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ABSTHACT

Thin peper develops the denign of 3 dara
base aysreZ Eo support operatioma research
wodels o the coatext of ma iotegrated plan~
Bing saystea lovolwing a ounber of differeac
twers 4xd computer prograca. The requirercots
for such & systza avre descrited, A ‘omtwock'
date base scheza Is developed and the schaza
and cazzand lenguage are 11lustreted chrough

8 apecifir axample.

1. INTRODLCTICH

‘fomputerized planning systess and Sodels
bave been used incyeasiogly in recent years
[11]. However there azve Telatively fev exasples
of tyuly Integraced systems favolwvieg cultiple
corporate departcenty and several lavers of
decigiom-=aking frea the coar dwkailed plan-
ming &t the prodoection level to mave sgpregate
financinl sumaries and zoalyses for Budgec—
ing and stratepgic d:citinnﬁaaking. Much re-
peareh has besn concerned wich the complexity
of such systeng and the ways io which cozpucers
e¢an provide information zcd analyeic suppart ca

‘the decislcn-cakers. The geasrsl requivesents

for a dscision suppert ayste= [B35) Lkave been
ciitlioed {u [1], [2] sud [9]. Io chis paper we
dezeribe hov data base mandgecent aystem Cech-
aigues cem be used Co keep tvack of the cozplex
tnforcation flows betwesn different decision-
making goits apd cozpurcer prograss. The oblec~
tives are: {1} o incremse the Integrity of the
planping process by aszuring that Che correct

' Inputs wra used by the varioos cowpuber progrtazs

and by providiop an tacdit trail’ and {2} eo

#1d the vsers by fecilicating data retrieval and
processing aud by providivg az envirensent in
which ir 13 =a3y to test and keep track of rhe
affects of different model assunptinps and dats
valuea durlag sepeltivity analyses.

The advaotsges of Tats Base Macagesent Syg-"
rexs (DBMS) 1z gsduring data Integrity and sec-
eriry, teducing data rtedundagcy, dxintaicing
pultiple relatipnehips betwsen data izezs and
providing the btasis for powerful retvieval lac-
fuages are well-dogy=eaced [10]. Yo date appii-
caticas have beez priztarily io as Informaticn
vetrieval ur data processing emviroazent., Tha
"daca baze approach' Ie To design the logical
acructure (scheca} for the data to allew fer
the eatinated daca regquizesents of differsoc
ufers gnd progrems.  For wodelfing and plaaaiag
syatens chis cight sppear T¢ be 8 dffflculs rask
sipce the dara relatioazehips to be msipcaloed
differ frem zodel to codel zud 1o the coatext

f any pae model are often ascercained only

" through extepsive experimencatinp aiced at fisd-

ing the meet izportant warishles lffeﬁ:iﬂg the
shjeccive of interes:i. What I3 ceeded here iz
a retrieval lengoege and dara bese systez vhich
i¥ capabtle of dypanically trassforming logileal
data szrustures £o the needs of a particular
oodel at a patticular tizme. 23y leoglcal struc-
fores we mman the data baﬁe "seheaa” (syste=
adpiciscratore wiew) and zore pa-ticulacly the
class of 'eubschesas’ (prograsmer's views) which
can be derived from the schema. A =mapping lon-
guage For t i-‘pnrpaée kas been outliped in [4).

In thia paper we concencrate wa a different

aspret of the usw of DEMY cechnology to suppert
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deginioo-pek{pg—nometly ita use ta help mensge
the dets flows aod sodele during {:euiuﬂtr
analyses in both the sizulatico aod produseicem
use of & plawnisg system, The ccaputer pro-
gress cheouelves ate repreaented by record
oteyrrences Io the data Lage which can be 7o
trisved oud executed by high level co=sands.
Wa deacyibe & achesa ba=ed on the CODASYL Daca
Beme Task Croup (DBTC) "netwonrik' approach [5]
whick i3 oot probléc-gpecific aod can he used
in & wvide varfety of spplicariors. ERelated
work appearn in [3}. The present paper is an
witeasizn and illustration of previous vork e
this sublect [13].

2. ERERITREMENTS FOR A COMPTTERIZED D55

Some of the probless which cust he faced
in the comatyucticn of an Incegrared plmaniag
£E¥RLeD are;

.
{1} The vcecedgsiry to treansform data into the
speeific format required by a parricular safr-
wure package Or coapuler prograd.
(2) Difficulries {3 &ata maming comventicos
vhen different prograas and peckages ara co he
coordinated.
{3} The fmcr thar the plaoming systex ocight re—
quire adltermative zoppinga of che sa=e dara ip-
puts inte (Jiffereat values of) the st cotpat
variables. Comwon exampiles occur when the
plennfog aysten fs 2o be capable of testing ocur-
comea quder differwat deprzclation or loventary
whoggezent Tethodsa.
(6] The neceszity to coordinkte a lazge o=
bar of programs which intetact with rach orker
through thelr fopurs and outputa a=d =yst be
executed in certain zequéncey Lo ensure valid
Yesylea.
(5} A coxplex deta dioteprity probles must be
solved in that data redmdancy Ifs a desired mora
rather than scmething to be avedded, The plan—
ting aysteo ahould be capeble of generatiog and
aniptafning alreroative waluea of outpot wavi-
#blies at each of zeveral stages and levels of
the planning process. It sbouwld be possible
snd siople to trace, display amd, If oecessary,
£djust the cazire history of program runz,
assuxapiions and data values which vederly amy
wtput, Thia iz uwseful, for ezample, fin 1tera-

