WEEXLY SALES IGRECASTS. TN
PUTS: U. OGTPUTS: U

4) TROCESS PRODMINLE:

PRODUCTION, WZEXLY CYCLE. FROCZSS RUNS A
LINEAR PROCRAM IO DETERMINE PRODVCTION
PLAN. INPUTS: M,N,A,B,C,U. OUTPUTS: ¥,
XY

DEFINITIONS OF MODEL WARILABLES:

H=RUMSER OF RESCURCE CONSTEAINDS

K=NUMBER OF PRODUCTS

A=(MeNH) MATRIX OF PRODUCTIVITY
COEFFICIENTS

B=H-FECTOR OF EESCURCE CONSTRAINT LIMITS
P=§-FECTOR DF PRICES OF PRODUCTS

5% VECIOR 0F DIRECT CO3STS

Cv¥-VECTOR OF COMTRIBUTION MARGTVS
Uw¥-VECTGR OF MAXINUM DESIRED FRODUCTICN
QUANTTITIES

¥=$VALUE OF OPTIMAL FPRODUCTION PLAM
A=¥-VECTGE 0F OPTIMAL PROLUCTION QUANTI-

CUTZUT VARTABLE LISIS:
¥ R(E) L Y(H)

REFORT HAMEwPRODRLAN
REFCKT DESCAIPTION:
WEEKLY FRODLCIION PLAN

Figure &
Befinition of WModel and Proceases
(eozputer prespts are onderlived;
user cocmaedd are indenced}

TIES FOR FRoDUCIS

T=M-YECTCR OF SHADOW FRICES
REGISTER 'PACCESS'

HAE=FROMIIZ P

FINCTION CROUP-HATRER. LEGERGER

ERECUTION COMMANT SEQUENCE:

RISLE

FROCESS DESCRIFTION:

TAE QPTIMAL PROCECTICH MIX FOR THE FOLLOW-
THG WEEW I5 FOUND BV A LINEAR PROGRAM.

TEE LPCERGRF I THE MATHFSR WORKSFACE CON-
TAINS A TABLEAT LEXERATOR AND WILL EXECUTE
THE LINEAR FPROGRAM. THE DEFINITION OF THE

CHARACTER MATRIX, PROCHMIKDET, IN THE MODEL
DATA FILE.

TNETT VARIABLE LISTS:

LOAD JEXDG REAIFDAT &M, 5, ALY B {H)
LOAD/ EXDG/ CLARSTING s 0 {N)

LeAD FING/ PLIEITS : DN SL (M)

PEOELD STATEMENT NAMES=PROCMINDEIT
PROBLEM STATERMENT DESCRIFTION:
STANDARD LINEAR PROCRAISMING FURMULATION

thiz data to auvtoo=cically prowide wier— and

progrecmer-level documentactfon of the =odel.

The Model Definicion Fhase will ke £llus-
trated by & sizpla opplication of linear pro-
s:aaaing-to a preduction planniog preblen. The
dats Elowa finvolved are shovn in Figure 3. The
ecdel frselfl Is explained during the Begistra-
tion Process which 1s fllustrated o Flgure §.

In step 1 the Flanning Systea is loaded into che
user's workspace. In scep ¥ rhe Model 1z "regiz-
tared’. Step 3 shows the registration of the
Process, FRODMIZLY, which runs the linear proprad.
Trke LEGERCEF Functlon Group referred to acceplts

& Probles Statecent in the fora of a chacaccer
satrix FRODMIZDEF which defimes the problen in
‘sigra motatfon' foraat (see Figume 5) [12].

*LINEAR FROGCIAM FOR PROGOUCTICN MIX FROBLEM
®

TAR=K(J},J I¥ 1 TR=U N

*

MANEMTZE

5 CEIR(S)
1IN } THRU N
*SUBJECT 16:

FOR I IN I THaU ¥
5 A[I; 7)%{3)=<3[1])
J i 1 THRU ¥

|

FOR J IN 1L THRU &
L{IL{3)

REND

Flgure 5
Froblen Statezenl for PFrocess FRODMINIE
{The sychbol '5' substitutes
for 'T' 1o alpebraic potarica 3

Hore that the Model uges & vaciable, U, Eor the
desired upper lisity for productiom vhereas the
Iinear progzacming uees the warfable L. This dif-
ference ln naoing convencions 18 resolved by the
'equivalencing' phrase U(HIZL{X) ia the Inpur VWarl-
pble Liar for Che PRCDMEXL? Proceps (Figure 4},

A realization of the Dara Bage Dicecbory scheas at

the end pf the Hodel Definirfon Phase 1s shoewm Io
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Figure 6. The four precesses showm in the Flg-
nre ace called REALDATA, CMARCING, PLIMITIS aad
FRODHMIXLFE and hawe beea stored iz the H-F gec

in a fersible execurlion sequence.