tive budgeting procecsea fovolving negotlatlon
kerween corporate divielons and beadquartors.
{6} Bacouse mazy uzers zay he iovolved in che
Plapning process adequakts Arcuticy oessures
muat be provided. Many uszera will heve ves-
tricted Tighea to 'm:éus acd modify data and’
tn initliste progran Tuns.

{7) Eacauvse plamnisg eyscece cust be capable
of eyolutics imd extension they should be builc
i a codular manner snd easy to codify aad
=aintain. )

(8} Adequate programmer aod user documentaticm
sbould b availakle.

(5) Sioce zany 1.'.;:21:5. will ke fgwalved with
differing levels of proguazoing expertize the
ce—mamd languzgze mnst be sazlly underetandable
and forglving of mistakes. Users should Feel
'comfortable’ with the systea fn rhe sense thac
they know where the} ara at all scages and can
bhave confidence that cke dats gupplied them iz
up-té—date aad correer, I3 this commection
the plamning systes should facilitare the com-
=mication process 6o that s given user can
eagily deternine the relevent actiems of other

asera—a forg of electroaie =ail.

In tke following seccion we ourline the
deaign of & systen which atteopts to mest Toay
sl these tequirezents,

3. BATECTIAND AT TEEMTNOLOGCT

The date base desipga will be f1Tuscrated
oeing the netwotk spproach [5] prioarily be-

-cknae such rystess are zote feadily svafilable

cemercizlly. An equivalent systeo deaign could
Teadily e implecented in s hierscchical [B]
or relational [6] DEMST.

In the oeowork appreech the scheca or logl-
cel deacxipticn pf the dara icveivea dara irees,
record types apd ser Cypes, A data item Is the
smallesr unir pf Jdata vhich hay a ceaning. Scb-
mets of data ire=mt can be associated vith each
other by specifylng rhar chey belomg Co the
samg record type. Record cypes ara fa furm re-
lated to ench erher wia the "set' construct
which ecnsiitules 3 ope-to-oany relatioachly
betwero 4u "ovzer' record type and 4 Tmezhber!
record fype. These constructs are sufflcienc

to repressnt data relariooships of achitracy



coeplexity (Bee the grophical veprementation of
the preposed dare base schezs in Flgure 2). AT
any tiae the stored datobase {or 'Tesllzation')
ef the schetta will conslst of en arbitrary ous-
bher af "instences” of esch record-Type corgea~
pondicg ta the values azsumed by the data {gezs
(aee Flgures & and 3}, After the scheca has
been dezigmed and che dace loaded, reerieval
according to the DBTC specificarion involves

the U:E ¢f » data mapi{pularion lenguage [DML}.
The DML gives the user the abllicy to traverse
the data base netwsrk In o recocd-hy-record =man-
ver. Sdioce this i a Sairly "low level’ lan-
guage, unsultable for non-experf users, the pro—
poged command langeage will contala sany "pre-

progrémed’ retrisval prograzs,

The plannicg sysCem s beiog doplecented
in eke AFL propra=aing language waing the TOBS
Daca Base Mapagecenr Systea, [7]. The scheza
ir described uslng a 'Data Definicien Language’
(DL}, & partisl definitfon of the proposed '
achems using the EDES DDL 1s illuszktrated 1o
Figure 1.

In rhe f=plecentarion advantage has beesn
taken of some of the featurss avallable fo AFL
wvhich ere por duplicared ia other langpuages:

{1) The lLaopuage possess an 'Execule' operator
which éllows the constructien of comeeds aw
tharactey strings shich can sﬁbsequently be exe-
cuted, Using thisz feature character catrices
coamfncing of sequences of coxzands to open and
ekl filea and execute prograss (CSfunctiona' In
AFL) can be atored inm the databass and retrieved
and executéd as Tequized.

(2} Puncclons caa be converted ta characker
=arrices, stored io the daca baee eyzten in

this fora acd subsejuently retvieved. A '"group'
of surh funciicns caz be stored and tecTieved
ip  simflar manner. In the following 'Func-
tion Croup” will Be equivalest to & progras
{with its "zain’ azd sub-prograss} in enother
progra==iog language.

(3) Data arrays of ony dicensicon can be atored
as ‘rocpocents! of a zandem access file., Fuz-
thermore it 1= & sicple motier to encode chac-
#cter and mumeric arrays inte a character steing

which can be stored w3 & single file cosponent.

The above cepabllitics of APL hawve been
wsed to sinplify Lh; dealgn ond will sisplify
the exposition uhich follows. Howswver the lagi-
cal design could ba iapienented in ather pro-

gramoing laeagusges with oaly miner changes.

3efore describing the scheea apd the pro-
¢enslng eocsanda which operate oa the dartsbase
1t i» pecessary to define some of the tercs we

will be using. A "Planning Svstem' coniizts of

& neaber of Mpdela. Zach Model In turn corsists
of g nuaber 9f Processes, A Procesds involves
the use of & Function Grocp in the contaxt of a
=odel., A Functiono Gooup (™ progras) execuces

a eequence of operations on the data snd repre-
gepte & cozputational step. A Fumertloa Group
may consist of ene or more cocperating APL func—
tignz, A Process 1s associsted with ooly coe
Fusctlon Crouvp however the zame Functblon Creup
oay Be used {n a aczhber of different Proccsses
in the saze or diffarent medels. The gpecifi-
catlon for s Process includes a definitien of
the sovirenzent ia which its assuéiated Fuynction
Group i3 co operace facleding crne naoing of fis
1nqytu acd putputs (with renzoiog of variable?
where necessacy)——see Fleurs 4, Thus a4 Fuae-
tlon Group oight execute a limear programoing
algoritha and aight be used 2y a Process dm both
4 production plarning Model ozd & cash nonage-
zeokt Hedel.

To valotaio data Integricy and co ensuce
that all inpucs which affece che results of a
Frotess are recorded all daca’is srozed on
dicece access Efles unless erased by the user.
Thiz Includes deta entered in respomee to pro—
grao prozpts 1f that data sffects the values of
gutput varfablea. Tt ia necessary o distingulzh
between diffecent kipnds of deca lopucs co Pro-

cesces, 'Exoeonous Input' En a Process I3 data

preavicusly cutput by another process. Since

all data catry fuoctions (e.g. loading of daca
from A sagonerlc tape) are performed by Fra-
cesaes aloost all data i exogenous. The oost
1=porcant exception to chizr oecurs with pre-
cesaes accepoing oo~lice input fvom users.. Such
dute s referred Lo a9 'Dwn Topur.'

A nusber of algorithoe [(includiog corvpor-

ate planning si=ulstion packages} operate by
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iaterpretiog a loglcal upe:ificatinn of rha users
problam. OFtez daca values {pEroseters) are lo-
bedded in this leglical statezeni fiowever L1t is
beccer pracklce for zamy reasons re sake tha
logical atatement as icdepecdect as possible of
the data by expreszing paraseters 2x variables.
Ta erphasiza this and ro iocreaswm the self-
documentiog capsbhllities af the sysces this form
of "foput' to algerichsxs is trested. seperntely

aod 1z referved to as 'Probles Statenent,’

Duriog the execurien phess of a Hodel the
dartw fopucs eed outputs of eech PFrocess Zve Te-
corded In the data base. The initial set of data
for & Frocess will b2 refersed fo colleccively
ax 3 Baxe Cxze. An adfustoent of the values of
& Bape Caze for senaicivicy tescing or nther pur-
potes i{s a Case. To save data storage a Case is
represented only by the APL lestructicns which
transform values of rhe Zame Came data., & Fuym
in tbe vecord of & computation perforced for a
specifle Cise of 2 Frocess., Thete 1a a 1:1 énr-

raspondence betwesn a Bun and ity assoclaped out-,

put deca.

4. A DATA BASE SCREMA FOR DECISICH SUPPORT

The dactabaee degign iacloudes four AFL filss.
The Para Dierienazy File contalns definizicoma
of: (1) the Models, (i} the Froceszses dnclud-
ing their Iopur and cutput varlsvles sod Probleo
Statecent definitions amd (3) the Report Defini-

tions (forsata)} for output wariables. The Dara

Base Ditectory =ainteions the lopical telatiom—
shipa berveen Hodels, Frocesses and the Ezew—
cases, Casey and Runs vhich copstitute the ooz
putational history of each Process., The tem
"Directory' is used becauge rhe data base
records prizarily cootaln "poiaters™ to the

Data Dicelenary and Hedel Data Files in which
the dara values thesselves are stored. The Bata
Flle for a Model contzins the aceoal Input.acd
output data values and characcer mabtrices das-
¢cribing che aature and purpose of sach Basecaawe,
Cese and Fum. The Tupctics Lidrary contains the
code for all functions used by che Flannioz Sys-
tez; eicher individoal fumcrions or cozplets
Fupctloa CGroups cay be accesszed, All functionx
Tuat be registered in the Tuzctloo Librvary be=

fora they can be used by & Process. This pro—

cera af vegisrraticn also eoforces progrozoer
dosuzencation. The Functloa Libkraty 1z part of
enather 'systea development' ayates azd w111 pot

be further described hera.

Figure 1 below showy part of the scheaa de-
Eloition for che Data Base Directory im che DDL
of EDBS while Flpure 2 zives a graphical repra-

seprztica of the acheza.