6. THE MODEL RUNNING FPEASE

During thisx phase the varieus Processes vith-
in a Hodel are execuzed zcd the cocplefe hiscory
of all the cozputaripas is recorded in racotd
types 7 ctheough 1D of the pchema,

[EIEF SIEF

1. oAD FLAMSYS 9. coreo

2, READTMODEL ‘FRODUCTMEX' FU.‘SCI‘IG“I D3ES MTA FROM PEOCESS HEADDATA-

3. LOADPROCESS "READDATAY LATEST OTRUOr Is:

IO EXECINE PROCESS TYEE: READTAFE FEH=JUNEDATA 06728779 L0U:03 A.M.

4. BOW 'READTAFE' DESCRIFTION=JUXZ UFUATE FROM MALNETIC TAPE
(the previously 'registered” explanaticom oK? ¥
of readtape Is accessed In the dats-4ic- DESIRED ODPTION MELRER=3
ticoary and princed} S5TORE BEASECASET Y

5. READTAFE RAME=TSEARCINDATA
(thiz fomcrcion Tesds the data fros che aag- DESCRIFTION=DATA FACH NOHMAL TPDATE UF
wetie tape acd displays Ttelevant summary PLANNING DATABASE
acacistics ar the vav data Leself) (BASECASE JUWNEMARGINDATA SIORED)

b, STORERAY "JUNEDATA' (CASE TUNEMARGINDATA STORED}
DESCRIFIION=JUNE UFDATE FROM MALNETIC TAPE. {the COMPEC fynctlon oow coputes and dig-
(REM JUMEDATA STORED ©6/2B773) 10:G3 A.M.) plays the contriburion oargiss according

Y. ERASEPEQCESS TREADGATA' ko oprion 3}

&. LOADPROCESE ' CRARCIN' STORE RIN?T Y

- TO EXECUTEZ PROCESS TYTE: COMPD WAME=TUNEZMARGING

DESCRIPTIOR=JUNE MARGTHS COMPUDTED ACCORD-
ING TO DPEICK XO. 3
(RIN TUNEMARGINS STORED O&/2B/73 10:0% A.M.]

10. ERASEPROCESS '[MARGIN'

il. CLOSEDATABASE

Figure 7
Furoing Fhase of Model
(User Com=mmds are Indented, Cozputer Procpre are Toderlined)




Becayse of speca licitations oaly a Few
comoands will ba illustrated, Cootioulog the
previous example, Flgure 7 illust;nte: the com—
puter intsraction of tha Accountiog Departzent
rupoipg processes READDATA and CHARGINS which
use the functions RIADTAFE and COMHPC respec- &,

tively. Tae Placnieg System iz ron in ‘zapual’

wede, l.e. sach proceasx 13 loaded separately

iote che uweer’s workgpace and the associated
funcefon ie executed by the user, Roth fuwic~ 5.
ticas uae Flaoning 5ysten Commpnds {mtermally

to read the data and srore che results for the
Tun.

Figure § shouz the fostances of record
types 7 through 10 after this Iinteractioz. The
follewing Is en explenstion of the steps inm
Figurz 73

1. JYLOAD PLAN3YS loads 'cora’ plsmaiog aystea
functioos aod "opens' the Funcrien Library
file. '

2. EEADTHOLEY. opens the Databaze Directory,
the Data Dictiosary and the FHIXFILE Data
File for the PRODUCTMIX =odel.

3. LOADFEDCESS accesses the Frocess record for
EEADDATA. It uses the FUSCRE Eleld to load

the correct Function Croup Into Che workspace
apd the EXEC-PIR filald tn sccesa and prliot the
execution instruerions for the proceas which
were stoped In the Data Dicclonary. Sioce the
F-1 set i ecpry LOADPICCESS haltz.

The HUW function can be used at any Lize ro
retrieve and priﬁ: previagusly reglstevcd de-
finicicnz and erxplapaclons of the Model, Fro-
pepaes, Function Croups god Clobal Variables.
The READTAPE user Function fasues cosmonds Lo
the cozputer opecater to load che relevant mag-
uekic tape mnd reads the date £nlo the next
evailable "glot” in the Data File uszing Che
"format” givesn ia thke O-VAR-LIST field of the
OUTEUT recocd corresponding to Ehe current
PROCESS record. The Cozponent Nusber in which
the data has been placed {5 svored in a global
weriable for use in any subsequent S5TORE con-
=and. '

The STORERUY prospr asks 4f a RUN record 1a co
be stored io che Tata Base Directory. IThe 81N,
DATA-PTR field getg the value of the Coz
ponent Hesber from the Global Variable of rhe
previgus step. The uwser's desctipeion ig ’
atored as the pext available ceopoment in t&e
Data File apd the asssclated Cozpement Xunber,
in the R-DESCA-FPTR Fizld of the RUN Record.