DATA BASE PLANSTS NEIWORK

RECGRD HODEL

DATA-ITEM MHAME STRIRG{10) :KET
DATA-ITEM FPHAME STRING{G)
DATA-ITEY M-DESCR-FTR NLMERICLD,O)
N0

EECORD BASECAZE

» L] »

SET M-F

OWHNER I5 MODEIL
MEMEZR IS5 PROCESRS
)

SET P-B

Fizurae 1
Pare of Schema Definition

Toderlined daces iten naces In Flgure 2 are
record 'keya' consisting ef user—give; nameg

for the record {nazacces. The sufff{z "PIR' 1a-
dicates thae the data fres iz a "poiarer’ (valee
of a compopent acther fn snother file). Daza
1itez nazes eading with 'DESCR-FIR' are poiaters
to user-givea charvacker matvices deseribliog che
gssociated record insrance. The meanings of

the other data items are:

MPEL  FMAME - pame of wmadsl Data Flle

PROCESS . FUNGSF -~ mame of AFL workspace naze of
Function Group

FROCISS.EIEC-FTR ~ poincer ta chacaccer zatrix
represecting the sequence of APL cemgandy
vequired to execute the Functlen Grouz.

CASE.C-EXEC,.PTIR - pelnter to charactor =atrix
glving the APL coacasmds represeéating the
changes o the Bapecaze assoclated with
this pazticular Case.

CASE.F5-NAME -~ the PSUAME of the Problea Sbace-
ek associated with this Case.

ROM.DATA-FIR - polncer to the data cutput fres
the Ruyn.

PROB-STATEMENT.F5-FTR - poincer to the chaz-
acter matrix containing the Froblea State-
SRk,



FROR-5TATEMERT.L-NL = a kinary variable indicag-
ing whether or ot the Planning Syatexz ia
to auceearically read che Pzobleo Scate-
sent foto the user's wvorkapace. If aoc
this will be dore umder progres contiol.

FUT.L-NL - binacy varfsble indicating vhether
orf oot the Planniag System is te autozati-
caliy Load the input data inco che wuser
workspace. If not then she data will bae
yead uader prograb coutiol.

DNPUT.0-EX = blpary varisble Imdicating that the
input veriablesx are "Dwm' or 'Exogenous’,

INFIY . I-VAR-LIST - naze of sodel . pase of Froe
cean!  1lfac of the Lloput vatiable asces
- folloved by their diseosloas in pareathesea
(ace Flgure 6},

OoTPuT . O-Y¥AR-LIST - liat of cutput varfables and
dimenpnicon.

REPOET-DEF.A-DEF-PFTR - podncer ro the chavacter
etrieg =ncoding of cthe repore format C(head-
inga, lobels, etc.),

The pointers ia the vecasds 1 th-ough € in

Figure 2 pofnt to the Dzta Dictfogary Flle.

Thean records are stored durfng che Model Defini-

tien Phage. Regoprds 7 through 10 record the “his-
tory of procasaiog apd thelr pointers point'tu
the Model Data File. Theee records are stored
during the Model Hunnlng Phase.

The Plannipg Systea ia designed to facili-
tate avtozated ruaning of all or some of the Pro-
cegses withio & ¥odel ar che Option of che user.
The FROCESS racords within the ¥-F ser are stored
io cheir "ostural’ precedence order (the Firs:
recazd in the ser ix the fipst process to be
Tua, etz.} The Flanning Systea has the infor-
mation te ensure thiz f{zee Secetion 5). The
tecords in the P-B end BE-C seks are calntained
by cke Flaoning Syrcea fn LIFQ ovder umder che
eszsu=ption thet the latest Easecasze acd Caxa are
the Sost likely to be uzed, If thie iz not the
caze cthe uter can iedicate the parcicular Base—
cages amv] Cases o ke used prior to tunalop the

¥odel (or any valid subgsequence of Frocezses).

The varlous Cazes telate the input acd oue-
put data generated dutlog senzitivicy snﬁlyses.
The C-IXEC-PIR for the Ilast CASE record io the
B~ ser (which 1= loaded ar the same tize aa {rs
associated BASECASE recovd) actually points to a
charecrar marriz of APL inscructions which loadsz
the entire smet of data for tfhe BaASDCASE. The
C-EXEC-FTR"s for other CASE records polor to

F:’_ 1. ¥CCEL
) [roee | mﬁ[ M-DESCR-PTR |
H-P .
Z. FRILESS 3. PRQR-STATEMENT
EEE D | P-oescz-zmm E-Flpt psting | L-4L.| PS-DESCR-PTR fes- 7rv|
F :
p-I 4. IMPUT |
Tointezy £o Data r-0 LN [ O-LX l Iw?hRfLISII
Dictianzry
Fo] [] 5
Foloters to Tats File b b
\ | owaust |
7. BASECASE. ¥ H 3
rme_! B-DESCY: rn.! 1 -k
: - ~21
i &. REPORT.DEF q: .
- - - +FIR
. L REZRAME | REP-DESCR r:z[ R-DEf J
3. CASE
| cwee c-r.xsc-m[ c-nsscawm{ PS-RAE | coaverrions ;
4 1} Each box cortespodds Co &
c-I-k c-a racozd CYpe
DATE ) Th =w of cha cecord Type
,-‘ | ) :h-u:;.:::n ouralide the box
|EEIE 1) Data Lten fases zoe VTLICDEn
i within the box
- 4} Serm ara represenced By SCTOVE
10, EOX 3 + . o
[EE&EE e IHFDES:&"PrRt Dﬁtﬁ-rrni 5) Ser na=es are writzen benida
o ke ATTOWSE
Fipurs 2
Schezy for Plunning Data Zase Dlreccory
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cheracter matrices of che APL iosrructions which
convert tha original Basecase data valuss to
thoas for the Cage., Thus che lssh rececd fo the
B~ sat Ls poraally scceszed first and mucces-
sive ‘'Prior' recprds are cbtaiped until the de-
#ired Caae is ceached, The PS-NAME E{eld in the
Case xecord cross-cefetences the PROZ~GTATEMENT
tecord aoeociated with Che version of che Prob-
les—Scatenent {1f any) used by che Case. The
C-I-% set assoclates a Case of a Process with
the Exogeneouys Tupuis used (chese Inputa are by
definicion the wutpurs of Buna of ocher Pro-
cesnes), The DATE trecord type znd D-R sec were
intreduced to facllivate retriaval In response
to gqueries dovolviog dates. For exazsple, one
wmight wish to display yesterday's RUN records

oT purge last 2onth’s processing hizcory.

Ome or more Problem Statecencs are gsao—
prlated with & Process through the F-FS aek,
Horte alsc thzt the APL lesttecticns polnted Fn
by C-EXEC-PIR Day contaia editing imscructioms
to allow expericentation with various changes to

a Problen Statesent. The P-I sec ccatelns onm

. oY pote TRPUT records. The T-¥AR-LIST for

Expgenecus INFUT datz 13 3 charscker siring pre-
fuced by the Model came (1f from 3 differenk
oodel) wmd Process name of the Frocess which
geaerates the data. Array variasble nazea are

followed by the array dicepsioos in parenthescs

 to allow datz valldstion {see Figure £).

The P-0 set will often contain vuly one zeo-
ber record. Howdvyer, bthke smt of outpat variakles
edy be partiticoed for reporcing purposez. The
{-E met aasosiaCes cue of sore alternative Ha—
port Definitions with the variabls list of the
ownetr Tecard of thg gef ooculIence. A general-
ized report generator aystem egcepbs o TepoTth
definltion loput latersctively by Che user snd
eacodes ir as a character string. This 13 loaded
ines the [Gara DMetdorary duting the 'zeglsera-
tion" pracess (see below) sad {9 painted co by
the R-DEF-FIR dstg Lltes. Srandardized iopur or
output varlable data displays cam he obtiined
aprozatfcally cc any tize withouf the aecezgily

for scoring a reporc definicion.

3, THE “ODEL DEFINITION FHASE

During tﬁis phese the data dictionacy ix
loaded Hi:h dapa representing Jeflpitioms of all
cocponents of tha Hedel., AT che esaze bioe in-—
sczncas ¢f daca racords of types } through 5 are
logded lzto the Dara Base Divectory aod any
ugar-defined Emuctlons aed Function Croups are

lozded Inte the Functiem Library. The loading

of chis deta fa accomplished by ‘registering’
the Model, lte Fropcesses, Tumctlon Growps, Re-
port Defioiriens and {opticcally} Glotal Vairi-
ablax using an Iateractive 'RECISTER' function
as outlined below, A DOCUMENT functlion uses

H 4 ABFPS

ACCOTHTTNG BEAT
TEFARTHENT fATA
(RONTHLY)
r
: CONTRI-
ATCOURTING [ oFTS0 o BUTICH
REPARDIENT | (UOTHLY) HARGIHS _
' MODEL
FPROpLCT IO | ’
o e
(WEEFLT)
1
P
PRODUCT ION [
DEPARDENT | PRODUGTICN o VXY R
P (MEENLY) PROGRAR

1

Figura
Taca Flow for Produst Bix Blamming Medel P
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STEF
1
2

©AGCOUNTEMG, MONTHLY €YCLE. FPROCESS READS

JLOAD PLANSYS

EECISTER 'MCDEL' "
MAME=FRGOUCTHIX
FILE=FHIXFILE
HODEL DISCRIFPTION:
THIS MODEE IS RUM WEEKLY TD PRODUCE A PRO-
PUSTION PLAN FOR THE FOLLOWING WEEK. THE
EASIS OF TME MOQDEL IS A LINEAR PROCEAM
(S5EE PRODMIXLP DEFENITION). TFROCESSES,
RESPONSIBILITIES AtD DATA TLOWS ARL AS
FOLLOMS:
1] PROCESS READDATA:

VALUES OF VARIABLES N.N,A,5,P,5 FROM A
MACNETIC TAPZ AND STORES THEM IN MODEL
DATA FILE.