I-B

- hmma:|1hk"ﬁﬁqﬁﬁm < 13]#|

presami s | SR ¥

et | worms [1]3]

.-r"—-’
o P

TAta FILE

'_*Effua;zxsf 1w-os-01 {7 [2]

%

TALZE STURLY

g b B

wAlLR OF C©

WALCES TOR H M. A.B.P.5
[OFSCALTTLIS OF EEALGATA RANE)
(OAAGINS RASECASE DISCAISTION?
CTREAD d

4.3
TALUES FOR N 7.5 OPTHD
CHARTTNS EASE DLF
CHARCENS LU BESCLIFT IO

CATFTTEN)

Fipurn 8 )

Pectiuos of the "Dece Bexa Dlrectory’ il “Caca Fila
affaczed by the Jusa 3%ch Txesucles af
ehe SEABOMTA and SUARTLH frocanzse

{The pyobol b lodlcacss & pull viltca )




£

The EEASEFRQCESS command clesrs the func-
tioas and gplobal varfaklex related to the
REEADDATA Proceag Irem the workspace.

The CMARGING Function Croup {(COMFC) im
loaded (azep aceap ] sbove), Inm this case
there 1p an Exogencua Input, Mouvever alace
the L-ML field equalas *NOLOAD' rhe LOAD-
FROCESE functlon does not leself read the
dats loko the workspace ax global wari-
ablea—this will be dore during the execu-
tiem of the Functipn COMPC in step 9.

The uger-defined function COMPC is execubed.
Prior to reading cthe iopur daga the Egno-
titm checis that it 1s being tum wader the
"Process' CHARGCING aad that the vegquired
exagenous data were desived by the Process
REEADDATA. Since the user has oot pre-
viously specified the exopensus Cascs to
be vsed the latesc EUN recocd in the {-R
st for REANDATA 15 accessed and the user
Ls asked L1F che data for the Rua with
BAMTs TINEDATA should be used. In rhis case

‘the user rTesponds ip the aEfivmative. If

the nser had said "o’ other RON records

In the current C-R sebt would have been
geceassd {o turn ymtil the desfired version
of the data vaz chtaiced. The functioa then
aszka fer its Owm Input (OPTHD) which iz in-

1. The Fynctlon groups ond global wariasbles for
the CMARCING Procezs ace evazed Erom the
wOTEBpACE,

11. The CLOSEDATA BASE concand closes all Plan-
glng Syzrtem filer for rhe =odel.

Continuing the exsaple the interactions of
ke Marketing Croup and che Producrcion Depavtment
ip zunning the Processes FPLINITS apd PROTHINLE
will be similer to the akove and ate ol shoun
bers., XNote however that these userTs Can Jccess
Ehe BASECASE, CASE, and RUY cecords of previous
gysers prier fto runoiog rheir Processes to engure
that the previous planning steps have been nroperly
exseuted and to read any seseages left by previous
ysars. {Ope way of doing this iz to fssue an
AUDIT ceoc-and which will lise all such recovds
srored In che deta base subsegquent ©o & given date).

To illuscrate the wvze of the CASE tecord type
io the data base scheza suppose that the Markering
Departzent revipes irs foregasts afper the produc-
tion plan is run because of @ new érnﬂotinﬂ &n
produce 3. The walue of U[3], the thicd cozpon-
ent of the lizits wector, Tust be revized upHards
by 1200 units. The inCeraction is a3 follows:

JLOADL PLANSYS )

LOADPEDCESS "PLIMITS -

ETORECASE

KA 00 3PROMOT ION
GIVE BYECUTICH THSTRUCTICS:

put fros the tersimal. Baving Iocated and
read the inguc dacs COMPC then asky the wier
i1f a BASECASE vecerd iz fo be stored apd
the user agaip amswers "ves'. Since cthisz
1a & new Sasecdase a CASE recoard f3 ayfo-
aatically generated and the P-F and B-C s=ts
ate copoected for Process QMARCING.

The AFL Ipstruction io Cozpuneat & of

_the Data File in Figure B L3 gensrated and

stoced autesatically by Ehe syscec. When
executed this fnstruction will retrieve the
Baze Case data frcan Conponent 5. Ao Ehis
£tage the syscem records the sgurse of the
exogencus datz used by chis Teo of :hé;
MARGINS process. This I35 done By coonect-
iog (1o the C~I-3 szet) che WY recozd of the
READDATA Process Cg the CASE vecord just
ectablished for the DVARGINS Process. Afcer
perforoing the compuraticos the functice dis=
plays the resulcs and stotes the corvespond-
ing EWW record and cutput dara az showm.

P[3] + P{1] = 1200
GIVE DESCRISTION:
REVISION TO FiLAN BECAUSE OF PROMDYION OY TRODUCT 3

{CASE FRODIFROMOTION STORED Q&/29/7% 4:035 F.M.)
CLOSEDATABASE

The FROTHMIXLE mest then be vemm. Yore that che

FRODIPROMOTION Case will be automatically selected.

The Pianning Syscem will firsc verrvieve che Jase

Cage and Ioad the data into the workspace. The

APL assigroent command shown abowe will then be

executed.
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