2) FPROCESS CHARGINS:

ACCOWSTIWG, ONTHLY CYCLE. PROCESS COM-
FUTES CONTEIZUTION MARCING, [, UNDER SEV-
ERAL OVERHEAD ALLOCATION OFFICNS. In-
PUTS: H,F,5. GUTPLTS: ©

3 FROCESS PLINITS:

MARMETING, WEENLY [YCLE. PROCESS INVOLVES
IRTERACTIVE INPUT DF MAXIMIY{ DESIRABLE
PRODUCTION QUANTITIES, U, FOR EACH PRO-
DECT BASED ON WEEKLY SALES FOGRECASTS. TN
PUTS: U. OGTPUTS: U

4) TROGESS PRODMINLE:

PRODUCTION, WEEXLY CYCLE. EROCZSS RUNS A
LINEAR PROCRAM TO DETERMINE PRODVCTION
PLAN. INPUTS: M,N,A.B,C,U. OUTPUTS: ¥,
LY

DEFIMITIONS OF MODEL VARLABLES:

H=RUMSER OF RESCURCE CONSTREAINDS
F=NTMBER OF PRODUCTS

A=(M*N) MATRIX OF PRODUCTIVITY
QOESFICIENTS

B=H-FECTOR OF REESCURCE CONSTRAINT LIMITS
P=§-FECTOR OF PRICES OF PRODUCTS
Se%-VECIOR OF DIRECT COSTS

Cv¥-VECTOR OF COMTRIBUTION MARGINS
U~¥-VECTGR OF MAXINMIM BESIRED FRCDUCTICN
QUANTTTIES

¥=$VALUE OF OPTIMAL PRODUCTION PLAN
A=X-VECTGE 0F OPTIMAL PROLUCTION (UANTI-

CUTPLM VARTABLE LISIS:
VLX) Y {H)

REFORT NAME=PRODRLAN
REFCHT DESCRLPTION:
WEEKLY PRODUCTION PLAN

Figure &
Befinition of Hodel and Procrases
(cozputer preepts are onderlioed;
user ¢ocmacda are indenced}

TIES FOR FAOGDUCIS

T=M-TECTCR OF SHADOW FRICES
REGISTER 'PROCESS'

HAE=FRODMIILE

FUSCTION CROUPWMATRER. LEGERGER

EXECUTION COMMAND SEGUENCE:

RISLE

FROCESS BESCRIFTION:

TAE OFTIMAL PROCECTICH MIX FOR YTHE FOLLOW-
THG WEEX IS FOUND 237V A LINEAR PROGRAM.

TEE LPCESGRF TN THE MATHFAR WORKSPACE QGW-
TAISS A TABLEAT CEXERATOR AND WILL EXECUTE
THE LINEAR PROSHAM. THE DEFINITION OF THE

* PROPUCT IO MIX PROBLEM IS SIDRED I¥ IHE

CHARALTER MATRIX, PROCMIXKDEF, IM THE MODEL
DATA FILE.

INFOT VARTABLE LISTS:
LOADFEXDG ] BEAIDAT &M, M, A (e} B (M)
LOAD/ EXQG/CIARSTNS ( C{N)

LeAn EI0G  PLINITS : DO SLOM)

PROBLEM STATTMENT RAMZS=PROCMIXDEF
PROELEN STATENENT UESCRIFTION:
STASDARD LINEAR PROCGRAMMING FURFULATION

this dats to avtco=eically provide wier— and

progracmer-level documentaction of the =odel.

The Eodel Definition Phase will ke fllus-
trated by a zizpla applicetion of linear pro-
g:aing-to a preduction planniog problen. The
dats [lowa fnvolved are shovnm in Figure 1. The
eodel frselfl is explained duriog the Begistra-
tion Process which 1z fllustrated im Flgure §.

In step 1 the Flenning Systea is Loaded into che
user's workspace. Io scep 2 CLhe Model iz 'regisz-
tered’. Step 3 shows the registration of the
Progess, FRODMIDLY, which runs the lipear profrad.
The LBGESCEF Functien Groaup referre-d Lo aggepls

& Probles Statezent in the fora of a chavacter
satrix FPRODMIXDEF which defimes the problen in
'aigha potatfom’ foraat {see Flgure 5) [12].

*LINEAR PROCEAM FOR PRODUCTICH MIX FROBLEM
L]

TAR=R(J},J I¥ 1 Th=U N

*

MAXEMTZE
5 CfIIR(S)

JIN i CTHAU N
*SURTECT TO:

FOR I I I THRU ¥
5 A[L;J1%(3)23[1)
J iy 1 THRU

&

FOR J IN 1 TH3D A
X{I}<L{T]

REXD

Flgure 5
Problen Statezenr for Trocess FRODMINIY
{The syobol '5' substitutes
for "I' io algebraic notarica }

Note that the Model uses & vaciable, ¥, For the
desired upper lizity for production whercas the
linear progzazming uses Che wvarfable L. This dff-
fereace lo naning convenciona 18 resclved by the
"gquivslancing' phrase UCHIZL(H) ia the Input Varl-
sble Liat for che PRODMINLE Poocers {Flgure &),

A rralization of the Dara Sase Dicectotry scheas at

the end of the Hedel Defimirion Phase s szhowm in
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Figure b.

The four processes chowm in the Flg-

uxe are called REALDATA, CMARCINS, PLIMITS sod
PRODMINLE and have beea stored in the H-F gec

in a fersible exscurion sequence.

6. THE MODEL RUNNING FEASE

During this phage the varicus Processes with-

in a Hodel are execuzed zod the cocplefe hiscory

of all the conputaricas is recorded in recotd

types 7 thyough 1D of the pchema,

[EIEF STER

1. YLOAD PLAMSYS 9. coree

2. READTHODEL ' PRODUCTMEX' FIRCTION CSES DATA FROM PROCESS HEADDATA-

3. LOADFEQCESS 'READDATA' LATEST OTLFUT I5:

IO EXICINE PROCESS TYFE: READTAPE REH=JUMEDATA, D6 /2879 10:03 AM.

4. BOW "READTAFE' DESCRIFTICH=JUNE UFOATE FROM MALNETIC TAPE
(the previously 'registered” sxplanation oKt ¥
of readtape Is accesyed In the dats-dic- DESIRED OPTIOY WILEER=3
ticnary and priored} 5T0ZE BASECASET Y

5. READTAFE HAME=TISEMARCINDATA
(chis foncrioa tesds the daty fros che wag- DESCRIFTION=DATA TRCM NCHMAL UPDATE OF
wetie tape acd displays Televeot summary FlayInG DATABASE
acaciatics or the vav data Leself) (BASECASE JUNTMARGINDATA SIOZED)

6. STORERIN "JUNEDATA' (CASE TUNTMARGINDATA STORED}
DESCRIFTION=JUNE UPDATE FROM MALNETIC TAPE, {the CUMPEC functlon oow cooputes and dig-
(RUM JUMEDATA STORED O6/2BF73) 10:G3 A.M.) rlays the contriburion Sargliay according

r. EFASEPEQCESS TREADDATA' ta option 3}

&. LOADPROCESE ' CMARCIN' SIORE RIN? Y

- TO EIECUTZ PROCESS TITE: COMPC WAME=TUNZMARGING
DESCRIPTION-JUNE MARCING COMPOTED ACCORD-
ING TO OPEICN XO. 3
(RN TUNEMARGINS STORED O6/2B/79 10:08 A.H.3
10. ERASEPROCESS "{MARGIN'
il. CLOSEDATABASE
Figure 7

Famoing Fhaze of Model
(User Co=—mmmds are Indented, Corpurer Frocpre are Taderlincd)




Breenyse of zpeca licitations oaly a Few
comands will ba illuscrsted, Cootinulog the
previous exaople, Figure 7 illus:;ite: the coo—
puter intsraction of tha Arcouncing Depattzent
tunaiog proceasss READDATA and CMARGINS which

use the functicns BREADTAPE and COMPC raspec- 4.
tively. Tae Plaoniag System iz ton in "zacual’®

trede, d.e. sach proceasx is loaded separately

iote che ussr’s vorkspsce and the associated

funcefon ig executed by the wser, BRoth fumc- 5.

kicas uze Flaoning 5ysten Co=mands Intarmally
to read the data and store che results for the
Tun.

Figure § shows the fpstances of record
types 7 through 10 after this Interaction. The
fellowing I3 sn explenction of the steps in
Figurs 73

1. JLOAD PLANSYS loads "cors' plamniog systea
functions aoad "opens' the Funcrion Library
file, *

2. EEADYMOLEL opens the Database Directory,
the Data Dictiocaary and the FPHIXFILE Data
File for the PRODUCIMIX =odel.

3. LOADFEDCESS accesses the Frocesa record for
EEADDATA. 1t uses the FUSLRE Eleld to load

the cotrect Funecion Crovp Into che workspace
apd the EXEC-PIR fis}d to swccesa and prict che
execution instrucciens for the proceas vhich
were stoped In the Data Dicclonary. Since the
P-1 set ig ecpry LOADPECCESS haltsz.

The HOW fmct.‘.nn_can be used at any Lize ro
retrieve and print previcusly reglistercd de-
Finitfionzs and explecaclons of the Hodel, Fro-
pepaes, Function Croups aod GClobal Vaciables.
The READTARE user Eunction fasues cosmonds to
the cozputer sperater to load che reloevank mag-—
uekic tape mnd veads the date fnTo the next
available 'slot’ fn the Data File using the
'format® glvea 1o the O-VAR-LIST £ield of the
QOUTEUT record correspondling to Ehe current
PROCESS record. The Corponent Nusber in which
the data has been placed {5 svored in a global
wetiakle for use in any subsequent 5TORE con-
wand. '

The STORERUY pros=pr asks if a BOW record 13 o
be mtored In the Data Bage Dicectory. The RINM.
DATA-PTR field getg the value of the Coz—
ponent Hocher from the Global Variable of che
prewicus step. The uwser's descripeion is ’
atored as the next available ceopomeat in t&e
Data File acd the assaclated Compement Nunber,
in the R-DESCR-FTR field of the BUN Record.

. faamoatn ] 2 |3 |9~~~ Jowasus] <1 s]¢|

T ' ATE

’F?nmnT 13-03-2% | :Fr

TATA FILE

c-x
1

@ma:ﬁf w-es-0L |7 (87

TALZE STURED

TREAD F5.3°
?MSFE!H?S

e b

Tl OF ©

Figura
Peotiocs of the "bace Mixa Dlrectory” oxd h:- Fila'
affaceed by che Jusy 2%¢4 Laxesucies af
cha KEADDATA and CAARTLH frocansse

Ths syobol b indlcacas & oull vitca )

IUESCALCTIS OF READKIATA RANE)
(ARG INE RASECASE DYSCATFTIONT

CAETTHS CASE usci’trnw
CHARS IS LY GESCRIFTION)




7.

The ERASEPROCESS com=and clezrs the Lunc-
tions and global varfablex related to the
BREADDATA Proceas from the workepace.

The CMARGINS Fuaction Croup {(COHEC) im
loaded (azee aceap ] sbove), In this case
there 1p an Exogencua ITnput., Mevever alace
the L-YL fleld equals *NOLOAD' the LOAD-
FROCESE functlon dees not leself read the
datg loko the workspace a3 global vaci-
ablen—this will be dore during the execu-
tiem of the function COMPC in 3tep 3,

The user-defined functloca CMPC L3 sxecuted.
Erier te reading the ioput daca che Egre-
titm checis that it ls belng tum wader the
"Process' CHARGCING aad that the vegquired
exogeaous data were derived by the Process
EEADDATA. Since the user has nok pre-
viously specified the exopensus Cascs to
be vesed the lateec EUN recocd Iin the {-R
#at for FEADDATA 1 accessed and the user
Le agkad LF che dats for the Zum with
SAMZe TINEDATA should be used. Im this casze

the user responds Ip the aEfivmative. If

the nser had 3zid "pa’ other RON records

In the current C-R zebt would have been
gccesssd do turn ymcil the desfred version
of the data vas chiaiced. The functioa then
aska fer its 0w Input (OPTHD) which 4z In-

19. The Fynctlezn groups ond global wariosbles for
the CMARCING Procezs ace evazed Eroa the
woTkepace,

11, The CLOSEDATA BASE concand closes all Plan-
plng Syzrtezm filex for rhe =odel.

Continuing the exsople the interactions of
tha Marketing Croup and che Produrcion Depavtment
ip running the Processes PLINITS apd FROTHIMLE
will e similer to the skove and Are pobt shoun
bere. XNote however that these osers Can ICCe3E
Ehe BASECASE, CASE, and RN eeeords of previous
gxers prior toe runniog their Progesses Lo enzure
that the previous planaing skteps have heea properly
executed and £o resd any sessages left by previous
ysars. {Ope way of doing this fx to fssue an
AUDIT cocand which will lise all such recovds
srored In che deta base subsequent o & given date}.

To illusctTate the use of the CASE Tecotd type
in the data base schexa suppose that the Marketing
Departzent revigpes irs foregasts afper the produc-
tion plan iz run boecause ¢f 3 new érnﬂotinﬂ &n
produce 3. The value of U[3], the third compon-
zot of the lizits wector, Tust be Tevized upwards
by 1200 units. The inreraction is as follows:

JLOAD PLANSYS )

LOADESDCESS "PLIMITS' -

ETORECASE

RAEeTA00 3PROMOT ION
GIVE EYECUVICH THSTRUCTICS:

put fros the teroinal. Having Iscated and
read the inpuc daca COMEC then asky the wier
i1f a BASECASE vecerd iz fo be stored apd
the user again ansvers "ves'. Sioce this
1a & new Bagecase a CASE recard 13 ayfo-
aaticatly generated and the P-2 and B-C szts
ate copoected for Process CQMARCING.

The APL ifpstruction io Compuneat & of

_the Data File in Figure B L3 gensrated and

stored autematically by Ehe sysrec. When
exkcuted thls fostruction will cetrieve the
Base Ceze data Ircn Cooponent 5. Ac Ehis
£tage the systeo regords the source of the
exogencus daka used by chis reo of :hé;
MARGINS process. Thils I3 dene By coonect-
iog (1o the C~I-3 zet) che A recazd of the
EELADDATA Trocess o the CASE vecord just
ertablished for the CHARGENS Process. After
perforafoy the coopurteaticns the functico dis-
plays the results and etoves the correspond-
ing BIW record and output data a3 ghowm.

P[3] + P{1] £ 1200
GIVE DESCRIZTION:
HEVISION TO FiAN EECAUSE OF EROMDYION O TRODUCT 3

{CASE PRCDIFROMOTION STCRED Q6/29/7% 4:05 F.M.)
CLOSEDATABASE

The FROTHMIXLE muest then be vemm. Yore that che

FRODIPROMOTION Case will be automaticelly selected.

The Pianning Syscem will firsc vecrieve che Jase

Cage and load the data into the workspace. The

APL assigroent ¢ommand shown abowe will then be

executed.
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